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Memorandum
 

Our Ref: 	 47037827 

Date: 	 28/10/2014.  Revised 19/11/2014 

To: 	 Gabriel Gallagher 

From: 	 Alex Staton. Technical review by Sean Needham (Principal Hydrogeologist) and David 
Granger (Technical Director, Hydrogeology) 

cc: 	 Ali Bastiken 

Subject: 	 York Street Interchange – Hydrogeological Assessment 

1. INTRODUCTION 

URS has undertaken a desk based assessment to identify potential implications on the 
groundwater regime in the vicinity of the proposed York Street Interchange, Belfast. The 
work is required to support the Environmental Statement for the scheme. The assessment 
is based primarily on intrusive site investigation works undertaken by Causeway Geotech 
Ltd (‘Causeway’) between 21 January and 06 March 2013. The 2013 site investigation 
works were undertaken under the direction of URS. The findings of the Causeway 
investigation including all borehole records and test results are included in the Contractor’s 
Factual Report

1
. A plan showing exploratory positions is also included. 

A series of historical site investigation reports for the general vicinity of the scheme have 
also been made available to URS. The majority of the historical information relates to the 
vicinity of the existing Westlink to the west of the proposed interchange. 

1.1 Scheme Description 

The proposed scheme will provide full grade separation of vehicle movements between the 
Westlink, M2 and M3. Grade separation will be provided via underpasses below the Lagan 
Road Bridge and Dargan Rail Bridge. York Street will be partially raised to accommodate 
the underlying links. The scheme will therefore include construction of underpasses, 
embankments and over-bridges, which will cause disturbance of the ground and 
groundwater. It is proposed to form the underpass using diaphragm walls, which will have 
negligible permeability and will be advanced through water bearing superficial strata 
including estuarine alluvium (‘Belfast sleech’) and underlying fluvial deposits into Glacial Till 
or bedrock. Embankments will be supported by retaining walls which will be piled to till. It is 
anticipated that the diameter of the majority of piles will be 300mm and will be located at 
approximately 1.5m centres. No loadings will be transferred to the shallow superficial 
deposits. A drawing illustrating the locations of underpasses and retaining walls is provided 
as URS Drawing YSI-URS-XX-XX-DR-SE-ST001. 

The objective of this memorandum is to provide an initial assessment of the potential impact 
of the proposed scheme on the current hydrogeological regime using the available site 
investigation data and to provide recommendations for any further work that may be 
required. 

1
 Causeway Geotech Ltd, York Street Interchange, Belfast.  Report prepared for URS Infrastructure & 

Environment UK Ltd.  Report Number 13-014, dated December 2013. 
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2. BASELINE SITE CONDITIONS 

2.1 Geology 

The general sequence of strata recorded along the route of the proposed scheme during the 
Causeway site investigation is summarised in Table A. 

TABLE A: SUMMARY OF GROUND CONDITIONS 

Strata Description Depth to Top (m) Thickness (m) 

Made Ground Highly variable materials from 
historical filling. Also includes 
quarry fill and concrete 

From Ground Level 0.4 – 2.9 

Estuarine Alluvium 
(Belfast Sleech) 

Very soft to soft sandy silts 
and/or very soft to soft organic 
silty clay with occasional shells 
and plant remains. Lenses of 
silty sand present. 

0.4 – 2.9 0 – 10.4 
(Thickens to 
east) 

Peat Friable sub-amorphous with 
decayed roots. 

7.3 – 11.6  0.0 – 1.0 
(Absent to 
west)  

Fluvial Deposits Mainly sandy gravels and 
gravelly sand. Gravelly silt with 
medium cobble content to 
south.  Silty sand to north. 

9.3 – 11.6 0.0 – 5.3 
(Absent to 
west) 

Glacial Deposits Firm – stiff laminated clay. 4.5 - 18 0.0 – 21.8 
(Absent to 
west) 

Glacial sand and gravel bands Variable within 
glacial deposits 
clay 

0.8 – 7.5 

Stiff to very stiff sandy gravelly 
clay with low cobble content.  
Typically overlying bedrock and 
present below laminated clays. 
Occasional lenses of stiff to 
very stiff sandy gravelly clay 
within overlying laminated 
clays. Locally absent. 

4.4 – 36.3 0.0 – 11.65 

Bedrock Sandstones, mudstone and 
marl. Dolerite intrusion (0.70m 
thick) encountered in BH217 

0.7 – 44.15m 
(becoming deeper 
to south east of 
site) 

Not Proven 

As indicated in the table above, the generalised sequence comprises a thin cover of made 
ground overlying estuarine alluvium, known locally as ‘sleech’. The estuarine alluvium 
thickens in an easterly – south-easterly direction towards the River Lagan and associated 
dock areas (refer to URS Drawing 47037827/1004 and discussed below). Geological 
Survey of Northern Ireland (GSNI) mapping

2 
indicates that the estuarine alluvium attains a 

2 
Geology of Belfast and District, Engineering Geology Special Sheet, Scale 1:50,000 (1984) 
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maximum thickness adjacent to the River Lagan of approximately 15m. These deposits 
were not encountered in boreholes to the west of York Street.   

The sleech is typically underlain by a thin layer of peat (maximum thickness 1m).  Again, this 
was found to be absent to the west of York Street. The peat layer overlies fluvial deposits 
comprising mainly of sand and gravel. The fluvial deposits appear to become increasingly 
sandy and silty towards the north (BH201) and south (BH205). The maximum reported 
thickness of the fluvial deposits was found to be 5.3m in BH201. They were found to be 
absent in BH227 to the south of the scheme area and in boreholes to the west of York 
Street. 

The glacial deposits underlying the fluvial deposits and/or sleech comprise of laminated 
clays underlain by sandy gravelly clays with cobbles (‘boulder clay’). Lenses of varying 
thickness of sand and gravel were encountered within the glacial clays. 

Bedrock was encountered beneath the glacial deposits at depths of between 0.7m and 51m 
bgl. To the east of York Street, the bedrock comprised mainly of orange brown fine grained 
sandstone. Up to two discontinuity sets were observed. Discontinuity Set 1 comprised sub-
horizontal bedding to approximately 20 to 30 degrees. These were reported to be mainly 
close to medium spaced often infilled with sand and clay/silt up to 80mm. Discontinuity Set 
2 comprised a possible joint set at 35 – 70 degrees. These were reported to be close to 
wide spaced and sand infilled. These joints may be partly drilling induced. Based on GSNI 
mapping, the sandstones are assumed to belong to the Sherwood Sandstone Group.  
Where dip arrows are shown on GSNI mapping, the Sherwood Sandstone Group is shown 
to dip gently to the west. 

The superficial deposits to the east of York Street appear to occupy an approximately north 
– south trending rock head valley. 

The bedrock to the west of York Street was observed to comprise of mudstone and marl. 
The mudstone was typically light grey and thickly laminated to thinly-bedded. It was 
moderately fresh but locally highly weathered. Lenses of fine sandstone were also present.  
A discontinuity set associated with bedding at 20 – 30 degrees was observed. This was 
generally closely spaced. Where present, marl was encountered as stiff reddish brown 
mottled orange and grey sandy silty clay. Based on GSNI mapping, the mudstones to the 
west of York Street are assumed to belong to the Mercia Mudstone Group. 

A geological boundary, possibly a fault, exists between the Sherwood Sandstone and the 
Mercia Mudstone to the west of York Street.  This boundary appears to mark to westernmost 
margin of the inferred rockhead valley. A NW-SE trending fault with a down throw to the 
southwest is shown on GSNI geological mapping to traverse York Street in the vicinity of its 
junction with Brougham Street. A further fault trends approximately N- S immediately east of 
the existing M2, terminating against the NW-SE trending fault. 

Indicative N-S and E-W geological cross-sections are provided as URS Drawing 
47037827/1002. 

2.2 Hydrogeology 

2.2.1 Groundwater productivity 

The GSNI Geoindex
3 

and Characterisation of Groundwater Bodies within Northern Ireland 
published by the Northern Ireland Environment Agency (NIEA)

4 
indicate that the site is 

underlain by two main bedrock aquifers: 

3 
http://maps.bgs.ac.uk/gsni_geoindex. Accessed on 6th February 2014. 


4
 Northern Ireland Environment Agency, Characterisation of Groundwater Bodies within Northern Ireland 
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•	 The Sherwood Sandstone Group underlying the area to the east of York Street is 
situated within the Belfast groundwater body. Overall the aquifer is considered to 
have high productivity potential. Inter-granular porosity exists within the sandstone 
units, and flow is both inter-granular and through fractures.   

•	 The Mercia Mudstone Group underlying the western part of the scheme belongs to the 
Belfast Hills – Islandmagee groundwater body. This aquifer is of very poor productivity 
with flow restricted to limited fractures.    

The Sherwood Sandstone forming the Belfast Groundwater Body dips beneath and 
becomes confined by the overlying Mercia Mudstone. The Sherwood Sandstone extends 
west beneath Belfast Lough (where groundwater becomes saline). The sandstone is 
reported to be mostly fully saturated with piezometric levels occurring in the overlying 
deposits. Regional groundwater flow occurs although compartmentalisation of flow occurs 
due to significant faulting. Within the Central Belfast area, the Sherwood sandstone is 
overlain by significant thicknesses of low permeability deposits. Significant thicknesses of 
glacial sand and gravel deposits also occur, particularly in the Lagan Valley. The sand and 
gravel deposits will have primary intergranular porosity and are reported to have high 
productivity potential. Groundwater within these deposits tends to exhibit greater hydraulic 
connectivity with nearby surface waters than groundwater in the Sherwood Sandstone. 
There is generally very little surface exposure of the Sherwood Sandstone although GSNI 
mapping shows limited surface outcrop to the north of Brogham Street. Sand and gravel 
deposits are not recorded at surface in the area of interest.   

The superficial deposits of estuarine alluvium that underlie the site have very low 
permeability and are not regarded to have the potential to store and transmit significant 
amounts of groundwater. The till in the Belfast Groundwater Body area is considered to be 
moderately permeable due to its association with the underlying sandstone dominated 
bedrock resulting in a significant sand/silt sized fraction.   

The NIEA considers that recharge to the Belfast Groundwater Body is mainly along its 
margin with the Mercia Mudstone as runoff from higher ground crosses the body. An 
average recharge rate of approximately 126mm/a is reported compared with an annual 
average rainfall of 891 mm. 

The NIEA considers that recharge to the Belfast Hills – Islandmagee groundwater body is 
mainly direct where bedrock occurs at or close to surface. They estimate a recharge rate of 
181mm/a. Mercia Mudstone occurs close to surface towards the west of the scheme area 
and was encountered at shallow depth in BH221 and BH222. 

Currently there are no known abstractions within or adjacent to the scheme boundary.  

Groundwater bodies are classified by the NIEA with quality ratings ranging from Good to 
Poor. A search of NIEA’s River Basin Management Plan database was conducted with 
regard to groundwater quality beneath the site. The Belfast groundwater body has an 
overall status of ‘Poor’. The Belfast Hills - Islandmagee groundwater body groundwater 
body has an overall status of ‘Good’. 

2.2.2 Groundwater Vulnerability 

The GSNI Geoindex web site indicates the vulnerability of groundwater within the uppermost 
aquifers and is the standard classification currently used for assessing activities which may 
impact on groundwater resources. The vulnerability classification is determined primarily on 
the basis of the assumed permeability and thickness of geological deposits overlying the 

June 2012 Version No.1. 
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strata containing the upper, significant water table. Where these deposits are absent, the 
depth to water table can influence the vulnerability class. 

The GSNI Geoindex website shows the groundwater in the bedrock aquifer is assigned to 
Vulnerability Class 1 (Sherwood Sandstone) and Class 2 (Mercia Mudstone), which indicate 
a generally low vulnerability potential. 

2.2.3 Groundwater Monitoring Records 

Data obtained during the Causeway 2013 investigation show that groundwater strikes were 
reported in the majority of borehole locations with the exception of BHs 206, 212, 213, 214, 
217, 221, 222 and 227. Groundwater strikes within boreholes were recorded between 1.5m 
and 32.5m bgl. Strike and rise data are summarised in Table B. These data have been 
used to assist with the development of a hydrogeological conceptual site model. 

TABLE B: STRIKE & RISE DATA (2013 INVESTIGATION) 

Borehole Strike (m bgl) Rose to (m bgl) Lithology 

BH201 10.50 6.10 Top of sand unit overlain by peat layer 
and silt (Alluvial) 

BH201 25.60 21.60 Sand lens overlain by clay (Alluvial) 

BH202 11.20 2.85 Top of sand unit overlain by peat layer 
and silt (Alluvial) 

BH202 23.50 15.80 Top of fine sand overlain by gravelly 
clay (Till) 

BH203 11.60 3.90 Top of gravel unit overlain by peat and 
clay 

BH203 23.70 6.75 Top of sand overlain by clay (Alluvial)  

BH204 9.30 4.50 Sand overlain by peat and clay 
(Alluvial) 

BH205 9.60 2.10 Sand overlain by peat and clay 
(Alluvial). Blowing sand reported at 
13.0 – 13.15m bgl 

BH207 3.50 3.10 Top of silty sand overlain by very silty 
sand (Estuarine) 

BH207 10.10 8.40 Sandy clayey silt overlain by peat and 
clay (Alluvial) 

BH208 4.30 4.15 Sandy silt (Estuarine) 

BH208 10.15 3.18 Sandy clayey silt overlain by peat and 
clay (Alluvial) 

BH209 11.20 8.10 Sandy gravel overlain by pat and clay 
(Alluvial) 

BH209 12.90 3.80 Gravel (Alluvial) 

BH210 10.25 2.75 Sandy gravel overlain by peat and clay 
(Alluvial) 

York Street Interchange/Hydrogeology 
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TABLE B: STRIKE & RISE DATA (2013 INVESTIGATION) 

Borehole Strike (m bgl) Rose to (m bgl) Lithology 

BH210 35.50 15.80 Silt overlain by still sandy gravelly clay 
(Till) 

BH211 2.75 2.65 Organic silt (Estuarine) 

BH211 11.00 2.90 Sandy gravel overlain by peat and clay 
(Alluvial) 

BH214 1.50 - Clay overlain by made ground (brick 
and rubble fill) 

BH214 16.70 3.62 Contact between sandstone bedrock 
and overlying till 

BH215 4.00 3.40 Organic clay (Estuarine) 

BH216 10.30 8.80 Sandy gravelly clay (Till) 

BH218 7.80 - Sandy silt overlain by peat and clay 
(Alluvial) 

BH219 12.70 8.80 Silty sand overlain by sandy gravelly 
clay (Till) 

BH220 3.40 3.20 Sand (Estuarine) 

BH225 9.50 Silty clay (Alluvial) 

BH228 10.30 3.40 Gravel overlain by peat and clay 
(Alluvial) 

In most cases, groundwater strikes were recorded within granular alluvial deposits at depths 
of between 9.30m and 26.50m bgl. Sub-artesian conditions were recorded in the fluvial 
deposits with rises 20 minutes following strike of up to 16.95m. Blowing sand was reported 
in BH205 between12.00m and 13.15m bgl. Strikes were also noted at depth within granular 
till deposits and at shallow depth within estuarine alluvium deposits. 

The majority of trial pits were recorded to be dry with the exception of TP210 and TP215 
where water strikes were observed between 0.7m and 1.2m bgl. 

Groundwater monitoring wells were installed at twenty three monitoring locations during the 
Causeway 2013 investigation. Groundwater level gauging was undertaken between 28 
January and 27 March 2013. Groundwater monitoring installations were provided within 
both the alluvial deposits and the underlying fluvial deposits. In addition, six boreholes were 
screened within the bedrock. A hydrograph showing the results of groundwater level 
gauging in the bedrock is provided below.  

York Street Interchange/Hydrogeology 
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With the exception of BH221 and BH222, where bedrock reported as ‘reconstituted marl’ 
was encountered at a depths of 1.70m (3.46m AOD) and 1.65m (4.18m AOD), groundwater 
level gauging of boreholes installed in the bedrock (BH206 BH215, BH216 and BH220), 
recorded groundwater elevations well above the base of the superficial deposits. 
Groundwater elevations ranged between 4.55m AOD towards the west of the study area 
(BH221) and 1.02m AOD towards the northeast (BH206). BH206 BH215, BH216 and 
BH220 were installed into the Sherwood Sandstone. 

Six boreholes (BH202, BH205, BH208, BH209, BH210 and BH218) were installed in fluvial 
deposits immediately below the peat horizon with a further two boreholes installed in deeper 
granular glacial deposits. (BH225 and BH228). All boreholes installed within the fluvial 
deposits are located to the east of York Street since these deposits are appear to be absent 
to the west. BH225 (screened across a sand lens beneath laminated glacial clay) is located 
on York Street. Groundwater depths of between 1.62m and 2.60m bgl were recorded. 
These depths correspond to elevations of between 1.20m AOD adjacent to York Street and 
0.49 m AOD towards the east. A hydrograph showing the results of groundwater level 
gauging in the alluvial deposits is provided below. No monitoring records are available for 
BH209. Hydrographs for BH225 and BH228 installed in deeper glacial deposits are 
provided for reference. 

York Street Interchange/Hydrogeology 
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From the information available, the extent of hydraulic connectivity between the bedrock and 
the fluvial deposits is uncertain. Overall, however, a vertically upwards hydraulic gradient is 
implied. Close correspondence between groundwater elevations in adjacent boreholes 
installed within the bedrock (BH215) and granular horizons in the till (BH228) may suggest 
that groundwater within the bedrock and the overlying till deposits may locally be at or close 
to hydrostatic equilibrium. Groundwater heads between the various units arefurther 
discussed below and in Section 2.2.4. The strike and rise data suggest that groundwater 
within the fluvial deposits is semi-confined by the overlying estuarine (‘sleech’) deposits. 

Eight boreholes (BH201, BH203, BH204, BH211, BH214, BH217, BH219 and BH227) were 
installed within the estuarine alluvium deposits. Again, these are mainly located to the east 
of York Street although BH217 is located immediately to the west of York Street. 
Groundwater depths recorded within boreholes installed within the estuarine alluvium 
deposits ranged between 1.62m and 2.60m bgl. These are equivalent to groundwater 
elevations of between -0.53m in BH201 to the northeast of the area of interest and 2.58m 
AOD in BH217 immediately to the west of York Street. A hydrograph showing the results of 
groundwater level gauging in the estuarine deposits is provided below. 

York Street Interchange/Hydrogeology 
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Combined hydrographs illustrating the relationship between the piezometric surface in the 
bedrock (green), fluvial deposits (orange) and sleech (blue) are provided in the figure below. 
Hydrographs for boreholes installed in granular horizons within glacial deposits underlying 
the fluvial deposits have also been included (red). The figure shows that during the period 
monitored groundwater elevations in the bedrock were consistently above those in the 
overlying fluvial deposits and glacial deposits implying an upwards vertical hydraulic gradient 
from the bedrock to the fluvial deposits.  In general, groundwater elevations in the sleech are 
above those in the underlying fluvial deposits implying a vertically downwards hydraulic 
gradient from the low permeability sleech to the underlying fluvial deposits. 

A low level combined sewer, which is understood to be brick lined, gravitates in a northerly 
direction along Corporation Street at a gradient of 1 in 20. It is understood that at Trafalgar 
Street, (north of BH201), the crown level of the sewer is at approximately -0.46m AOD while 
the invert level is at -2.59m AOD. Sub sub-sea level groundwater elevations recorded in the 
sleech (BH201) may reflect the influence of this low level sewer. The sewer may also affect 
groundwater elevations in the fluvial deposits (>25% of water levels at BH202 are <0m 
AOD). 

York Street Interchange/Hydrogeology 
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To assess seasonal variation in groundwater levels and whether groundwater beneath the 
site may be tidally influenced, the groundwater levels in the standpipes installed in eight 
boreholes were continuously monitored over a period of approximately 7 weeks, ending in 
early July 2013. Levels were recorded automatically at 10 minute intervals using electronic 
pressure loggers (“divers”) installed near the base of the wells. The boreholes selected for 
continuous monitoring were BH211 installed in the sleech (estuarine) deposits, BH209, 
BH210, and BH218 installed in fluvial deposits, BH228 installed in the ftill, and BH220 
installed in the bedrock.   

In general, groundwater levels remained relatively static throughout the monitoring period 
with a maximum seasonal variation of approximately 0.3m observed in BH209. 

The results of the continuous groundwater monitoring also suggest that groundwater levels 
in BH210 installed in fluvial deposits immediately adjacent to southern part of the proposed 
M2-Westlink underpass and closest to the river are tidally influenced. A diurnal variation of 
approximately ±0.2m was observed. At this point, the proposed scheme is located 
approximately 200m west of the River Lagan. No evidence of diurnal variation was 
observed in the other boreholes although slight changes in response to a particularly high 
(‘spring’) tide may be present. Based on the information presented above, three 
groundwater systems appear to be present beneath the site. The deeper groundwater 
systems are represented by groundwater in the bedrock and fluvial sand and gravel 
deposits. Although moderate thicknesses of till described as stiff gravelly sandy clay 
typically overlie the bedrock, these deposits are thin or absent to the west of York Street.  
Groundwater within the bedrock and fluvial sands and gravels may locally be at or close the 
hydrostatic equilibrium. This is illustrated by hydrographs for adjacent boreholes in the two 
formations as shown (BH216 and BH218). 

York Street Interchange/Hydrogeology 
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Elsewhere the upwards vertical gradient may imply potential for recharge to the fluvial 
deposits from the bedrock where higher permeability pathways may be present. 

The shallower groundwater system is represented by estuarine deposits (‘sleech’). These 
comprise largely of silt and clay although occasional sand lenses are also present. These 
deposits display some heterogeneity over relatively short distances. Groundwater depths 
within the sleech ranged between 1.62m and 2.60m bgl. Groundwater elevations within the 
alluvium deposits appear to be above those in the underlying strata implying a vertically 
downwards hydraulic gradient. 

2.2.4 Interpolated Groundwater Contours and Hydraulic Gradients 

Interpolated groundwater contours for the sleech based on average groundwater elevations 
reported in boreholes screened in this unit are presented as URS Drawing 47037827/1002. 
The inferred direction of groundwater flow is mainly towards the northeast with an estimated 
hydraulic gradient ranging from 0.002 to 0.005. As noted previously, the subsea-level 
groundwater elevation in BH201 may reflect the influence of the low level 2400mm 

York Street Interchange/Hydrogeology 
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combined sewer, which gravitates in a northerly direction along Corporation Street. The 
hydraulic gradient is observed to steepen to the northeast in the direction of the sewer. 

Interpolated groundwater contours for the fluvial deposits based on average groundwater 
elevations are shown as URS Drawing 47037827/1001. The inferred direction of 
groundwater flow is mainly in a broadly easterly-south-easterly direction with an estimated 
hydraulic gradient of 0.004. It is noted that the groundwater levels within the fluvial deposits 
at the eastern edge of the study area are approaching 0mAOD. This would indicate either a 
very low gradient required to drive flow from the eastern edge of the study area to the sea 
(reflecting highly transmissive deposits), or that the groundwater flow is also affected by the 
combined sewer running below Corporation Street. 

Interpolated groundwater contours for the bedrock based on average groundwater 
elevations reported in boreholes screened in bedrock are presented as URS Drawing 
47037827/1003. The inferred direction of groundwater flow is mainly towards the southeast.  
The hydraulic gradient varies between approximately 0.015 to the west and 0.005 to the 
east. The shallower gradient to the east reflects groundwater elevations in the Sherwood 
Sandstone while the steeper gradient to the west reflects groundwater elevations in the 
Mercia Mudstone. 

2.2.5 Hydraulic Conductivity 

In the absence of site specific data, the hydraulic conductivity of the sleech and underlying 
fluvial deposits have been estimated using empirical relationships based on geotechnical 
parameters.   

The vertical hydraulic conductivity of cohesive deposits can be estimated using Terzaghi’s 
relationship based on the compression coefficient  mv obtained from oedometer (one 
dimensional consolidation) tests as follows: 

Where 


K = hydraulic conductivity (m/s) 


cv = consolidation ratio (m
2
/s) 


mv = compression coefficient (m
2
/kN) 


gw = unit weight of water (kN/m
3
) 


The unit weight of water gw is given as rwg, where rw is the density of water and g is the 

acceleration due to gravity. 

Based on the one dimensional consolidation data obtained during the Causeway 
investigation, estimates of the hydraulic conductivity of clay deposits sampled from the 
sleech as follows were obtained. The plot shows a relatively wide spread in values at a 
given depth although lower values tend to occur at greater depth

5
. The highest value 

-9 -4 -11
calculated was 1.9 x 10 m/s (2 x 10 m/d) while the lowest value was 2.7 x 10 m/s (2 x 
10

-6 
m/d). It should be noted that the values obtained are one-dimensional vertical hydraulic 

conductivity values. Horizontal hydraulic conductivity values are typically higher than 
vertical hydraulic conductivity values, often by at least an order of magnitude. Nevertheless, 
the data suggest that the hydraulic conductivity of the clays in the sleech is very low and well 

5
 Depths have been estimated from test pressures 

York Street Interchange/Hydrogeology 



   

  

 

              
              

   

 

Page 13 of 24 

within the range of published values for clays. The bulk hydraulic conductivity of the 
formation as a whole may be higher than implied by the oedometer tests reflecting the 
presence of silt and sand lenses. 

York Street Interchange/Hydrogeology 
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The hydraulic conductivity of the fluvial deposits was estimated using particle size 
distribution analyses and the empirical Kozeny-Carman relationship based on effective grain 
size (d10) and porosity n as follows: 

Where 

n = kinematic viscosity of water.  At 10 
0
C, this is 1.3 x 10

-6
 m

2
/s. 

Porosity values can be derived using the empirical relationship based on the coefficient of 
grain uniformity U derived by Vukovic and Soro

6
 as follows: 

The coefficient of grain uniformity is given by d60/d10 obtained from the PSD analysis. The 
Kozeny-Carman relationship is one of the most widely used empirical relationships for 
estimating hydraulic conductivity from PSDs and is often considered more reliable than other 
relationships based on grading. It is not suitable either for soil with effective grain size 
greater than 3mm or for clayey soils

7
. 

Estimates of the porosity and hydraulic conductivity of samples of fluvial deposits are 
provided in Table C. The estimated transmissivity values have been calculated from the 
reported thickness of the lithological unit described in the borehole logs. This value is not 
necessarily the total transmissivity of the fluvial deposits in the borehole at the position 
sampled as the fluvial deposits may comprise a number of different lithologies. 

TABLE C: ESTIMATED HYDRAULIC CONDUCTIVITY (FLUVIAL DEPOSITS) 

Borehole Depth 
(m) 

Lithology (Log 
Description) 

Porosity Hydraulic 
Conductivity 
(m/d) 

Transmissivity 
(m

2
/d) 

BH201 12.0 – 
13.0 

Slightly gravelly 
silty fine to coarse 
SAND with low 
cobble and low 
boulder content 

0.31 0.013 0.020 

BH201 14.2 – 
14.65 

Very silty fine to 
coarse sand with 
lenses of fine to 
medium gravel 

0.27 0.010 0.023 

BH202 12.0 – 
12.5 

Slightly silty sandy 
fine to coarse 
gravel with medium 

0.26 29 52 

6 
Vukovic, M and Soro, A (1992) Determination of Hydraulic Conductivity of Porous Media from Grain Size 

Composition. Water Resources Publications, Littleton, Colorado. 
7 

A review of the applicability of various empirical relationships for hydraulic conductivity based on grain 
size analysis is given in Odong J (2008) Evaluation of Empirical Formulae for Determination of Hydraulic 
Conductivity based on Grain-Size Analysis. The Journal of American Science, Volume 4 (1) 
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TABLE C: ESTIMATED HYDRAULIC CONDUCTIVITY (FLUVIAL DEPOSITS) 

Borehole Depth 
(m) 

Lithology (Log 
Description) 

Porosity Hydraulic 
Conductivity 
(m/d) 

Transmissivity 
(m

2
/d) 

cobble content 

BH203 12.0 – 
12.5 

Sandy fine to 
coarse gravel 

0.26 30 56 

BH203 14.0 – 
14.5 

Slightly silty fine to 
coarse gravel 

0.33 2,070 3,800 

BH204 9.75 – 
10.3 

Gravelly silty fine to 
medium sand 

0.31 0.17 0.29 

BH204 11.3 – 
11.75 

Silty very sand fine 
to coarse gravel 

0.26 0.96 2.4 

BH205 9.5 – 
10.0 

Gravelly silty fine to 
coarse sand 

0.26 0.67 1.7 

BH205 11.5 – 
12.0 

Very sandy fine to 
coarse gravel 

0.26 23 12 

BH205 12.7 – 
13.15 

Fine to medium 
sand 

0.41 23 27 

BH207 10.5 – 
11.0 

Slightly sandy 
clayey silt 

0.26 N/A N/A 

BH207 11.4 – 
12.0 

Slightly sandy fine 
to coarse gravel 
with high cobble 
content and high 
boulder content 

0.27 1,800 5,400 

BH207 14.0 – 
14.5 

Sandy fine to 
coarse gravel with 
high cobble content 
and high boulder 
content 

0.26 0.02 0.06 

BH208 10.5 – 
11.0 

Slightly silty sandy 
fine to coarse 
gravel with medium 
cobble content. 

0.26 65 150 

BH208 12.8 – 
13.1 

Very silty fine to 
coarse sand and 
fine to coarse 
gravel 

0.26 0.005 0.004 

BH209 11.2 – 
12.0 

Very sandy fine to 
coarse gravel 

0.26 - 0.33 12 - 22 38 - 70 

BH209 13.3 – 
13.9 

BH210 11.0 – 
11.5 

Slightly silty sandy 
fine to coarse 
gravel with low 

0.27 280 770 
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TABLE C: ESTIMATED HYDRAULIC CONDUCTIVITY (FLUVIAL DEPOSITS) 

Borehole Depth 
(m) 

Lithology (Log 
Description) 

Porosity Hydraulic 
Conductivity 
(m/d) 

Transmissivity 
(m

2
/d) 

cobble content and 
low boulder content 

BH210 13.0 – 
13.5 

Very silty very 
gravelly fine to 
coarse sand 

0.26 0.0073 0.0088 

BH211 12.0 – 
12.5 

Slightly silty fine to 
coarse gravel 

0.26 46 - 86 190 - 360 

14.0 – 
14.5 

BH214 10.0 – 
10.45 

Slightly sand clay 0.26 N/A N/A 

BH218 8.3 – 
8.75 

Sandy silt and very 
fine sand 

0.26 0.0026 0.002 

BH228 10.3 – 
10.7 

Silty very sandy 
fine to coarse 
gravel 

0.26 0.08 0.15 

BH228 11.3 – 
11.75 

Slightly gravelly 
very silty fine to 
medium sand 

0.30 0.04 0.076 

N/A: Not applicable. Clayey soil 

It is apparent from Table C that the estimated hydraulic conductivities/transmissivities of the 
samples tested vary over several orders of magnitude. The highest hydraulic conductivity 
values relate to boreholes BH203 and BH207 located to the north of the scheme in the 
vicinity of the Dock Street Bridge that will carry the M2 over Dock Street. The estimated 
transmissivity of the fluvial deposits in this area of the scheme appears to be very high. 

Slightly lower hydraulic conductivities were estimated in boreholes in the vicinity of the start 
of the M2 – Westlink underpass (BH205, BH209 and BH210), although here too the 
estimated transmissivity of the fluvial deposits is extremely variable in the range 1.7 – 770 
m

2
/d. Based on the log descriptions, it is possible that some of the higher estimated 

hydraulic conductivity values are high for the soils encountered. This may be due to loss of 
fines during sampling below the water table. Literature values for clean sand and sand and 
gravels are typically in the range 10 – 100 m/d. Values in excess of 100 m/d are typical of 
clean gravels

8
. Much lower values would be expected for sand, sand and gravel or gravel 

with high fines content. It is noted, for example, that the estimated hydraulic conductivity for 
the sample from BH208 described as very silty fine to coarse sand and fine to coarse gravel 
is only 0.005 m/d.  The PSD for this sample indicates that it contains 37% fines (silt + clay). 

While it appears that the fluvial deposits may become increasingly fine grained to the north 
and south, as illustrated on the geological cross-sections provided as URS Drawing 
47037827/1002, it is not clear that the lower transmissivity values estimated for gravels to 
the south of the section are statistically significant. The data set of transmissivity values for 
soils in which the main constituent is sand or gravel appears to be approximately log

8 
E.g. Brassington R (2007) Field Hydrogeology (3

rd 
Edition).  John Wiley & Sons Limited. 
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normally distributed as shown by the quantile (Q-q) plot for the log-transformed data 
reproduced below suggesting that they may belong to the same population and reflect 
sampling variability within a highly heterogeneous unit The data set is also found to be log-
normally distributed at 5% significance by application of the Shapiro-Wilks test to the log-
transformed data. The geometric mean for the entire data set is approximately 3.7 m

2/
/d 

m
2
d. Given the wide range in estimated values, however, there is considerable uncertainty 

in the true population mean. Calculations carried out using the ProUCL statistical package
suggest a 95%ile upper confidence level (UCL)

10 
for the population mean of 1,600m

2
/d In 

the absence of in situ transmissivity data, the sample geometric mean value of 3.7 m
2
/d and 

UCL for the population mean of 1,400 m
2
/d have been used in subsequent calculations. 

Q-q plot 
3 
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Theoretical normalised values 

2.2.6 Groundwater Discharge 

The total groundwater discharge passing beneath the section of the scheme perpendicular 
to the direction of groundwater can be estimated from Darcy’s law as follows: 

Where 


Q = Groundwater discharge (m
3
/d) 


T = Formation transmissivity (m
2
/d) 


I = Hydraulic gradient (dimensionless) 


9
 USEPA (2013) Statistical Software ProUCL v.5.0.00 for Environmental Applications for Data Sets with 

and without Non-Detect Observations 
10 

Estimates of the UCL for the population mean assume that the available data set is random and non-
biased. 
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w = Aquifer width perpendicular to the direction of groundwater flow (m) 

Based on interpolated groundwater contours for the estuarine alluvium presented as URS 
Drawing 47037827/1002, the majority of the proposed new road layout is parallel to the 
inferred direction of groundwater flow. For this reason, it is not anticipated that the 
diaphragm walls used to construct the underpasses or piles supporting retaining walls for 
the embankments will significantly hinder groundwater flow in these deposits. In addition, a 
calculation of expected vertical flow versus horizontal flow using the observed vertical and 
horizontal hydraulic gradients and derived vertical hydraulic conductivities (assuming that 
the horizontal conductivity is an order of magnitude higher), indicates that vertical flow may 
dominate over horizontal in this unit. 

Assuming that the fluvial deposits represent the principal water bearing unit perpendicular to 
the direction of groundwater flow that could potentially be intercepted, the width 
perpendicular to the direction of groundwater flow is taken from interpolated groundwater 
contours for the fluvial deposits (URS Drawing 47037827/1001 as approximately 400m.  
This is effectively the length of the section of the M2 to the north of the Dock Street Bridge 
(in the vicinity of BH201/BH202 where the fluvial deposits appear to pass into sand and silt) 
and the underpass directly below the M3. Given an estimated hydraulic gradient of 0.004 
and sample geometric mean transmissivity T of 3.7 m

2
/d, the estimated total groundwater 

discharge in the fluvial deposits beneath this section of the scheme is 6 m
3
/d. Based on the 

UCL for the population mean of 1,600 m
2
/d, the estimated groundwater discharge is 2,250 

m
3
/d. The wide range in flow estimates may suggest may suggest a large proportion of the 

total flow in the aquifer may be via coarser units, which may be unevenly distributed 
throughout the formation. 

Since the fluvial deposits appear to become increasingly fine grained to the south of this 
section and to be absent in BH227, it is not anticipated that groundwater flow in the fluvial 
deposits will be significantly hindered by the southern part of the scheme comprising the M3 
underpass. 

While the inferred direction of groundwater flow in the bedrock is broadly the same as that in 
the fluvial deposits, it is not anticipated that groundwater flow in the bedrock will be 
intercepted since no structures will be formed below rockhead. 

2.2.7 Water Balance Calculation 

The purpose of the water balance calculation in this section is to estimate direct recharge 
from precipitation to the fluvial deposits beneath the scheme area through the overlying 
estuarine deposits. This can be used to provide an order of magnitude check of estimated 
hydraulic parameters and/or to assess whether additional sources of recharge may be 
present. 

The area over which direct recharge to the fluvial deposits might be expected can be 
estimated from the groundwater contour plot (URS Drawing 47037827/1002) by constructing 
the groundwater capture zone enclosed by the southern part of the scheme running parallel 
to the direction of groundwater flow and the groundwater flow line perpendicular to the 
northernmost part of the scheme perpendicular to the direction of flow. Since the fluvial 
deposits appear to be largely absent to the west of York Street, this line can be taken as the 
western-most limit of the groundwater capture zone. The area enclosed by the groundwater 
capture zone is estimated to be approximately 60,000m

2
. 

The NIEA report the annual rainfall in Belfast is 891mm. In urban areas, the percentage of 
rainfall discharging to ground is typically similar to open vegetated areas due to the absence 
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of evapo-transpiration losses and considerable leakage from sewers 
11 

Based on the 
assumption that recharge represents 30% of rainfall, the minimum annual recharge to the 
fluvial deposits is therefore estimated as 16,000m

3
. This is equivalent to approximately 

40m
3
/d. Making the highly conservative assumption that 100% of annual rainfall reaches 

the fluvial aquifer (e.g. no evapo-transpiration loss from impervious surfaces and 100% loss 
from drains ), the estimated maximum recharge could potentially be as high as 150m

3
/d. 

The estimated direct groundwater recharge in the range 40 - 150m
3
/d compares with an 

estimated groundwater discharge based on the sample geometric mean of 6m
3
/d. As such 

all the groundwater discharge within the fluvial deposits could be derived from direct 
recharge. The discrepancy between the estimated groundwater discharge based on the 
sample geometric mean and the estimated range of direct recharge may imply that recharge 
is intercepted by other subsurface features (such as the low level combined sewer) or that 
the formation transmissivity is higher than implied by the geometric mean of the estimated 
values. The estimated groundwater recharge in the range 40 – 150 m

3
/d compares with a 

UCL for the mean population transmissivity of 2,250  m
3
/d. If the population mean 

transmissivity is more than an order of magnitude higher than the geometric mean of the 
current sample (6 m

3
/d), additional recharge, i.e. from bedrock where a hydraulic connection 

exists, may be present. The transmissivity of the fluvial aquifer can be further evaluated 
only by carrying out in situ transmissivity testing (e.g. rising head tests or pump tests) in 
boreholes screened in the fluvial aquifer. 

11 
Knipe, CV, Lloyd JW, Lerner DN and Gresswell, RB (1993) Rising Groundwater Levels in Birmingham 

and Engineering Implications. CIRIA Special Publication SP92 
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3. POTENTIAL IMPLICATIONS FOR SCHEME 

Based on the discussion in Section 2.2.6, it is considered that potential impacts on the 
hydrogeology in the vicinity of the proposed scheme will be limited mainly to groundwater 
flow in the fluvial sands and gravels. Changes in hydraulic head are considered likely in the 
vicinity of those parts of the scheme that run perpendicular to the inferred direction of 
groundwater flow. Based on URS Drawing 470378271/1001 showing interpolated 
groundwater contours for the fluvial deposits, the following scheme sections are considered 
relevant: 

•	 M2 – Westlink Underpass. Section to west and north of M3 on-slip. Identified as 
UP-001A on URS Drawing 470378271/1001.  The approximate length of this section 
perpendicular to the direction of groundwater flow is 150m. The underpass will be 
constructed with diaphragm walls advanced to competent strata below the fluvial 
sands and gravels. 

•	 M2 immediately south and north of Dock Street Bridge (BR-004). Embankment 
supported by retaining walls identified as RW017 and RW018 the south of Dock 
Street Bridge and RW022 to the north of Dock Street Bridge (URS Drawing 
470378271/1001). The approximate length of the section perpendicular to the 
direction of groundwater flow to the south of Dock Street Bridge is 150m while that 
to the north is approximately 200m. Based on the information from BH202, it has 
been assumed that the fluvial sands and gravels are absent to the north RW022. 
The retaining walls will be supported by piled foundations advanced to competent 
strata below the fluvial sands and gravels. 

The potential implications of the scheme on the local hydrogeology will depend on the extent 
to which diaphragm walls and piled structures intercept groundwater flow and the ability of 
the surrounding aquifer to accommodate any associated change in hydraulic head. A key 
consideration is the width of the section of fluvial aquifer perpendicular to the direction of 
groundwater flow intercepted relative to the width of the aquifer as a whole. 

The length of the M2 – Westlink underpass perpendicular to the direction of groundwater 
flow is approximately 150m. Assuming an aquifer transmissivity of 3.7m

2
/d to 1,600 m

2
/d 

(the geometric mean to the UCL for mean of the transmissivity estimates), and hydraulic 
gradient of 0.004, the groundwater flow through this section of the scheme is estimated to 
range between 2 m

3
/d to 960m

3
/d. The diaphragm walls will cut off this flow completely. In 

addition to groundwater intercepted by the diaphragm walls, groundwater may also be 
intercepted by piles supporting retaining walls. The estimated length of road perpendicular 
to the direction of groundwater flow in the fluvial sands and gravels supported by retaining 
walls is approximately 150m to the south and 200m to the north of Dock Street Bridge 
respectively. At present, it is understood that driven piles with a diameter of 300mm will be 
installed at approximately 1.5m centres. The number of piles required to support the 
retaining walls to the north and south of Dock Street Bridge is therefore approximately 230. 
Assuming a diameter of 300mm, their combined width is approximately 70m. 

It was noted in Section 2.2.6 that the estimated total width of the fluvial aquifer perpendicular 
to the direction of groundwater flow is 400m. Given the length of the underpass of 150m, 
approximately 3/8ths of the aquifer may be cut off completely. In addition, the 230 piles 
supporting the retaining walls may partially cut off a further 70m of the aquifer. In total, 
therefore, approximately 220m representing more than half of the width of the fluvial sand 
and gravel aquifer may be cut off by the combined length of the M2-Westlink underpass and 
retaining walls perpendicular to the direction of groundwater flow. While in principle, any 
groundwater intercepted could migrate to the north and south of the sections intercepted, 
the available aquifer width over which this could take place is only approximately 180m 
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(since sand and gravel deposits appear to be absent in the extreme north and extreme 
south of the scheme). 

From Darcy’s Law, a reduction in the aquifer width by one half requires that the hydraulic 
gradient be doubled to allow the same quantity of groundwater to pass through it. On this 
basis, it is considered that groundwater may back up behind the diaphragm walls potentially 
reversing the vertical hydraulic gradient. If groundwater were to by-pass the diaphragm 
walls to the north and south, a hydraulic gradient across the remaining section of the aquifer 
of at least twice that at present would be required to drive groundwater flow. Given the 
length of the fluvial aquifer to the west of the M2 of 150 – 200m, an average increase in 
hydraulic head in excess of 1m might be expected. A larger increase in hydraulic head 
might be expected if, for example, the transmissivity of the fluvial deposits to the north and 
south of the affected road sections is lower, e.g. due to greater fines content, than the 
central part of the fluvial aquifer. 

It should be noted that while estimates of the total flow through the fluvial aquifer of between 
6m

3
/d and 2,250m

3
/d (based on the geometric mean and UCL estimate of the mean 

formation transmissivity) have been made using empirical formulae based on gradings, the 
potential effects described in this section do not depend on the aquifer transmissivity. The 
same effect would be observed both in a highly productive aquifer and an aquifer of lower 
productivity. 

Given the potential change in groundwater head and hydraulic gradient in the fluvial 
deposits, changes may be transmitted to the other units including the estuarine deposits.  
This could result in an increase in the average groundwater elevation and resulting decrease 
in average groundwater depth (which is already shallow) although how and when this might 
manifest itself cannot be predicted at this stage. A groundwater flow model calibrated to in 
situ transmisssivity testing and long–term groundwater elevations is likely to be of 
assistance. 

Potential mitigations of the effects of changes in groundwater level in the estuarine deposits 
as a result of possible changes in head in the fluvial deposits may involve provision of 
additional drainage at shallow depth. Also, such drainage in combination with impervious 
surfaces will intercept rainfall recharge and reduce this component of the aquifer water 
balance and further aid in limiting any groundwater level changes. It should be noted, 
however, that the significance of any reduction in recharge through the estuarine deposits 
will depend on its contribution relative to possible recharge from the bedrock aquifer. 
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4. CONCLUSIONS 

Following the desk based assessment of the available information, the following conclusions 
were made: 

•	 The hydrogeology in the vicinity of the scheme is relatively complex. Three main 
hydrogeological units were identified as follows: 

o	 Groundwater in bedrock comprising sandstones belonging to the Sherwood 
Sandstone Group to the east and mudstones belonging to the Mercia 
Mudstone Group to the west; 

o	 Groundwater in fluvial deposits largely of sand and gravel. These are 
absent towards the west but thicken towards the east. They appear to 
become more silty/sandy to the north and south; 

o	 Groundwater in estuarine alluvium deposits (‘Belfast sleech’) 

•	 Generally there appears to be an upwards vertical hydraulic gradient into fluvial 
deposits from the deeper bedrock. There is therefore a potential for recharge of the 
fluvial sands and gravels from the bedrock. 

•	 There is a downwards vertical hydraulic gradient in the estuarine alluvium (sleech) 
to the fluvial deposits. 

•	 The direction of groundwater flow in the bedrock and fluvial deposits is broadly 
south-east. The direction of groundwater flow in the estuarine alluvium is broadly 
northeast. It is possible that the low level sewer running along Corporation Street 
influences groundwater flow in the superficial deposits (and potentially in the 
underlying fluvial deposits).  

•	 No in situ hydraulic conductivity testing has been undertaken. Hydraulic 
conductivities of the superficial groundwater units have therefore been estimated 
from empirical relationships, which are prone to error. The hydraulic conductivity of 
the estuarine alluvium is likely to be very low. Estimates of the hydraulic 
conductivity of the fluvial deposits based on gradings were highly variable. Loss of 
fines during drilling may affect the estimates, some of which appear high for the 
soils described. 

•	 The estimated geometric mean transmissivity of the fluvial sand and gravel deposits 
was 3.7m

2
/d. However, given the wide range in estimates based on individual 

gradings, there is considerable uncertainty in the population mean. An upper 
confidence level value for the population mean of 1,600m

2
/d was estimated. Based 

on Darcy’s Law and the available data, the groundwater flow in the sand and gravel 
unit perpendicular to the north-south section of the M2-West link underpass and 
retaining walls may range between 6m

3
/d and 2250 m

3
/d. 

•	 Based on the available information and proposed road layout, it is considered there 
is a potential for interception of groundwater flow within the fluvial deposits. It is 
estimated that more than one half of the available aquifer width will be intercepted.  
This may lead to back up of groundwater behind diaphragm walls and reversal of 
the vertical hydraulic gradient(s). The increased hydraulic head may be transmitted 
to the overlying estuarine deposits. Groundwater flow in the bedrock aquifer may 
also be affected where hydraulic connectivity is present. 
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•	 The potential hydrogeological effects described depend primarily on the width of the 
section of the aquifer intercepted in relation to the total aquifer width rather than on 
its hydraulic conductivity/transmissivity. However, reliable estimates of the aquifer 
transmissivity will be required for any subsequent groundwater flow modelling to 
assess the magnitude of any potential impacts.   

•	 Based on the available information, it is not known how or when any change in head 
in the fluvial deposits may manifest itself in the overlying estuarine alluvium. It is 
noted that groundwater levels in this unit are already shallow. 

•	 At this stage, it is considered that potential mitigation measures may include 
provision of additional drainage at shallow depth 

York Street Interchange/Hydrogeology 
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5. RECOMMENDATIONS 

The information presented above suggests that the proposed road scheme may lead to a 
change in the local hydrogeological regime, potentially affecting groundwater flow in the 
fluvial deposits leading to changes in the hydraulic gradient and increased hydraulic heads 
that may be transmitted to the overlying deposits. At present, however, it is not possible to 
quantify this further.  The following additional information is required: 

•	 Further routine groundwater level gauging of boreholes installed during the 
Causeway investigation. It is recommended that weekly monitoring be undertaken 
over several weeks.   

•	 In situ hydraulic testing of wells installed in the three hydrogeological units, i.e. the 
bedrock, the fluvial deposits and the estuarine alluvium. 

•	 Numerical groundwater modelling to test the effects of deep foundation structures 
on the groundwater flow regime and to quantify the potential implications of head 
changes in the fluvial deposits on groundwater levels in the estuarine alluvium. A 
simple groundwater model can be developed to represent the generally understood 
geological units and with simple boundaries evaluate current and affected 
groundwater flow regimes. Such modelling will be reliant on the accuracy of 
understood aquifer permeabilities and is best undertaken only after such data is 
available. The modelling will assist with the design of appropriate mitigation 
measures such as additional drainage at shallow depth. 
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Calculation of Spillage Risk 

a)   Probability of serious accidental spillage (Pspl) is given by: 

Serious Spillage Risk calculations 

The runoff from this section will be discharged to outfall structure in the quay wall of 
Belfast Harbour, immediately upstream (south) of Dargan Bridge 

Outfall to Belfast Harbour 

= RL x SS x (ADDT x 365 x 10
-9

) x (HGV%/100) Pspl 

Link 142 

Slip Road 

-9PINC = The probability of a spillage with an associated risk of a serious pollution incident occurring Pspl = 0.5 x 0.83 x  22981 x (365x10 ) x ( 6.4  / 100) = 0.0002228 

PSPL = Annual probability of a spillage with the potential to cause a serious spillage incident 

PPOL = The probability, given a spillage, that a serious pollution incident will result (based on Pspl  = 0.0002228 

sensitivity of watercourse and emergency services response time). 

RL = Road length in kilometres Link 157 

SS = Serious Spillage Rates Slip Road 

-9AADT =  Annual Average Daily Traffic (using Design Year 2031) Pspl = 0.42 x 0.83 x  33284 x (365x10 ) x ( 6.4  / 100) = 0.000271 

%HGV = Percentage of Heavy Goods Vehicles 

Pspl  = 0.000271 

Link AADT Road Description Total Length (m) Roundabout (m) Side road (m) Slip Road (m) Normal (m) 

142 22981 Slip road 500 0 0 500 0 

157 33284 Slip road 420 0 0 420 0 

400 48495 Slip road 120 0 0 120 0 

401 48495 Slip road 100 0 0 100 0 

402 47495 Slip road 290 0 0 290 0 

404 5383 Slip road 140 0 0 140 0 

405 5383 Slip road 50 0 0 50 0 

408 30077 Slip road 470 0 0 470 0 

410 17418 Slip road 320 0 0 320 0 

412 10679 Slip road 140 0 0 140 0 

424 12788 Slip road 150 0 0 150 0 

431 364 Slip road 160 0 0 160 0 

436 18914 Slip road 300 0 0 300 0 

444 14710 Slip road 310 0 0 310 0 

487 14710 Slip road 50 0 0 50 0 

0 0 0 0 

Link 400 

Slip Road 

-9Pspl = 0.12 x 0.83 x  48495 x (365x10 ) x ( 6.4  / 100) = 0.0001128 

Pspl  = 0.0001128 

Link 401 

Slip Road 

-9Pspl = 0.1 x 0.83 x  48495 x (365x10 ) x ( 6.4  / 100) = 9.403E-05 

Pspl  = 9.403E-05 

Link 402 

Slip Road 

-9Pspl = 0.29 x 0.83 x  47495 x (365x10 ) x ( 6.4  / 100) = 0.0002671 

Pspl  = 0.0002671 

Link 404 

Percentage HGVs 6.4 %  Slip Road 

Emergency Response time <20  minutes Pspl = 0.14 x 0.83 x  5383 x (365x10
-9

) x ( 6.4  / 100) = 1.461E-05 

Probability of serious pollution incident occurring (PPOL) SW 0.45 
(DMRB Volume 11, Section 3, Part 10, Table D.1.2) Pspl  = 1.461E-05 

Serious Spillage Rates (SS): - Link 405 
(DMRB Volume 11, Section 3, Part 10, Table D.1.1) Slip Road 

Road within 100m of Slip Road - 0.83 per Billion HGV km/year Pspl = 0.05 x 0.83 x  5383 x (365x10
-9

) x ( 6.4  / 100) = 5.218E-06 

Pspl  = 5.218E-06 



    

  

  

   

     

  

 

  

  

Link 408 Link 487 

Slip Road Slip Road 

-9 -9Pspl = 0.47 x 0.83 x 30077 x (365x10 ) x ( 6.4  / 100) = 0.000274 Pspl = 0.05 x 0.83 x 14710 x (365x10 ) x ( 6.4  / 100) = 1.4E-05 

Pspl  = 0.000274 Pspl  = 1.4E-05 

Link 410 

Slip Road 

-9Pspl = 0.32 x 0.83 x 17418 x (365x10 ) x ( 6.4  / 100) = 0.000108 

Pspl  = 0.000108 

Link 

Slip Road 

Pspl 

Link 

Slip Road 

Pspl 

412 

= 

424 

= 

0.14 

0.15 

x 

x 

0.83 

0.83 

x 

x 

10679 x (365x10
-9

) x ( 6.4  / 100) = 

Pspl  = 

12788 x (365x10
-9

) x ( 6.4  / 100) = 

2.9E-05 

2.9E-05 

3.72E-05 

Combined total annual probability of a spillage incident for all sections of road 

Pspl (Total) = 0.0016497 

Annual probability of a serious pollution incident: 

Link 

Slip Road 

Pspl 

Link 

Slip Road 

Pspl 

431 

= 

436 

= 

0.16 

0.3 

x 

x 

0.83 

0.83 

x 

x 

Pspl  = 

364 x (365x10
-9

) x ( 6.4  / 100) = 

Pspl  = 

18914 x (365x10
-9

) x ( 6.4  / 100) = 

3.72E-05 

1.13E-06 

1.13E-06 

0.00011 

PINC = PSPL (Total) x 

Surface = 0.00165 x 

Water = 0.00074 

= 0.07424 % 

Return Period (years) 

SW = 1347 

PPOL 

0.45 

Pspl  = 0.00011 

Link 

Slip Road 

Pspl 

444 

= 0.31 x 0.83 x 14710 x (365x10
-9

) x ( 6.4  / 100) = 8.84E-05 

Pspl  = 8.84E-05 
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APPENDIX 16: ROAD DRAINAGE & THE WATER ENVIRONMENT  

Annex C: Flood Risk Assessment 

ENVIRONMENTAL STATEMENT (VOLUME 2) 
January 2015 
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Where assessments of works or costs identified in this Report are made, such assessments are based upon the 
information available at the time and where appropriate are subject to further investigations or information which may 
become available.   

URS disclaim any undertaking or obligation to advise any person of any change in any matter affecting the Report, which 
may come or be brought to URS’ attention after the date of the Report. 

Certain statements made in the Report that are not historical facts may constitute estimates, projections or other forward-
looking statements and even though they are based on reasonable assumptions as of the date of the Report, such 
forward-looking statements by their nature involve risks and uncertainties that could cause actual results to differ 
materially from the results predicted. URS specifically does not guarantee or warrant any estimate or projections 
contained in this Report. 

Unless otherwise stated in this Report, the assessments made assume that the sites and facilities will continue to be 
used for their current purpose without significant changes.  

Where field investigations are carried out, these have been restricted to a level of detail required to meet the stated 
objectives of the services. The results of any measurements taken may vary spatially or with time and further 
confirmatory measurements should be made after any significant delay in issuing this Report. 

Costs may vary outside the ranges quoted.  Whilst cost estimates are provided for individual issues in this Report these 
are based upon information at the time which can be incomplete. Cost estimates for such issues may therefore vary from 
those provided. Where costs are supplied, these estimates should be considered in aggregate only. No reliance should 
be made in relation to any division of aggregate costs, including in relation to any issue, site or other subdivision. 

No allowance has been made for changes in prices or exchange rates or changes in any other conditions which may 
result in price fluctuations in the future. Where assessments of works or costs necessary to achieve compliance have 
been made, these are based upon measures which, in URS’ experience, could normally be negotiated with the relevant 
authorities under present legislation and enforcement practice, assuming a pro-active and reasonable approach by site 
management. 

Forecast cost estimates do not include such costs associated with any negotiations, appeals or other non-technical 
actions associated with the agreement on measures to meet the requirements of the authorities, nor are potential 
business loss and interruption costs considered that may be incurred as part of any technical measures. 

EU Disclaimer 

The sole responsibility of this publication lies with the author. The European Union is not responsible for any use that 
may be made of the information contained therein. 

Copyright 

© This Report is the copyright of Transport NI.  Any unauthorised reproduction or usage by any person other than the 
addressee is strictly prohibited. 

URS Project Number 

URS project number (up to 31 May 2011): S105296 
URS project number (from 31 May 2011): 47037827 
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Transport NI –  York Street Interchange 

1. INTRODUCTION 

A York Street Interchange is proposed by Transport NI as a long-term Strategic Road 
Improvement (SRI) scheme to improve links from the A12 Westlink, “the Westlink”, to the M2 
Motorway, “the M2”, and M3 Motorway, “the M3” in Belfast.  The existing at-grade signalised 
York Street junction links the Westlink, the M2 and the M3 through a complex arrangement of 
traffic signals that interface with the surface street network that includes York Street, York 
Link, Great George’s Street and Nelson Street.  Road users currently experience long delays 
and congestion at peak periods travelling through this signalised gyratory system.  The 
scheme is strategic in nature and is considered necessary in the longer term for the 
development of the Belfast Metropolitan Area (BMA) beyond 2015.   

The URS project team has developed a preliminary design for the Preferred Option through 
consultations with Transport NI and other various statutory and non-statutory bodies while, at 
the time preparing separate engineering, traffic and economic assessments.  The scheme 
proposes the full grade separation of movements between the Westlink, M2 and M3 via 
underpasses below the Lagan Bridge and Dargan Bridge and new bridges at York Street and 
Dock Street. 

York Street Interchange is located within a coastal floodplain and as a result a Flood Risk 
Assessment has been prepared to: 

 identify the risk of flooding to York Street Interchange 

 identify the impact York Street Interchange may have on flooding 

 identify proposed flood mitigation measures 

The Flood Risk Assessment has been prepared in accordance with guidelines contained 
within the Design Manual for Roads and Bridges (DMRB), Volume 11 Environmental 
Assessment, Section 3 Environmental Assessment Techniques, Part 10 HD45/09 Road 
Drainage and the Water Environment; and, DoE Planning Service, Planning Policy Statement 
15 (PPS 15) – Planning and Flood Risk: Annex D: Assessing Flood Risk and Drainage Impact. 

2. ROUTE OPTION DEVELOPMENT 

3. FLOOD RISK ASSESSMENT OVERVIEW 

3.1 Study Area 

3.2 Strategic Flood Map 

During the course of the Stage 1, 2 and Stage 3 Scheme Assessment processes, the 
vulnerability of the scheme to flooding from several (rivers, coastal, surface water) sources 
was assessed using information available from the DARD (NI) Rivers Agency Strategic Flood 
Map available online at: 

www.http://www.dardni.gov.uk/index/rivers/strategic-flood-map-ni.htm 

From the information available, York Street, Corporation Street and its environs appear to be 
located within the identified River floodplain and, more significantly, the Coastal (Sea) 
floodplain for River Lagan/Belfast Lough. 
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The River Flood Map provides an illustration of the approximate extents of river floodplains 
which are the relatively flat areas of land adjacent to rivers that are subject to periodic 
coverage by floodwater.  The outlines of the floodplains highlighted in the map identify the 
areas that in any year have a 1 in 100 or greater chance (1% Annual Exceedance Probability 
(AEP)) of flooding from a river.  The extents of the floodplains have been estimated using 
predictive computer modelling techniques that are commonly used as a decision support tool 
by flood defence authorities throughout the UK, Ireland and beyond.  As the predictive models 
cover the whole of Northern Ireland there are clear limitations associated with the 
methodology and data used.  These inevitably have an impact on the accuracy of the 
floodplain outlines. 

The Sea Flood Map provides an illustration of the approximate extent of the coastal 
floodplains which are the relatively flat areas of land around the shoreline that are subject to 
periodic coverage by the sea.  The outlines of the floodplains highlighted in the map identify 
the areas that in any year have a 1 in 200 or greater chance (0.5% Annual Exceedance 
Probability (AEP)) of flooding from the sea.  DARD (NI) Rivers Agency developed this 
floodplain using a computerised coastal model that simulates how extreme tides combine with 
storm surges and onshore waves to produce high water levels at 48 locations around the NI 
coastlines.  As the model is strategic in nature the flow characteristics of the inundation during 
a tidal cycle were not taken into account by DARD (NI) Rivers Agency in the predictions and 
therefore it is assumed that all areas below the predicted high water levels are inundated.  It 
should be noted that the original DARD (NI) Rivers Agency flood model was based on aerial 
LiDAR data of limited accuracy and so, only provides indicative guidance on general areas 
estimated to be prone to flooding. 

The Sea Flood Map assesses two distinct scenarios, namely Present Day (2009) and Climate 
Change (2030).  The Present Day scenario considers the 2009 extents of the coastal 
floodplains that have been estimated by the predictive model using input data that is 
representative of the current climate conditions and sea levels.  It is an accepted scientific fact 
that sea levels are rising and that this would increase the coastal flood risk.  Therefore, the 
Climate Change map scenario considers the estimated coastal floodplain outlines for the year 
2030 and has been based on the best available predictions for sea levels and storm surges at 
that time. 

3.2.1 Planning Policy Statement (PPS) 15 

The assessment process currently underway with respect to York Street Interchange being 
carried out by Transport NI, is progressing under the auspices of the Roads Order (1993). 

In carrying out the current study Transport NI consult, and seek to comply, with the 
requirements of other legislative bodies such as Planning Service. In this respect, the current 
policy on Planning and Flood Risk is set out in Planning Policy Statement PPS 15.  

Within this statement in the Policy FLD1 Development in Floodplains it states that: 

“Within floodplains the Department will not permit development unless it falls within one of the 
following exceptions or it is demonstrated that the proposal is of overriding regional 
importance” 

According to the regulation, a floodplain for a river is defined as the extent of a flood event with 
a 1% annual probability of exceeding the peak flood water level. This has been considered in 
the production of this report. 

It is understood that the proposed York Street Interchange would fall under the category of 
overriding regional importance (if deemed so by Planning and Local Government – formerly 
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Planning Service) and therefore development within the floodplain, subject to provision of 
suitable mitigation measures and agreement with DARD (NI) Rivers Agency and other 
relevant third party consultees, is permissible. 

Any development within the floodplain will require proposals to mitigate loss of flood storage 
capacity, the adoption of design and construction measures to minimise the impact of flooding 
and the provision of a safe means of evacuation from the area in the event of a flood 
occurring. 

3.2.2 Design Manual for Roads and Bridges (DMRB) 

DMRB HD 45/09 Road Drainage and the Water Environment outlines the requirements of the 
flood mitigation. HD 45/09 states under paragraph 2.37 that; Transport infrastructure in the 
functional floodplain must be designed and constructed to: 

1. 	 remain operational and safe for users in times of flood; 

2. 	 result in no net loss of floodplain storage; 

3. 	 not impede water flows; and 

4. 	 not increase flood risk elsewhere 

3.2.3 Assessing Flood Impacts 

HD 45/09 also states that a summary of the principal stages in the procedure for assessing 
potential flood impacts is given in Annex I, Method E (Hydrological Assessment of the Design 
of Floods) and Method F (Hydraulic Assessment). The most important decisions in the 
planning stages are as follows: 

	 to ensure that any route options which avoid floodplains are fully investigated; 

	 outline bridge designs may require alteration to achieve the no net afflux target. The cost 
effectiveness of achieving this should be compared to other options such as providing 
separate flood relief culverts; 

	 costs and benefits should be assessed when considering the need for compensatory flood 
storage, alternative measures to reduce floodwater levels or the protection of areas where 
the flood risk would otherwise be increased. 

In addition HD 45/09 also states that the provision of compensatory storage can have 
environmental impacts with regard to habitats. These impacts should be compared with the 
alternative impact of higher floodwater levels in the catchment. Consultation with NIEA will be 
required when assessing these impacts. 
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4. CRITERIA FOR ASSESSING IMPACT OF FLOODING AND MITIGATION MEASURES 

DMRB HD 45/09 Annex IV defines the format for reporting on the significance of potential 
flooding effects. DMRB HD 45/09 states when reporting the potential effects of a road project, 
Tables A4.1-A4.6 should be used as supported by the results of the assessment methods 
together with other technical and quantitative information sufficient to provide a transparent 
decision-making process. Tables A4.1 to A4.6 have been reproduced with reference to flood 
risk below as Table 1, Table 2, Table 3 & Table 4. 

Feature Attribute Indicator of Quality Possible Measure 

Floodplain Conveyance of flow 
Presence of floodplain 
Flood flows 

Developed area within 
extent of floodplain 
affected as determined 
from: 

Hydraulic modelling. 

Flood risk.  

Mean annual flood. 

Table 1 - Water Features: Attributes and Indicators of Quality (Table A4.1 in HD 45/09) 

Importance Criteria Typical Examples 

Very High 
Attribute has a high quality and 
rarity on regional or national 
scale 

Flood Risk: 

Floodplain or defence protecting more than 100 
residential properties from flooding 

High 
Attribute has a high quality and 
rarity on local scale 

Flood Risk: 

Floodplain or defence protecting between 1 and 
100 residential properties or industrial premises 
from flooding 

Medium 
Attribute has a medium quality 
and rarity on local scale 

Flood Risk:  

Floodplain or defence protecting 10 or fewer 
industrial properties from flooding 

Low 
Attribute has a low quality and 
rarity on local scale 

Flood Risk:  

Floodplain with limited constraints and a low 
probability of flooding of residential and industrial 
properties 

Table 2 – Estimating the Importance of Water Environment Attributes (Table A4.3 in HD 45/09) 

Magnitude Criteria Typical Example 

Major Adverse 
Results in loss of attribute and/or 
quality and integrity of the attribute 

Flood Risk: Increase of peak flood level (1% 
annual probability) > 100mm (Hydrological 
Assessment of Design Floods and Hydraulic 
Assessment, Methods E and F, Annex I) 

Moderate 
Adverse 

Results in effect on integrity of 
attribute, or loss of part of attribute 

Flood Risk: 

 Increase in peak flood level (1% annual 
probability) > 50mm 
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Magnitude Criteria Typical Example 

Minor Adverse 
Results in some measurable 
change in attributes quality or 
vulnerability 

Flood Risk:  

Increase in peak flood level (1% annual 
probability) > 10mm 

Negligible 
Results in effect on attribute, but of 
insufficient magnitude to affect the 
use or integrity. 

Flood Risk:  

Negligible change in peak flood level (1% 
annual probability) <+/- 10mm 

Minor Beneficial 
Results in some beneficial effect on 
attribute or a reduced risk of 
negative effect occurring 

Flood Risk:  

Reduction in peak flood level (1% annual 
probability) > 10mm 

Moderate 
Beneficial 

Results in moderate improvement of 
attribute quality 

Flood Risk:  

Reduction in peak flood level (1% annual 
probability) > 50mm 

Major Beneficial 
Results in major improvement of 
attribute quality 

Flood Risk:  

Reduction in peak flood level (1% annual 
probability) > 100mm 

Table 3 – Estimating the Magnitude of an impact on an Attribute (Table A4.4 in HD 45/09) 

Im
po

rt
an

ce
 o

f
A

ttr
ib

ut
e 

Very 
High 

Neutral Moderate/Large 
Large/Very large Very Large 

High Neutral Slight/Moderate Moderate/Large Large/Very Large 

Medium Neutral Slight Moderate Large 

Low Neutral Neutral Slight Slight/Moderate 

Negligible Minor Moderate Major 

Magnitude of Impact 

Table 4 – Estimating the Significance of Potential Effects (Table A4.5 in HD 45/09) 

Note: 

1. 	Potential effects can be either beneficial or adverse. Typical examples of potential 
beneficial/adverse effects are described in Table 5. The level of significance is to be 
assessed after consideration of any proposed mitigation i.e. significance is assigned with 
mitigation in place allowing for the positive contribution of all mitigation that is proposed. 
Particular care should be taken when considering beneficial effects to ensure the positive 
change is justified. 

2. 	 In some cases above the significance is shown as being one of two alternatives. In these 
cases a single description of significance should be decided based upon a reasoned 
judgement and, if necessary, consultation with DARD (NI) Rivers Agency. 
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Score Comment 

Very Large Adverse 

Flood Risk:  

An increase in peak flood levels (1% annual 
probability) > 100mm increasing the risk of 
flooding to > 100 residential properties 

Large Adverse 

Flood Risk: 

An increase in peak flood levels (1% annual 
probability) > 50mm increasing the risk of flooding 
to > 100 residential properties OR an increase of 
>100mm increasing the risk of flooding to 1-100 
residential properties. 

Moderate Adverse 

Flood Risk: 

An annual increase in peak flood level (1% annual 
probability ) > 10 mm resulting in an increased risk 
of flooding to > 100 residential properties OR an 
increase of > 50 mm resulting in an increased risk 
of flooding to 1-100 residential properties 

Slightly Adverse 

Flood Risk: 

An increase in peak flood level (1% annual 
probability) > 10mm resulting in an increased risk 
of flooding of fewer than 10 industrial properties 

Neutral 

Flood Risk: 

Negligible change in peak flood (1% annual 
probability) < +/- 10mm 

Slightly Beneficial 

Flood Risk: 

A reduction in peak flood level (1% annual 
probability) > 10mm resulting in a reduced risk of 
flooding to 1-100 residential properties 

Moderate Beneficial 

Flood Risk: 

A reduction in peak flood level (1% annual 
probability) > 10mm resulting in a reduced risk of 
flooding to > 100 residential properties OR a 
reduction of > 50mm resulting in a reduced risk of 
flooding to 1-100 residential properties 

Large Beneficial 

Flood Risk: 

A reduction in peak flood levels (1% annual 
probability) > 50mm, reducing the risk of flooding 
to > 100 residential properties OR a reduction of > 
100mm resulting in a reduced risk of flooding to 1-
100 residential properties. 

Table 5 – Qualifying Conditions for Overall Assessment Scores (Table A4.6 in HD 45/09) 

Refer to Section 7.8 of this report for Assessment of Significance of Impact on Flood Risk. 
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5. FLOOD RISK MODEL 

5.1 Model Geometry 

A two-dimensional hydraulic coastal and fluvial flood model for Belfast was constructed using 
InfoWorks RS (v14.0).  The model was commissioned by DARD (NI) Rivers Agency to identify 
the extent of coastal and fluvial flooding in Belfast. DARD (NI) Rivers Agency released the 
hydraulic model to Transport NI for the purpose of investigating the flooding at York Street. 

The model geometries include details of the River Lagan and Connswater River and a two 
dimensional mesh has been created to model the overland flow from coastal flooding.  The 
model does not include the effects of surface water flooding. 

5.2 Topographic Data 

Generally the topographical area has a gradual fall from west to east across the site, with 
carriageway levels of approximately 5.2 metres Above Ordnance Datum Belfast (mAOD) at 
North Queen Street reducing to approximately 2.9mAOD at York Street.  West to east across 
Great George’s Street, the area continues with this gradual fall, with carriageway levels at 
Little York Street approximately 2.8mAOD and at the Nelson Street/Great George’s Street 
junction, approximately 2.3mAOD.  Under the Lagan Bridge, the Corporation Street car park 
has a level of approximately 2.1mAOD, reducing to approximately 1.9mAOD at the western 
side of Corporation Street.  Levels at Dock Street are similar at approximately 1.8m AOD.  
Levels continue to drop east of Corporation Street, with a typical level of 1.6mAOD in the Pilot 
Street area. Levels at the Corry Road entrance to the Harbour Estate, however, increase 
slightly from its junction with Dock Street to approximately 2.5mAOD at the gate house to the 
port. The quay wall underneath the Lagan Bridge has a top of wall level of approximately 
3.05mAOD. 

Drawing No. YSI-URS-XX-XX-DR-DR-00200 in Appendix A illustrates the topography of the 
site, based on the scheme’s topographical survey. 

As part of the modelling the model utilises the LiDAR data contained within the model provided 
by DARD (NI) Rivers Agency.  However this information has been updated with more recent 
survey of the York Street area carried out for the purpose of the York Street Interchange. 

5.3 Coastal Flood Event Data 

The coastal event data has been provided by DARD (NI) Rivers Agency with the model.  All 
assessed scenarios are based on the 2030 climate change events details of these events are 
summarised in Figure 1 below. 
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Figure 1 – DARD (NI) Rivers Agency Belfast Coastal Flood Event Levels 
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6. EXTENT OF FLOODING 

Coastal\Fluvial Flooding 

After receipt of the model this was further refined by URS in proximity of the scheme using 
detailed topographical survey data. 

The hydraulic model was run to confirm the extent of flooding for the following coastal flood 

events which include 2030 climate change values: 


 10%AEP2030 (1 in 10 year) 


 2%AEP2030 (1 in 50 year) 


 1.33%AEP2030 (1 in 75 year) 


 1%AEP2030 (1 in 100 year) 


 0.5%AEP2030 (1 in 200 year) 


 0.1%AEP2030 (1in 1000 year) 


This analysis confirmed that the York Street Interchange would be susceptible to flooding for 
events in excess of a 1 in 50 year return period (2%AEP).  Drawing Nos. YSI-URS-XX-XX-DR-
DR-00201, YSI-URS-XX-XX-DR-DR-00202 and YSI-URS-XX-XX-DR-DR-00203 in Appendix 
A illustrate the potential extent of flooding for the above return periods.   

Table 6 summarise the model’s projected flood levels for the 2030 climate change scenarios 
at the positions shown on the drawings included in Appendix A. 

Table 6 - Existing 0.5%AEP (1 in 200 Year) flood levels at York Street Interchange 

Point Locations Q200 Flood Level (m AD) 

A2 Belfast 3.257 
Dock Street 3.261 
York Street 3.263 

Dock Street/Corporation Street 3.271 
Clarendon Dock 3.273 
Titanic Building 3.293 

Pilot Street 3.271 
Pumping Station 3.270 
Clarendon Road 3.269 

City Quay 3.270 
Nelson/Great Georges Street 3.265 

Corporation Street 3.267 
Nelson/Great Patrick Street 3.269 
Corporation/ Gamble Street 3.269 

Donegal Quay 3.266 
Odyssey Car Park 3.276 
Great Patrick St 3.269 

Brougham St 3.236 
York Street/Great George’s Street 3.269 
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6.2 Risk of flooding from Back Flow Drainage Routes 

With reference to surface water drainage, some limited areas of the site discharge to Belfast 
Lough via drainage conduits and therefore there is a risk of the area being affected by back 
flow drainage during a coastal flood event. It is noted however that the majority of the existing 
site is currently drained to the NI Water Low Level Sewer located in Corporation Street.  

The extent of flooding during this scenario has not been assessed as part of the flood risk 
assessment.  The effect of back flow drainage will be assessed as part of a separate drainage 
assessment for the York Street Interchange which will align with any flood mitigation 
proposals.  

7. YORK STREET INTERCHANGE FLOOD PROTECTION MEASURES 

The assessment of the flood risk has confirmed that the proposed York Street Interchange will 
be susceptible to flooding during events in excess of a 2%AEP event.  Without mitigation 
certain flood events could result in flooding of the proposed underpasses making these 
strategic road links impassable to vehicles for periods in advance of, during and after these 
flood events. As a result a number of flood protection measures have been incorporated into 
the proposed York Street Interchange to prevent inundation. Drawing No. YSI-URS-XX-XX-
DR-DR-00203 showing the York Street Interchange without mitigation measures is included in 
Appendix A. 

Details of the proposed flood protection measures are detailed further below and illustrated on 
Drawing No. YSI-URS-XX-XX-DR-DR-00207 in Appendix A. 

7.1 Flood Walls 

On the basis of the previous Stage 2 York Street Interchange design the vertical alignments of 
several links were potentially vulnerable to breach by the projected flood levels for 2030 
Climate Change scenarios.  These locations where the vertical alignments of links present a 
potential entry point for flood water are illustrated in Drawing No. YSI-URS-XX-XX-DR-DR-
00207 in Appendix A.  Some of the retaining walls proposed would be overtopped by flood 
water in extreme events therefore these wall heights were raised.  To prevent inundation of 
the underpasses a number of additional flood walls have been added to protect the 
underpasses at these locations. 

7.2 Removal of Entry Points 

As part of Stage 3 design development, a number of the road links have been revised and, in 
places, relocated to primarily address link and junction capacity issues.  Significantly, the 
former at-grade merge from Corporation Street which was proposed at Stage 2 has been 
replaced with a merge from Duncrue Street.  The subsequent introduction of this change by 
the design team has removed the potential entry point for flood water at Corporation Street. 

7.3 Temporary Flood Barrier 

The revised layout incorporates a connection between the M3 and Nelson Street desired by 
Transport NI Network Development Branch.  This connection presents a potential entry point 
into the underpass as a result of the proposed levels being lower at this location.  A number of 
options were considered to protect that underpass at this location and it was concluded that it 
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would not be possible to remove this entry point and maintain the link to the Nelson Street 
without changes to the scheme layout or its infrastructure.  

Subsequently a temporary flood barrier is to be incorporated into the proposed scheme to 
provide protection and remove the potential flood entry point. In addition as part of the 
temporary flood barrier proposal a flood risk management plan should be developed.  The 
purpose of the flood risk management plan would be to outline flood warning procedures, 
provide a safe work plan for erecting the temporary flood barrier, detail ownership and 
responsibility for the flood barrier as well as methods for safe storage, and outline procedures 
for closing Nelson Street. 

7.4 Flood Protection Level 

The level for flood protection of the underpass will be set to 3.9mAOD.  This level of protection 
would be sufficient to protect the underpass against a 0.5%AEP2030 (1 in 200 year) event 
plus approximately 600mm freeboard.  DARD (NI) Rivers Agency have accepted this 
proposal. 

7.5 Pumping Station 

A storm water pumping station will be required as part of the scheme to receive discharge of 
runoff from the low level areas including the underpasses.  Another key element to ensuring 
that the York Street Interchange underpasses will be protected from flooding will be to ensure 
any risk of pumping station failure is minimised and that the pumping station is suitably 
resilient during flood events.  To this extent the drainage design is being progressed on the 
basis that the continual operation of the pumping station will be achieved through provision of 
adequate infrastructure, standby generator with permanent fuel storage and that the base 
level of the pump controls and telemetry will be located above the 0.5%AEP flood level plus 
600mm. 

7.6 Level for Level Compensation 

Level for level compensation is not proposed as part of the scheme and has been discounted 
for a number of reasons.  Firstly the proposed York Street Interchange is situated within a 
coastal floodplain.  A coastal flood plain is a large water body and the effect of the infilling is 
negligible.  Secondly the area within which York Street Interchange is situated is low lying and 
relatively flat, as a result it would not be practical to provide level for level compensation within 
the adjacent area.  It was important that the potential impact of the scheme may have on flood 
levels was checked.  The hydraulic model was amended to take account of the proposed 
scheme and showed that infilling/removal of a limited area of the floodplain would have 
negligible effect during the design 0.5%AEP flood event and therefore level for level 
compensation would not be required, this has been demonstrated in Section 7.7. 

7.7 Impact of Flood Protection 

It is widely understood that construction within a coastal floodplain has minimal impact on the 
surrounding area due to the size of the water body.  Nevertheless the impact of the proposed 
flood protection measures for a 0.5%AEP2030 (1 in 200 year) event flood levels has been 
assessed.  The purpose of this assessment was to determine if the proposed underpass 
would have a negative effect on coastal flood levels within the surrounding area resulting in a 
higher risk of flooding.  To model the effects of the proposed underpass with flood protection 
measures the InfoWorks RS model was amended and a new ground model incorporated into 
the model. The results of the model are shown in Table 7 and plotted on Drawing No. YSI-
URS-XX-XX-DR-DR-00206 included in Appendix A. 
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Table 7 – Existing and Proposed 0.5%AEP (1 in 200 Year) flood levels at York Street Interchange

Point Locations 

Existing Q200 
Flood Level  

(m AD) 

Proposed Q200 
Flood Level  

(m AD) 

Difference 

(m) 

A2 Belfast 3.257 3.235 -0.022 
Dock Street 3.261 3.255 -0.006 
York Street 3.263 3.243 -0.020 

Dock Street/Corporation Street 3.271 3.278 0.007 
Clarendon Dock 3.273 3.281 0.008 
Titanic Building 3.293 3.294 0.001 

Pilot Street 3.271 3.277 0.006 
Pumping Station 3.270 3.259 -0.011 
Clarendon Road 3.269 3.260 -0.009 

City Quay 3.270 3.264 -0.006 
Nelson/Great Georges Street 3.265 3.254 -0.011 

Corporation Street 3.267 3.256 -0.011 
Nelson/Great Patrick Street 3.269 3.252 -0.017 
Corporation/ Gamble Street 3.269 3.254 -0.015 

Donegal Quay 3.266 3.255 -0.011 
Odyssey Car Park 3.276 3.274 -0.002 
Great Patrick St 3.269 3.259 -0.010 

Brougham St 3.236 3.236 0.000 
York Street/Great George’s Street 3.269 3.254 -0.015 

 

7.8 Assessment of Significance of Impact on Flood Risk  

Importance Criteria Typical Examples Project Specific 

Very High 

Attribute has a 
high quality 
and rarity on 
regional or 
national scale 

Flood Risk: 

Floodplain or defence protecting 
more than 100 residential properties 
from flooding 

Within the York Street Interchange 
area there are a large number of 
business premises, residential 
houses, offices blocks and 
infrastructure located within the 
Belfast coastal floodplain. 
Therefore the importance of the 
flood risk is Very High based on 
HD45/09 

 
Table 8 – Importance of Impact at York Street Interchange 
 

Magnitude Criteria Typical Example Project Specific 

Negligible 

Results in effect on 
attribute, but of 
insufficient magnitude 
to affect the use or 
integrity.  

Flood Risk:  

Negligible change in peak 
flood level (0.5 annual 
probability) <+/- 10mm 

As per Table 7 there is relatively 
little change in flood levels during a 
0.5%AEP event with the majority of 
points showing reductions in flood 
levels. As a result the magnitude is 
classified as Negligible in 
accordance with HD 45/09 

 
Table 9 – Magnitude of Impact at York Street Interchange 
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Very High Neutral Moderate/Large Large/Very large Very Large 

High Neutral Slight/Moderate Moderate/Large Large/Very Large 

Medium Neutral Slight Moderate Large 

Low Neutral Neutral Slight Slight/Moderate 

 
Negligible Minor Moderate Major 

Magnitude of Impact 

 
Table 10 –Significance of Potential Effects  
 

The importance and magnitude of the flood risk has been assessed in accordance with DMRB 
HD 45/09 as shown in Table 8 Table 9 &Table 10.  DMRB HD 45/09 defines the significance 
of the flood risk as Neutral for the proposed scheme. 
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8. CONCLUSION 

The scheme is located in the coastal floodplain and without flood protection measures the 
proposed underpasses would be susceptible to flooding for events in excess of a 2%AEP (1 in 
50 year) flood event.  This would lead to the requirement to close the Westlink to M3, M2 to 
Westlink and M3 to Westlink strategic road linkages for periods in advance of, during and after 
certain flood events.   In addition to the inconvenience caused to road users and emergency 
services there would also be potential health and safety implications during the flood and 
clean-up costs after the events. 

It is proposed that scheme flood retaining walls will be provided and ramp approaches will be 
sufficiently raised to reduce the risk of flood water ingress to underpasses.  Furthermore a 
temporary flood barrier is proposed at the connection between the M3 and Nelson Street.  
New drainage infrastructure will be designed in such a way so as to prevent back flow routes 
occurring into underpasses during flood events.  The storm water pumping station will be 
designed with resilience measures and protection to reduce risk of failure. 

The impact of the proposed flood protection measures has been assessed for the 0.5%AEP (1 
in 200 year) flood event using the InfoWorks RS model.  This showed that the proposed York 
Street Interchange with flood protection measures would have negligible increase in flood 
levels.  As a result the impact of the proposed road scheme has been assessed as neutral 
under DMRB H45/09. 

 

Recommendations for Further Assessment and Opportunities 

 Potential impacts of back flow/flow entry routes into the areas which are to be protected from 
flooding should be avoided 

 A flood response plan including the deployment of the temporary barrier for York Street 
Interchange needs to be agreed between Transport NI and DARD (NI) Rivers Agency 

 A Departure from Standard (HD45/09; Chapter 2.37 (ii)) will be required 

 DARD (NI) Rivers Agency are currently reviewing flood protection measures for Belfast City 
Centre. The York Street Interchange scheme offers a potential opportunity to become part of 
a greater flood protection scheme for Belfast City Centre and DARD (NI) Rivers Agency 
have recognised that through consultations.
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Note: Design minimum top of wall level, on-ramp finished road

level and top of temporary flood barrier level = 3.9mAOD

Key:

Increased retaining wall height*

Additional flood walls*

Raised road alignments*

Temporary flood barriers

* = in comparison to Stage 2 Option C Alignment


