





Construction Form and Impacts
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Al underground station locations the substation building can be placed underground
within the station box. However, an area at ground level will be required for access
and maintenance. Al elevated station locations the substation building can be placed
under the viaduct assuming sufficient clearances and access requirements at ground
level. At-grade station locations will require the full substation footprint area plus
access requirements.

Ventilation Shafts

Ventilation shafts will be required as part of the underground station and running
tunnel ventilation system.

Station ECS will normally require 3 types of ventilation shaft for supply of fresh air,
disposal of vitiated air (including smoke) and to provide draught relief (also from the
adjoining tunnels). These are located at each of the stations and are usually
combined as a single structure or incorporated into another building. These structures
typically require a plan area of approximately 25 to 30m>

Tunne! ventilation shafts are only required on long sections of tunnel where it is not
efficient or economical to provide a ventilation system which utilises the station vent
shafts at each end of the tunnel. The vent shaft also provides a means of escape
from the tunnel and emergency/maintenance access to the tunnel.

Due to the size of these vent structures, careful consideration of locality and
aesthetics will be required. Large structures can be blended into the local streetscape
as shown in Figure 4.24. The operation of the ventilation louvers themselves will also
require further consideration of environmental issues such as air quality and noise.

Figure 4.24 Ventilation Shaft Structure Types at Street Level
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4.3.

4.3.1

Geological Conditions and Issues
Topography

City Centre

The City Centre is bounded by two canals orientated west to east, to the south by the
Grand Canal and to the north by the Royal Canal. The River Liffey crosses and flows
across the heart of the city centre from west to east. The overall topography of the
surrounding land generally follows the gradual fall of the river from west to east to
Dublin Bay and from the two canals to the River Liffey. See Figure 4.25. Contours
shown are metres above Poolbeg Ordance Datum (mQOD).

Figure 4.25 City Centre Aerial Map

City Centre South

The topoagraphy across the south of the city centre can be divided into three areas.
Overall, the whole area falls from the south and to the north towards the River Liffey.

The area east of the line joining Temple Bar and Latouche Bridge on the Grand Canal
is generally level, falling by some 5m towards the River Liffey over a distance of some
1.5km, with increasing undulations in the surface level of some two metres when
approaching the Grand Canal. Land usage is taken by large Georgian properties,
businesses and retail premises between 4 to 8 storeys high with only a few high rise
offices up to 12 storeys high. The main thoroughfares (Dame Street, Nassau Streel,
St. Stephen's Green, Pearse Street, etc) are 2 to 3 lanes except through surrounding
retail premises near Temple Bar.

The northwestern area of city centre south occupies the former medieval city of
Dublin. The topography of the old city between the College of Art Design and Dublin
Caslle rises steeply within 250m of the River Liffey by an estimated 10m. The
topography to the south falls away in a more gradual manner. Land usage within this
area is generally taken by retail and business premises between 4 to 8 storeys high.
The main thoroughfares (Dame Street and Georges Street) are generally wide, with
narrower side streets and buildings directly adjacent footpaths.

Raiway Procurement Agency 27 February 2004
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The southwestern area of the city centre is largely residential with narrow streets,
gradually undulating up to an estimated four metres.

City Centre North

Across the north of the city centre, the topography can generally be divided into two
areas, Overall, the whole area generally falls from the north to the south towards the
River Liffey.

The area to the south and east of a line joining King Street, Parnell Street and
Summerhill falls gradually from north to south by some 5m towards the River Liffey
over a distance of about 500m, with the overall topography being higher towards the
east, further from the River Liffey. Residential properties occupy the far western and
eastern extremities of the area. Businesses and retail premises occupy the central
area. Buildings are 4 to 8 storeys high with only a few high-rise offices up to 10
storeys high.

The area to the north and west rises by a further 10m to a high point at the western
area around the former railway station at Broadstone. The topography rises more
steeply around the area of Constitution Hill, at Broadstone, to the west and Georges
Street and Gardiner Street near Summerhill, to the east. Businesses occupy the area
between and around Parnell Square and Mountjoy Square. Retail premises and the
Mater Hospital lie adjacent the North Circular Road, which falls gradually from west to
east. The main thoroughfares are generally wide and decrease in number to the west
of the area considered as land use is occupied by more residential properties from
Phibsborough to Cabra.

Raoyal Canal to Dublin Airport

North of the Royal Canal the lands are occupied by residential suburbs including
Glasnevin, Drumcondra, Whitehall, Finglas, Ballymun and Santry. The Maynooth and
MGW railway lines parallel the canal. See Figure 4.26,

Figure 4.26 North of City Aerial Map
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The ground levels continue to rise to +35 mOD but then fall 10 to 15m again towards
the Tolka River. The most evident fall is at Tolka Valley to the west. North of the river
the ground initially rises steeply out of the valley and then continues to gradually rise
towards the M50. By the M50 the ground has risen by 40 to 50m over 3km with the
West Route experiencing the greatest rise.

Large areas of open ground exist associated with public parks, university and college
grounds, sports grounds and private grounds. These include Dublin City University,
Tolka Valley Park, Botanic Gardens, Hampstead Park, Mellowes Park, the major
Prospect Cemetery and ground associated with the Archbishop's House in
Drumcondra.

There are major highway arteries which emanate from the city centre to the M50
Northern Cross Route motorway which circles Dublin City. These include the M1
motorway to the east and the major trunk roads N2 Finglas Road and N1 Swords
Road fo the west and east respectively, and the R108 Ballymun Road in between with
a number parallel orbital roads running west to east (i.e. Collins Avenue).

By the M50 the residential areas are replaced by open lands which are now being
developed as new large business parks. Here the ground levels have risen between
+60 to 80mOD from the River Liffey with the highest levels just north of the N2/M50
junction. Again the levels fall to the coastline o the east. The Santry River crosses
the northern section of this area in a roughly west-north-west to east-south-east
direction.

Between the M50 and Dublin Airport, there are mostly open lands including sports
grounds and two golf courses (Sillogue Golf Course and Open Golf Centre) with a few
commercial developments. The ground levels begin to gradually fall away to the
north.

Dublin Airport

Dublin Airport itself covers a large area with the highest and flattest areas to the west
along the runways, with a noticeable fall eastwards from the terminal buildings. See
Figure 4.27.

Figure 4.27 Dublin Airport Aerial Map
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432

A rural farm setting with agricultural land and fields surrounding the Airport itself
dominates the Airport area. The Airport comprises a cluster of buildings and car
parking areas on the east side with the M1 Motorway forming the eastern boundary.
The taxi and embarkation areas of the Airport are formed by a large concrete hard
standing area. The main runways are orientated east-west and northwest-southeast.

North of the airport the ground levels continue to fall towards Swords and the estuary
to the Irish Sea.

Geology

This section gives a summary of the main geological features that would be of
concern in the design and implementation of the Metro along the four routes
developed between the City Centre, the AirPort and Swords. More detailed
information is contained in Working Paper No 15.

The Geotechnical Desk Study covered the Airport City Centre corridor with particular
emphasis on the areas designated City Centre Area and the Airport Area where
tunnelling may be required. The main objectives of the Desk Study were to provide
information on the geological and hydrogeological setting of the areas of interest and
to indicate data gaps, risks and recommendations for the next phase of the study. In
this respect, recommendations have been made for carrying out further desk studies
and bore holes ta provide additional information on the ground conditions where no
reliable information was otherwise available.

The geology in the Airport Corridor is summarised as follows:

¢ Made Ground — varying consistency and thickness, locally contaminated.

e Alluvium — silty clays and granular deposits associated with existing and lost
watercourses: generally of limited extent. These will be most likely associated
with the River Liffey and River Tolka.

»  Fluvio-Glacial Deposits — highly permeable sands and gravels encountered as
lenses and more continuous layers. Depths vary with the underlying rockhead
profile.

* Boulder Clay ~ firm to stiff brown clay with gravel and cobbles generally up to 3m
thick over stiff to hard black clay with gravel, cobbles and boulders. Boulders up
to 800mm in size have been encountered. Depths vary with the rockhead profile.

e Limestones and interbedded limestones and shales, The upper few metres are
generally weathered and more fractured.

The granular materials are less in evidence north of the City Centre Area and around
the Airport Area.

The majority of the corridor, and particularly the City Centre Area, is underlain by the
shaly limestones while parts of the Airport Area are underlain by more massive
limestones. The latter are more prone to karstification and the risk of voids increases.

The City Centre Area geology is better defined than elsewhere due to the number of
investigations available. Depth to rockhead is well documented south of the River
Liffey but the information reduces northwards out of the City and around the Airport
Area. Drift deposits around 5m to 15m are expected in the corridor with local
variations.

A pre-glacial channel runs east-west to the north of and sub-parallel to the River
Liffey. This channel is infilled with mainly granular and some cohesive deposits of
glacial origin varying in thickness to in excess of 30m.

Rockhead comes close to the surface in some locations around the Airport.

*Workng Paper No 15 - Geotechnical Desk Study City Centre and Airport May 2002
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Metro Alignments Study 4-30 Draft Final



“suoneas _S_mn_oom |euipnjiBun aAnedipu| g§Z° ¢ aindi4 |- 22 ———— o
Bi0id 3105 YOS BAEIPY|
Bjald ¥I0Y SMEIPU]
ONTTST
= = = — = = ar —it & 6 5 X B
| _uw ; m“_ nﬁ .% . CH e =
- i e e RLL LN
s vz T T
— 5= = & - oA = —= = = = swsme
= et z [ o
ﬁﬁ T
“ ™ & ‘ i _“
I 4 | v _ + _ w w _ %m W_Z_ B ‘ I .u_._.n,
A L A_u “ _: 7 h _. Aw__ T _; w .um.. ey n.v> P o
TRIVRGTTY TVIINT) O35IA30 - i |
| T = —= = = - e — S
= o ==
. .\._HT\ i . %N oL .,m,m
= v e

i
1
i

i
o

-!--E}——z-z
e F——iss
ol




Parsons Brinckerhoff (Ireland) Ltd. Construction Form and Impacts

The main considerations for tunnelling in the Airport Corridor are summarised as
follows:

» Depth to rockhead - variable and sometimes at depths in excess of 30m in the
pre-glacial channel

= Variable ground conditions in the superficial deposits including clays with variable
granular content up to boulder size, highly permeable gravels and Made Ground
of mixed origin and uncertain thickness

e Groundwater perched in the Made Ground, in hydraulic continuity with water-
courses, fissure controlled groundwater inflows from the rock

* Localised voids associated with karst features in the more massive limestones
around the Airport

e Localised contamination

4.33 Specific Geological Data
Figure 4.28 shows the longitudinal geological sections with anticipated rockhead
profile along the each of the Metro route alignments:
Stratigraphy
City Centre
Stratigraphy within the city centre is common for all four alignment options and are as
follows:

Sirala Thickness
Made Ground Oto 7.4m
Alluvium Oto 1.9m
Glacial & Post-Glacial Gravels Oto 10m
Boulder Clay 0to 10m
Calp Limestone Not proven
Ground conditions to the south of the River Liffey are reasonably consistent with some
10m of Boulder Clays and Gravels overlying the Calp Limestone. A localized increase
in depth to bedrock has been observed to the east of Trinity College up to 18 m below
ground level (mbgl) along the central and eastern alignments.
North of the River Liffey the depth to rockhead is consistently deeper, around 20m
and over 30mbgl. This represents a pre-glacial channel filled with Gravels and
Boulder Clays. The Gravels dominate the drift geology both north and south of the
river. The Boulder Clays occur as extensive layers both above and below the
Gravels.
City Centre to Dublin Airport
The western alignment differs from the central and eastern route options between the
City Centre and Airport in that it is the only option to contain tunnelling through this
length. Stratigraphy for the western alignment is summarised as follows:
Strata Thickness

Made Ground 0 to 3m
Glacial & Post-Glacial Gravels Limited extent
Boulder Clay 0to 10m
Calp Limestone Not proven
Rockhead levels within the Finglas area are generally shallow at depths of up to
8.5mbgl. Insufficient data is available to accurately determine rockhead profiles.
However, indications are that depth to rockhead increases steadily to the east.

Raivay Procurement Agency 27 February 2004
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Dublin Airport

Slratigraphy within and immediately surrounding Dublin Airport for the western, central
and eastern alignments is as follows:

Strata Thickness

Made Ground Oto2.1m
Glacial & Post-Glacial Gravels Limited extent
Boulder Clay 810 19.5m
Limestone (Calp & Reef) Not proven

Rockhead is expected consistently between 7m and 10m beneath Boulder Clay with
occasional gravel zones. Localized deeper drift deposits were noted south of the
airport towards the M50 motorway, with shallower depths locally within the airport.

Reef limestones are prone to karstification and may be more permeable and porous
than the Calp Limestone. Karstification is difficult to locate. Reef limestones exist
locally within the airport area.

Insufficient data is available to accurately determine the rock profile on this section,
though it is anticipated that the tunnelled route for the most part would be wholly
within the limestone strata.

Preliminary Findings

North-south route alignments will encounter similar ground conditions for any given
corridor frem the east to west across the City. Routes to the far west of the City Area
may encounter deeper gravels on the south of the River Liffey compared with route
corridors to the east. For the tunnels to remain in rock to the north of the city centre ,
the vertical alignment would need to be deeper than 30m . Conversely, o ensure
that the tunnels remained entirely in the glacial deposits the vertical alignment would
need to be maintained at depths less than 10m. The ground conditions in the tunnel
face will therefore be controlled by the depth of the stations and the associated tunnel
gradients and the depth of these structures will govern the material anticipated at the
tunnel face and therefore the tunnelling method.

East-west route alignments south of the River Liffey would encounter glacial deposits
to around 10m, locally deeper (up to 17m) in the west, over rock. Tunnels below 10m
would mostly be in the rock. Tunnels less than 10m deep would be within the glacial
deposits but would also encounter Alluvium close to the river and locally elsewhere.

East-west route alignments north of the River Liffey would run semi-parallel to the pre-
glacial channel and would not encounter rock above depths of 20m. Very deep
tunnels would be required, greater than 30m, if the tunnels were to remain within rock.

Surface settlement and groundwater issues will be more onerous for tunnels within
the glacial depaosits.

Route options for the Airport Area are expected to encounter relatively uniform ground
conditions wilth local variations that will need to be confirmed by detailed
investigations of preferred routes.

From a geotechnical point of view the horizontal route options through the City Centre
are not constrained by the ground conditions. The vertical alignments will be more
constrained by the variation in depth to rockhead. Table 4.1 shows the approximate
lengthy tunnels for each route and the assumed ground conditions.

Railway Procurement Agency 27 February 2004
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Table 4.1 Geotechnical Conditions and Extent of Tunnelling (tunnel lengths
exclude Underground Stations & Portals)
Route Approximate Length of Tunnelling (km)

Limestone Glacial Till/Gravels Total

West Option 3.7 1.6 5.3

Central Option 2.8 1.6 44

Revised Central 3.6 1.1 4.7

Option

Easl Option 2.7 1.7 4.4

The main issues that need to be resolved depend on improved information with
respect to:

Permeabilities in Boulder Clay and rock are very low, but in post-glacial granular
deposits the permeabilties are very high giving concern with respect to the risk to
tunnelling.

Ground improvement which may be needed for groundwater control in post-glacial
granular deposits. Jet grouting may be needed for soil improvement in Boulder
Clays close to permeable horizons. Local fissure grouting may be required in the
rock.

The extent of the pre-glacial channel needs to be defined to ascertain length of
tunnelling in superficial deposits and optimum location of stations constructed in
superficial deposits. Tunnels/stations in this zone would be entirely constructed in
superficial deposits that will contain granular horizons and water bearing ground.
Where possible, all structures should be located in the Boulder Clay.

The extent of buried river channels and post-glacial depaosition to be assessed to
avoid a rock tunnel drive encountering water bearing deposits in the tunnel face.

Analysis of chloride and sulphates is required to assess any tunnel lining
protection requirements,

Surface seltlement is likely to be more pronounced within the superficial deposits,
if groundwater draw down occurs causing consolidation settlement in these
deposits,  Similarly, tunnel induced settlements will be more pronounced for
tunnels through superficial deposits compared with tunnels in rock.

A review of background soil and groundwater temperatures is required for design
of the system of environmental control systems.

To minimise construction risk and reduce cost, the exient of tunnelling should be
minimised in the superficial deposits. In particular, cut and cover stations should
be adopted wherever possible and should not encroach into the building line.
Where possible, the tunnel route should also be beneath streets, (i.e. if a problem
occurs below a building during tunnelling, access to the tunnel would only be
available from the tunnel face).
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