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7. HYDRODYNAMICS AND ESTUARINE PROCESSES
7.1 Introduction

711 The Project has the potential to change the way that water moves around within the Mersey
Estuary (hydrodynamic regime). This arises due to the placement of the bridge piers and towers
in the Estuary and from temporary structures embedded in the Estuary during construction. The
Project has the potential to affect current speeds and direction, water levels, the duration of
slack water and tidal propagation within the Estuary system.

7.1.2 The hydrodynamics and morphology of an estuary are permanently joined in an iterative
relationship. The flow of water around an estuary provides the force which moves sediment and
consequently alters the form and shape of an estuary. Simultaneously however, the form and
shape of an estuary direct and influence the flow of water. The non-uniformity of sediment within
an estuary and the variable characteristics of water movement, dictated for example by tides
and fluvial events, create a dynamic system in which channel movement and flow patterns are
always changing in a complex relationship. Thus any changes in the flow pattern, or
hydrodynamics, caused by the construction of a bridge or subsequently during its operational
life, will be seen in physical changes in the morphology of an estuary. The degree of this
change will depend on the forces involved and the chaotic nature of the influences on the
estuary.

7.13 It is through this mechanism that the potential exists for effects on the Silver Jubilee Bridge
(SJB), the railway bridge, the saltmarsh edges, the Special Protection Area (SPA) downstream
of Runcorn Gap, the Manchester Ship Canal and other nearby structures.

7.14 Changes to the hydrodynamic regime of the Estuary could give rise to potential effects on a
number of receptors, for example changes to the integrity of the saltmarsh could affect ecology
and landscape. A change in the hydrodynamics or morphology of the Estuary itself has no
intrinsic positive or negative value. This assessment comes when the impact of the change is
considered upon relevant receptors. Consequently hydrodynamics and estuarine processes of
the estuary have been assessed as pathways. The outcomes of this assessment inform other
assessments reported in this ES. It is in these other assessments that the effects of the Project
are assessed and implications for mitigation measures identified. The work described in this
Chapter and the appended detailed reports provides data for the following Chapters:

Terrestrial and Avian Ecology;

Aquatic Ecology;

Surface Water Quality;

Landscape and Visual Amenity;

Contamination of Soils, Sediments and Groundwater; and
Navigation.

~ooo0oTp

7.15 This Chapter describes the existing environment of the potentially affected areas with respect to
the morphological and hydrodynamic regime and assesses the predicted effects of the
construction and operation of the Project on the various aspects of this regime.

7.1.6 Objectives of this Chapter are:
a. To provide a baseline for estuarine morphology and hydrodynamic processes so that
potential changes can be identified and used for assessment and monitoring; and
b. To evaluate the likely significant environmental changes to the baseline characteristics

from the construction and continued presence of the structures of the New Bridge (piers
and towers) in the Estuary.
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7.1.7 The baseline will consider the whole Estuary in outline, but will focus in detail on the Study Area
as shown in Figure 7.1. This baseline assessment will include an investigation of the changes in
morphology due to naturally occurring events in order to place any changes predicted from the
Project in the context of the magnitude and rate of natural changes.

Figure 7.1 - The Mersey Estuary

7.1.8 This Chapter aims to determine the effects of the New Bridge on:
a. Flood defences;
b. Intertidal areas and saltmarshes;
c. The characteristic dynamic nature of the Estuary, in particular the frequent migration of
low water channels;
d. The potential for channels to ‘attach’ (remain permanently located next) to structures

within the Estuary and thus change the chaotic character of sediment movement within
the Study Area;

e. The SPA and Ramsar site downstream of Runcorn, designated due to the large areas of
saltmarsh and extensive intertidal sand- and mud-flats which provide feeding and roosting
sites for large populations of waterbirds; and

f. Existing structures, in particular the Manchester Ship Canal and the existing bridges at
the Runcorn Gap.

7.1.9 In addition, estimates are made of the potential for scour around the proposed structures of the
New Bridge and the effect this may have on channel migration and the adjacent saltmarsh
edges.

7.1.10 This Chapter also considers the implications of the hydrodynamic regime on the construction
methods which may be used and for certain elements of the design for the New Bridge and its
approaches.

7.111 This Chapter makes no attempt to identify whether changes to the hydrodynamic regime and
associated morphological effects are in themselves positive or negative. This Chapter simply
identifies those elements of the estuarine environment which will undergo change and states

The Mersey Gateway Project Chapter 7.0
Environmental Statement 1.0 Page 7.4 Hydrodynamics and Estuarine Processes



whether these changes are significant in comparison to natural changes occurring within the
Estuary.

Structure of this Chapter

7.1.12 A number of methods have been used to investigate the existing nature of the Estuary and the
possible effects of the New Bridge. Within this Chapter each method is discussed separately for
clarity. However it is important to understand that each method provides different aspects of the
overall assessment, with some methods identifying the baseline while others look at some
aspect of the effect of the New Bridge. The different methods used and their purposes are
briefly identified below together with the Section of this Chapter in which they can be found.
Diagram 7.1 shows this in a graphical form.

a. Literature Search: A search for background information on the Estuary, structures
constructed in similar tidal situations within estuaries with a highly mobile bed and specific
impacts associated with scour. This information was used to prepare Section 7.3 and is
referred to, as necessary, throughout the assessment;

b. Long Term Morphology. Assessment of the patterns of channel movement based on
historic records and published information. This information was collected to set the
assessment in context and assist in providing the baseline (see Section 7.4);

C. Short Term Morphology: Assessment of the patterns of channel movement based on
information gathered during this study. This data again provides detail of the existing
situation to assist with establishing the baseline (see Section 7.5);

d. Computational Modelling: Modelling of the existing and proposed situations to identify
existing values for water velocities, water levels, bed shear stress, erosion of bed material
and deposition of bed material in the Upper Estuary and the effects of the New Bridge on
these. This modelling establishes a baseline position and then identifies the
hydrodynamic and morphological changes that result from the construction and operation
of the New Bridge. This was done by running hydrodynamic models of the estuary for a
given scenario of tidal and fluvial flows with and without the presence of the New Bridge
structure or the temporary construction structures. The results were compared and the
differences in predicted values of the set of chosen parameters were noted. These
differences form the basis of the assessment. As a continuation of this work, a flat bed
model was used to verify that the model could reasonably reflect the formation of
channels typically seen within the estuary and to investigate the likelihood of channels
attaching to the new structure (see Sections 7.6 to 7.9);

e. Tidal Residual Modelling: The residuals within the hydrodynamic computational model
were used to assess the effects of the shape of the tower structure and the spacing of
these structures on the potential for channel realignment and attachment. (see Section
7.10);

f. Local Scour: Estimating scour local to the bridge towers using published formulae and
output from physical modelling carried out by University College, London to assist in
identifying the localised effects of the New Bridge(see Section 7.11);

g. Physical Modelling of Estuary: This was undertaken to assist in understanding of
estuarine processes within the Study Area and compare observations of the physical
model with the findings of the computational modelling (see Section 7.12); and

h. Wave Action: Investigating the extent of wave action and the likely effect on any changes
to the morphology that wave action may cause (see Section 7.13).

7.1.13 The results from all the different investigations have then been considered together to assess
the effects of the New Bridge and provide details of management and monitoring requirements
and conclusions (see Sections 7.14 to 7.16).
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Diagram 7.1 Process Used to Investigate Hydrodynamic and Estuarine Processes
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7.2 Project Description

7.21 The Project involves a large number of structures and engineered aspects across a wide area.
However, only the construction of the New Bridge and its approaches has any relevance to a
consideration of the hydrodynamics and morphology of the Estuary. Further details of all the
construction proposals are given in the Construction Methods Report (Appendix 2.1). Although
there are changes proposed to the use and approaches of the SJB, there are no changes to the
footprint of the structure within the Estuary and therefore there will be no effects on the
hydrodynamic regime resulting from this.

7.2.2 The supports for the permanent bridge structure will comprise three circular towers each about
10m in diameter, located in the intertidal part of the Estuary in the Study Area and thirty
rectangular plate bridge piers each about 5m x 2m located on the saltmarsh areas.

723 The towers will be founded on a base of about 24m diameter base set at a level beneath the
predicted depth of scour. In order to construct this, a temporary 30m diameter cofferdam will be
formed at each tower location.

7.2.4 In addition, it is proposed that for the construction phase of the permanent works, an aligned
temporary jetty will be constructed parallel to the New Bridge. This will cross the Estuary from
the north saltmarsh to the location of the central tower cofferdam. A separate similar temporary
jetty will be constructed from the south saltmarsh to provide access to the position of the
southern tower.

7.25 At each tower position, two short, finger jetties will be constructed from the aligned jetty to
provide access to each side of the cofferdam.

7.2.6 The temporary jetty structure will consist of piles of about 500mm diameter piles at about 5m
centres with about 12m between each pair of piles. The deck will be set at a level such that the
soffit will provide some freeboard to the highest extreme tide thus ensuring that the deck does
not impact on the tidal flows within the Estuary.

7.2.7 A temporary piled structure will also be needed to carry a crane for the construction of each
tower. This will be positioned in the Estuary in-line with the cofferdam in the ‘normal’ direction of
flow of the nearest channel so that the impact of the additional piling will be masked by the
effects stemming from the tower cofferdam.

7.2.8 Access across the saltmarshes will be provided from a temporary stone causeway formed on
the surface of the saltmarsh. It will be constructed to a level to provide access during all but the
highest spring tides. This will connect to the aligned jetty.

7.2.9 Each of the approach piers within the saltmarshes would require a cofferdam of about 12m x
14m rectangular cofferdam. It has been assumed that the maximum number of piers under
construction at any one time would be six and that these would each take three months to
complete. It is possible that the temporary structures required for the construction of the towers
will be in place for a period of up to two years duration.

7.2.10 All of the temporary structures will be completely removed when these are no longer needed for
the construction of the works. Any re-instatement works will then be undertaken.

7.211 Hover platforms may also be used to deliver materials to the construction site. However, these
have no impact on the hydrodynamics of the Estuary and will not be considered further in this
Chapter.
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7.3 Description of the Mersey Estuary and the Study Area
Location

7.3.1 The Estuary is sited on the northwest coast of England north and east of the Dee estuary
(Figure 7.1). The Estuary extends from Liverpool Bay at the mouth, to the tidal limit at Howley
Weir (Warrington), some 48km upstream. The River Mersey is one of five main river systems
draining Northern England (Ref. 1).

Palaeohydrological Context

7.3.2 It is generally accepted that the major drainage alignment of the Estuary developed during the
Tertiary period. The modern river has developed since the retreat of the Devensian ice sheet
between 16,000 and 14,000 Before Present (BP) and is, therefore, of late Pleistocene age. In
the early Holocene (circa 7000-5000 BP) post-glacial temperate climates meant that the land
surface of the Mersey catchment became colonised by deciduous woodland, leading to
stabilisation of a previously unstable landscape. However, the increasing influence of man led
to deforestation in the later Holocene, with woodland becoming replaced with open moorland
vegetation types, (Ref. 2). Finally, during historic times, rich oak woodlands in the lowland part
of the catchment were replaced with agricultural land.

7.33 Adjustment to Holocene water and sediment regimes led to the incision of Pleistocene glacial
and periglacial deposits, with the formation of terraces in parts of the catchment (Ref. 3). The
Estuary itself was formed about 5000 BP as sea levels rose to their near present levels.
Sediments were transported to the Estuary, particularly from the uplands.

7.3.4 The geology underlying the Estuary is alluvium overlying Glacial Till, which in turn overlies
Bunter Upper Mottled Sandstone and/or Pebble Beds of the Triassic System (Ref. 4). The
mouth of the Estuary is constrained by the underlying bedrock. The southern coastal zone
between the Estuary and the Dee estuary is composed of a low-lying alluvial plain, much of
which was formerly marshland, whilst the northern coastline has an extensive sand dune
system extending from Crosby northward (Ref. 5).

7.35 The Estuary has an unusual bottle-shaped plan-form, with a narrow deep entrance channel (the
Narrows), owing its existence to the underlying geology. This opens into a shallow wide inner
basin of shifting banks and channels, which in turn leads, via a further narrowing at Runcorn
Gap, to a meandering river stage further upstream.

Characteristics of Sections of the Estuary

7.3.6 The Estuary can be divided into four regions (Figure 7.1):
a. The Outer Mersey (New Brighton to the seaward extent of the Training Walls);
b. The Narrows (Dingle Point to New Brighton);
c. The Middle Mersey (Hale Head to Dingle Point);
d. The Upper Mersey (Howley Weir to Hale Head), (which includes the Study Area).

The Outer Mersey (the seaward extent of the Training Walls to New Brighton)

7.3.7 As can be seen from Figure 7.2, the Outer Mersey is characterised by a trained channel, which
crosses a region containing a number of sand banks. The Outer Mersey will not be discussed
in detail within this report as no effects from the Project extend this far.
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Figure 7.2 - Characteristics of the Outer Mersey Estuary

The Narrows (New Brighton to Dingle Point)

7.3.8 At the mouth of the Estuary near Liverpool, the ‘Narrows’ represent a geological constraint to
the Estuary system, with the bedrock preventing any further expansion of the channel. The
Narrows stretch for about 10km, have a width of approximately 1 km, a mean depth of 15m and
some depths in excess of 20m. The Narrows are subjected to high tidal currents, which can
exceed 3m/s, and scour the bed down to rock and gravel.

The Middle Mersey (Dingle Point to Hale Head)

7.3.9 The Middle Mersey has similar characteristics to the Upper Mersey, consisting predominantly of
intertidal banks, composed of sand/silt, with saltmarshes on the surrounding shores. This area
is designated as a Special Protection Area (SPA), Site of Special Scientific Interest (SSSI),
Ramsar Site and European Marine Site. At low tide this reach almost completely dries out due
to the large tidal range. There are typically three channels that meander through this reach.

7.3.10 Many of the Estuary’s major freshwater sources enter the Middle Mersey adding to the already
complex channel flow patterns. On the north bank, Ditton Brook enters the Estuary just
downstream of the SJB. On the south bank, the Manchester Ship Canal and the River Weaver
enter the Estuary at Weaver Bend via the Weaver Sluices. The Weaver Sluices only operate
when water levels in the river/canal system exceed a certain level. The discharge from the
sluices flows around Ince Banks into the Estuary. The resulting flow predominantly travels down
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7.3.11

7.3.12

7.3.13

7.3.14

The Mersey Gateway Project

the northern Garston Channel. Pye and Van de Wal (Ref. 6) suggest that the northern Garston
Channel and the Middle Mersey channels have a tendency to switch in dominance periodically.
The River Gowy enters the Estuary on the downstream side of Ince Banks, and flows down the
southern Eastham Channel where it joins water entering from the Manchester Ship Canal via
Eastham locks.

The Upper Mersey (Hale Head to Howley Weir)

The upstream end of the Upper Mersey is Howley Weir, which is the tidal limit of the Estuary.
The Upper Mersey consists of a highly mobile sand/mudflat area, parts of which are exposed in
all but the highest tides. The whole area is relatively shallow in depth and is periodically
reworked by actively migrating low water channels. The tidal cycle is significantly affected by
the geological formation that creates the Runcorn Gap constriction. The majority of the north
and south banks are covered with saltmarshes, which are only inundated at times of peak tides.

The Study Area for the New Bridge falls within the Upper Mersey approximately 31km from the
mouth of the Estuary to 10km downstream from the tidal limit. It is situated between Runcorn
Gap (with the SJB) in the west and the Fiddler's Ferry in the east. The town of Runcorn is
located to the south of the area, whilst Widnes lies to the north.

The Study Area is characterised by the chaotic movement of channels, sand bars and intertidal
banks. These features change on each tide and, on occasion, the changes can be substantial.
There are two areas of intertidal saltmarsh habitat; Astmoor Saltmarsh and Cuerdley Marsh,
which lie on the southern and northern banks respectively. The majority of Cuerdley Marsh has
been reclaimed and now sites Fiddler's Ferry Power Station Lagoons. The intertidal area is
classified as a Grade A Site of Biological Importance (SBI). It includes the Astmoor Saltmarsh,
Widnes Warth Saltmarsh, St Helens Canal, Fiddler's Ferry Power Station lagoons and Cuerdley
Marsh (Figure 7.3).

Figure 7.3 - Study Area for the New Bridge

Tidal Cycle

The Estuary is subject to a semi-diurnal macrotidal regime, and has one of the largest tidal
ranges in Britain. The mean spring tide range is 9m at Eastham, decreasing to 4.5m at Widnes,
and 2.9m at Fiddler's Ferry. The tide gauge at Widnes indicates a tidal range of 4.5m during
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spring tides, and 2.6m during neap tides. At low water, much of the area dries and flow in the
channels is dominated by seaward flowing fluvial water.

7.3.15 Analysis of the seven tidal gauges in the Estuary (Table 7.1) illustrates that from the Narrows
moving upstream to Eastham, there is a tidal amplification effect, which increases tidal range.
This amplification effect is illustrated in Figure 7.4 using three datasets from the three tidal
gauges situated in the Narrows.

Table 7.1 - Tidal Data Obtained from Admiralty Charts (Chart 1 and Chart 2)

: Height in m Height in m

Distance

i Lat. Long. | above Chart above Chart Datum
Place Datum Datum relative

Mouth

(km) to ODN

N w MHWS | MHWN | MLWN [ MLWS

Gladstone , ,
Dock 0 53 27 301 9.2 7.3 2.9 0.8 -4.93m
Liverpool , ,
(Alfred Dock) 5 53 24 301 9.3 7.4 2.9 0.9 - 4.90m
Eastham 12 53 19’ 257 |96 7.5 2.8 0.6 -4.93m
Hale Head 21 53 19’ 248 | 6.9 4.9 - - -2.00m
Widnes 26 53 21’ 244 |51 3.0 0.4 0.6 0.00m
Fiddler's Ferry | 31 53 22 239 |34 11 0.5 0.5 2.00m
Warrington 38 53 23’ 236 |27 - - - 2.90m

Figure 7.4 - Tidal Amplification

7.3.16 The Estuary is generally flood dominant with the ebb having a slightly longer phase compared to
the flood. At Liverpool the ebb is 6.75 hours, whilst the flood is 5.5 hours. However, previous

The Mersey Gateway Project
Environmental Statement 1.0

Page 7.11

Chapter 7.0

Hydrodynamics and Estuarine Processes



work indicates that the Estuary may be becoming less flood dominant overall, showing an
increased tendency to ebb dominance towards the mouth, whilst becoming more flood dominant
in the Inner reaches (Ref. 7).

7.3.17 The narrowing of the Estuary at Runcorn Gap contributes to a significant change in the tides
within the Study Area. The tidal cycle has a pronounced asymmetry; the flood tide filling the
Upper Estuary in approximately 2 hours, whilst the ebb tide takes approximately 10 hours to
retreat. This is demonstrated in Figure 7.5.

Figure 7.5 - Changes in tide elevation along the Estuary

Tidal bore

7.3.18 The tidal bore on the River is most prominent when very high tides are expected, (above 10
metres CD at Liverpool), which occurs on only a few days each year. However, lower tides can
produce tidal bores if other factors are favourable such as a period of dry weather reducing
fresh water flow in the rivers. The River bore may be seen opposite Hale Point about 2hr 25 min
before HW Liverpool. From the park at Widnes West Bank it may be seen passing under the
Runcorn road and rail bridges about 1hr 50min before HW Liverpool. Under good conditions the
bore may be seen as far as Warrington passing under the rail bridge south of Bank Quay station
about 20 min before HW Liverpool. It passes rapidly upstream and arrives at Howley Weir just
before HW Liverpool.

Fluvial Inputs

7.3.19 For its size, the Estuary has a relatively low freshwater input. A typical freshwater flow from the
River is 66m°/s whilst the tidal influx into the Narrows is 2000m®/s during a spring tide (Ref. 8).

7.3.20 Table 7.2 displays the modal flow in the main freshwater inputs to the Estuary. However, these
freshwater flows vary seasonally from 25 - 200 m*/s (Ref. 9), with flood flows exceeding 1200
m%s (Ref. 10).
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Table 7.2 - Modal flows for Fresh Water Inputs to the Estuary (from Ref. 11)

Fresh Water Input Modal Flow m°/s
Mersey (at Westy) 37.22

Weaver (at Pickerings Cut) 16.55

Sankey Brook (at Causey Bridge) 2.61

Ditton Brook (at Greens Bridge) 1.38

River Gowy (at Picton) 1.23

Total 58.99

Mixing of salt water and fresh water within the Estuary

7.3.21 The Mersey is a well-mixed estuary due to high tidal current velocities and relatively low
freshwater inputs. Prandle & Lane (Ref. 9) calculated the mean flow ratio (volume of freshwater
flow - 12.42 hr / volume between low and high water) of approximately 0.01, indicating well-
mixed conditions. However, Prandle & Lane (Ref. 9) also state that in certain sections during
part of the tidal cycle, the Estuary may become patrtially mixed.

Estuary Form

7.3.22 A number of the Estuary properties are summarised in Table 7.3.

Table 7.3 - Summary of the Estuary Properties

Property Values for the Mersey
Lengthslfrom mouth of To Runcorn Sandsz, 33km; to tidal limit at Howley Wier, 48km.
Estuary
Total volume at MHW = 881 Mm®
Volumes® Total volume at MLW = 164 Mm®

Total volume at MTL = 392 Mm?®

Widths and depths

Width of the Narrows = 1.5 km (at mouth —¥®reduces to ~ 800m at Pier
Head)

Average depth at the Narrows = 15m
Max. width of Middle Mersey = 4.0km
Max width of Upper Estuary = 1.3km

Areas”

The total area of the Estuary = 8,914ha
The intertidal area = 5,606 ha

taken to be at grid reference SJ 314954 at the apex of a political boundary (see Map 1)
taken to be at grid reference SJ 520839 at the apex of a political boundary (see Map 2)
obtained from Ref. 12

obtained from Ref. 4

Sediment Sources

7.3.23 The two main sediment sources for the Estuary are:

a. Marine sources from the glacial and fluvioglacial deposits covering large parts of the
eastern Irish seabed; and
b. Fluvial sources from the rivers.
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7.3.24 The Estuary is sensitive to morphological change (in particular at the mouth of the Estuary)
although parts of the system are confined by geology and (in some places) bank protection and
seawalls (Ref. 13).

7.3.25 Previous work indicates that marine sources of sediment are the most dominant, with O’Connor
(Ref. 14) estimating that over 1,000,000m*/year of sediment has been delivered to the Estuary
since the turn of the century. Price & Kendrick (Ref. 15) concluded that the mechanism for
sediment transport from these offshore sources is via density stratification, which causes a net
inland movement along the bed. Heaps (Ref. 16) also demonstrated that small density
gradients found in the near-shore regions contribute to the net landward drift of near-bed water
and sediments in Liverpool Bay.

7.3.26 Although the fluvial sources are believed to be small compared with offshore sources, the
magnitude and duration of freshwater inputs may affect the lateral migration of low water
channels in the Upper and Middle Mersey (Ref. 17). Additionally, localised erosion of the Ince
Banks region and Dungeon Bay (for locations see Figure 7.1) has provided a recent source of
sediment; however, this quantity is very small compared to marine sources (Ref. 10).

7.3.27 The exact balance of marine versus fluvial sediment sources in the Study Area is not clear.
Although the Estuary as a whole is considered to be heavily influenced by marine sediment
sources, the distance of the Study Area from the mouth of the Estuary may mean that these
have a less prominent role and that fluvial sources are more significant. Field data from 1955-
1965 (Ref. 14) found that the average yearly volumes of sediment were as follows:

a. Sand influx (S,) = 1.85 Mm®/yr - no dredging influence;
b. Siltinflux (SS,) = 2.43 Mm®/yr - no dredging influence; and
C. River influx (S;) =0.04 Mm3/yr.

7.3.28 The River has always been thought of as an accreting estuary and up until very recently there
has been significant accretion taking place within most sections. However, work by Thomas
(Ref. 7; Ref. 10) suggests that the Estuary may be entering a new state of morphological
equilibrium with little overall estuary capacity change. Thomas (Ref. 10) also noted that although
capacity change has stabilised, there is a substantial amount of sediment redistribution
particularly within the Middle Mersey around Ince and Stanlow Banks and Dungeon Bay. In
these areas, post 1956 surveys indicate periods of significant erosion and accretion.

7.3.29 Based on these characteristics of the Estuary, it is reasoned that in the Study Area the fluvial
input is low based on the differences between tidal discharge and fluvial discharge, and that
sediment transport is therefore likely to be flood dominant.

Anthropogenic Influences

7.3.30 There have been a number of significant anthropogenic modifications to the Estuary over the
last few centuries (detailed in Table 7.4). The main activities include dredging of channels for
navigation and the construction of training walls and other structures.

Dredging

7.3.31 Dredging started in 1833 to provide access to the Ports of Liverpool and Birkenhead. However,
regular dredging of the channel only commenced after 1890 and, by the time of training wall
construction in 1909, significant dredging was needed to maintain the approaches to the port of
Liverpool. Volumes of material removed through dredging peaked between 1912 and 1950,
removing 320 Mm?® (8.4 Mm?® per year) in comparison to the 100 Mm? between 1950 and 1988
(2.6 Mm?® per year). Currently on average 0.4 Mm? of sediment is removed from the Estuary per
year (Ref. 13).
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7.3.32 Prandle (Ref. 18.) estimated that peak dredging levels in the first half of the century were of the
order of 10 million tonnes/year, which was reduced to approximately 1 million tonnes/year after
1950. Prandle also estimated that about 10% of the total dredged material was deposited within
the Estuary system during this period. Table 7.5 summarises estuary wide capacity changes
and associated dredging activities.

Table 7.5 - Capacity Changes in Relation to Past Dredging Activities (from Ref. 18)

Net volume change
Period Dredging in Dredging in Disposal within
Liverpool | Upper Outer Channel Upper Mersey system
Bay Mersey
1833-1871 | 71 Mm® -16 Mm® | o Mm® 0 Mm® oMm®
3 3 After 1860 After 1890
1871-1906 | 65 Mm 5 Mm 3 3 Not known but small
60 Mm 15 Mm
1906-1936 | -22 Mm® | 33 Mm® 180 Mm?® 65 Mm? 30 Mm*®
1936-1977 | 130 Mm® | 40 Mm® 135 Mm?® 75 Mm?® 25 Mm*®
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For larger version please see Appendix 7.2
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7.3.33

7.3.34

7.3.35

Training Walls

The training walls were constructed along the face of Taylor's Bank in the Outer Mersey in 1909 to
initially prevent the continued northward movement of the Crosby Channel, and also to prevent a
smaller channel breaking through Taylor's Bank. The training walls were extended during the
period 1910 to 1957 (as detailed in Table 7.4) and included the Queens North, South, Askew Spit,
Crosby West and Crosby East Training Banks (Ref. 13).

Other Activities

The Irwell, Mersey and Bollin all flow into the Manchester Ship Canal (completed in 1894), each
river carrying sufficient suspended sediment to enhance requirements for canal maintenance. The
material (mainly sand but also silt) has been periodically removed and deposited upstream over a
large area of land near Warrington. The Manchester Ship Canal clearly acts as a sediment trap,
limiting the supply of fluvial sediment to the Study Area. Fluvial sediment supply is therefore limited
to inputs from remaining tributaries such as the Sankey Brook. The fluvial supply of sediment to
the Estuary is small compared to the supply of sediment from offshore sources (Ref. 13; Ref. 14).

Other man-made structures within the main channel, including flood embankments and bridges
(detailed in Table 7.4), will have also had some impact on the sediment system. These features
could have affected circulation patterns leading to increased scour or deposition in localised areas
(as detailed in Ref. 15).
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7.4

7.4.1

7.4.2

7.4.3

7.4.4

7.4.5

Long term morphology
Introduction

Long term morphology provides a valuable means through which the processes operating in the
Estuary can be understood and is used as part of the baseline assessment. Analyses of historic
maps and charts enable recurring patterns in estuary morphology, frequency of change and overall
trends in estuary evolution to be exposed. In addition how the Estuary has reacted to previous
manmade installations, such as the Manchester Ship Canal training wall are all exposed.
Consequently looking at how the Estuary has behaved in the past is used here to provide an
insight into the future.

A range of sources of historic data have been used as part of the baseline assessment to
investigate the long term changes within the Estuary to identify any trends or patterns within those
changes.

A number of potential data sources were considered as described below. (See Appendix 7.2 and
7.3).

Data sources
Maps and Bathymetric Surveys

Ordnance Survey (OS) maps of an area (Map 1; Map 2), which include the Estuary, were
considered. However, it is recognised that historical mapping does not accurately record the
position of sedimentary features within the permanent banks of an estuary. The position of any
channel shown on such a map would be uncertain and use of this source of maps was discounted.

Bathymetric surveys for the Estuary have been obtained from a number of different sources (see
Appendix 7.2). These include:

a. The Upper Mersey Navigation Commission (UMNC) charts (Chart 3) provide a long term
record for the period July 1871 to March 1973, a total of 940 charts. It is understood that
each of the earlier UMNC surveys took over six months to produce. In this period, surveyed
data would have been subject to error as the morphology changed on each tidal cycle. lItis
also not certain what level of detail the surveyors were required to record and it is likely that
only main navigational channels were accurately recorded. = As such these charts are
unsuitable for use in comprehensive analysis of channel change. A photographic record was
made of these charts. An example is given in Figure 7.6;
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Figure 7.6 - Example of the UMNC charts — September 1873

b. Bathymetric surveys were obtained of the Upper Mersey Estuary undertaken by The Mersey
Docks and Harbour Commission. The surveys were taken at five yearly intervals covering
the period from 1936 to 1977 (Chart 4). A final survey was taken in 1997 with the assistance
of HR Wallingford (Chart 5);

c. Hydrographic surveys charting information for intertidal and offshore areas produced by The
United Kingdom Hydrographic Office (UKHO) are marketed by the Admiralty. The current
chart entitled ‘Manchester Ship Canal and Upper River Mersey’, May 2001 (Chart 1) was felt
to have insufficient detail of the Study Area to be of value in this study and this source of
data was not pursued further; and

d. LIDAR and Sonar Survey data was obtained from the Environment Agency (EA) (Ref. 19).
The LIDAR survey was dated 2002 and had been calibrated from field surveys conducted by
the EA. Itis this data set that has been used as the base morphology for the majority of the
hydrodynamic modelling done in this study (Figure 7.7A). The 2002 bathymetry shows a
cross-estuary channel located downstream of the proposed position of the New Bridge. The
southern channel is less distinct. However, the northern and southern towers of the New
Bridge would be located in or near the northern and southern channels on this bathymetry. A
recent bathymetric survey from 2005 was also used in the modelling and this is also shown
on Figure 7.7(B). This bathymetry has clearly defined northern and southern channels. The
northern and southern towers of the New Bridge would be located in or near the northern
and southern channels on this bathymetry. Given the difference in format, data collection
methods and sensitivity of the LIDAR survey, the LIDAR survey data was not used for
analysing changes over time in this study.
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7.4.6

7.4.7

7.4.8

7.4.9

7.4.10

7.4.11

Figure 7.7 - 2002 Bathymetry (A) and 2005 Bathymetry (B)

EMPHASYS Data

The Estuaries Research Programme, funded by MAFF (now DEFRA), the EA and English Nature
(now Natural England), was established in response to the need for methods to predict changes to
estuary functioning. EMPHASYS (Estuarine Morphology and Processes Holistic Assessment
SYStem) was the first phase of the Research Programme and aimed at providing guidance on the
prediction of morphological change in estuarine systems in the UK.

GIS data from the EMPHASYS database (Ref. 20) for years 1906, 1936, 1956, 1977, and 1997
was obtained for the Study Area.

The EMPHASYS data was used to investigate saltmarsh edge change over the period covered by
these charts.

Aerial Photographs

The map and chart record has been supplemented with a limited number of aerial photographs
from the period 1945 to 2000.

Aerial photographs were obtained for 1945, 1951, 1959, 1963, 1966, 1975, 1979, 1983, 1991 and
2000. Out of these, the 1945, 1966, 1975, 1983 and 1991 photographs showed the main
channels. The locations of the channel were captured in electronic format through onscreen
digitising and stored as images in Mapinfo GIS, geographic information system software. An
additional record showing the channel positions from 1993 was obtained using landline data.

These channel locations at various dates were laid over the 2000 aerial photo to put the data into
context and compare them to the most recent known location of the channel as detailed in Figure
7.8.
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Figure 7.8 - Locations and rates of saltmarsh loss and gain from 1945 to 2000

In addition to the locations of historical channels, saltmarsh locations were also digitised for a
number of years including 1945, 1951, 1959, 1936 (part), 1966, 1979 (part), 1983, and 1991 (see
Figure 7.9. These were also overlain on the 2000 aerial photo to compare to the 2000 position of

the saltmarsh edge.

7.4.12
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Figure 7.9 - Location and rates of saltmarsh loss and gain from 1945 to

2000

7.4.13

7.4.14

7.4.15

7.4.16

7.4.17

Limitations of long-term morphology data

It is understood that each of the earlier UMNC surveys took over six months to produce. In this
period, surveyed data would have been subject to error as the morphology changed on each tidal
cycle. ltis also not certain what level of detail the surveyors were required to record. It is unlikely
that every minor channel or developing channel would have been recorded. It is also unclear
whether the channel positions have been surveyed at the same time as the bathymetric survey.

In addition there are limitations inherent in the conversion of the charts to a digital image. The
photographs of the UMNC charts were taken using a hand held camera and converted into digital
images using computer aided design (CAD) software. The accuracy of the CAD work from these
photographs was limited by the photographic image and the poor quality of many of the original
charts.

In addition, the variation in the 18.6 years lunar nodal cycle will lead to different values in intertidal
position. To assess these changes, charts with a period of 18.6 (~ 19 years) should be compared.
However, given the accuracy of the plotting of many of the older charts used in this study, it is
doubtful if this phenomenon would be detectible.

There is a lack of precision associated with aerial photos, although the more recent photographs:
1983, 1991 and 2000 are more precise. It is generally accepted (Ref. 21) that the older aerial
photographs (pre 1983) are only precise to +/- 5m and therefore any change in the channel of less

Volume Change

The Estuary as a whole has been infilling naturally since the beginning of the Holocene at a steady
rate (Ref. 15).
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7.4.18

7.4.19

7.4.20

7.4.21

7.4.22

7.4.23

7.4.24

7.4.25

Bathymetric changes in the Estuary have been well documented over the last century, with surveys
being conducted every 10 years since 1861, and every 5 years from 1881 until 1977. This has led
to a number of studies on historical bathymetric analysis of the Estuary (Ref. 8; Ref. 10; Ref. 13;
Ref. 14; Ref. 15; Ref. 22). The studies confirm that from 1900 to 1977 the Estuary has been slowly
infilling, with the largest rate of accretion occurring between 1936 and 1956. However, more recent
studies suggest that the rate of infilling has slowed in the second half of the century, and that since
1977 the Estuary capacity has increased. In fact, Van der Wal & Pye (Ref. 13) and Pye, Blott &
Van der Wal (Ref. 8) predict that erosion is part of this new sediment regime.

Accretion in the Estuary has not been evenly distributed, and the most substantial decrease in
estuary volume has occurred in the Middle Mersey basin. Comparatively little accretion has taken
place in the Narrows, (the high flows ensure sedimentation is limited as was described earlier), and
very limited change has occurred within the Upper Mersey and around the site of Project.

Nevertheless, using data from the EMPHASYS GIS data, within the Study Area the overall trend
between 1906 and 1997 has been one of siltation and, therefore, a reduction in storage capacity.

Long-term Morphological Change
UMNC Charts

The Department of Transport archive holds the Upper Mersey Navigation Commission (UMNC)
Charts from July 1871 to March 1973. This historical record of UMNC constitutes a record of the
navigable channels to the port of Runcorn within the Upper Estuary. The record terminates in
1973 when the UMNC disbanded. The period of record indicates that in general, a drawing of the
location of the navigable channel was drawn every month. However, the record is incomplete with
months missing and in some instances, no record exists for entire years (e.g. 1891; 1934; 1933;
1943; 1963-1965). In total, the dataset available to be investigated comprises 940 months of data
(out of a possible total of 1209 months).

The aim of using the UMNC charts is to trace back the history of the Estuary and understand the
geomorphological behaviour in the last century. It might help in:

a. Observing any changes in the position of the navigable channel,

b. Seeing whether the navigable channel coincided with the proposed alignment of the New
Bridge;

C. Locating where the channel was situated in the Study Area;

d. Observing whether channel sinuosity increased, decreased or remained stable both
upstream and downstream of Runcorn Gap and the results plotted as a running mean; and

e. Monitoring the land use and engineering changes.

Analysis of UMNC Charts

The photographic images of the UMNC charts were scanned and converted to AutoCAD files to
allow the production of scaled drawings showing the main channel locations. The different scaled
drawings for selected years were overlain and rectified to each other (matched) using a number of
common fixed features. Once this was achieved, the overlays were used to investigate the
changes of channel position over different time periods.

Screening of the 940 charts showed that the navigable channel rarely coincided with the proposed
position of the central tower of the New Bridge. However the north and south towers of the New
Bridge are in locations which are much more commonly occupied by channels.

The Manchester Ship Canal was completed in 1894. It is interesting to note that the observed
movement in the position of the navigable channels downstream of Runcorn Gap reduced
significantly, and almost no change in the range of movement was observed from approximately
August 1896 through to the end of record in 1973. However, upstream of Runcorn Gap the
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movement in channel position was maintained following 1896, however the range in the data are
not quite as pronounced as those records prior to 1896.

Channel Mobility Model

7.4.26 A GIS model of the UMNC data was developed and applied to map the main navigable channel
boundaries from chosen charts to reveal the geomorphological changes that have taken place and
the mobility of the main navigable channel.

7.4.27 Two sets of charts were used as defined in Table 7.6 below:

Table 7.6 - List of the UMNC charts used in the channel mobility model
Chart Set 1 Comments Chart Set 2 Comments
UMNC Chart Date UMNC Chart Date
01/1973, 02/1973 Combined chart for Jan., 01/1973, 02/1973 Combined chart for Jan., Feb.
03/1973 Feb. & Mar. 03/1073 & Mar.
01/1969, 02/1969 Combined chart for Jan. & 11/1962
Feb.
01/1959, 02/1959 Combined chart for Jan. & 12/1953
Feb.
01/1949 12/1947
02/1941 12/1935
01/1936 12/1923
01/1929 12/1913
04/1919 12/1903
01/1917 12/1893
11/1907 12/1883
02/1897 11/1873, 12/1873 Combined chart for Nov. &
Dec.
11/1885
02/1883
01/1882
01/1875, 02/1875 Combined chart for Jan &
Feb.

a. For Chart Set 1, 15 charts were chosen on approximately a 10 year interval but for a variety
of dates and to include most of the 22 charts of channel positions found to coincide with the
New Bridge; and

b. For Chart Set 2, 10 charts were chosen on a 10 years interval focusing on charts from
December.

7.4.28 The charts were rectified to the National Grid and the channel boundaries were digitised. Eleven
distinct channel locations were identified and modelled into a GIS mobility model covering the last
100 years. Figures 7.10 and 7.11 show the highest frequency of occurrence at a particular
location in the green colour and the lowest in red (based on the fact that the channel was located in
the position shown by the red colour at least once). Areas with no colour indicate zones where,
from this chart record, no channels occurred during the period. These figures illustrate that there is
some degree of dynamic stability within the area shown, with channels tending to move within
bands rather than completely at random over the whole of the study area. It should be noted that
the background to Figures 7.10 and 7.11 is taken from the UMNC chart set and therefore does not
necessarily represent the present position of the edge of the saltmarshes. Also some of the
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landward extents of channel positions shown stem from early charts; these channels would now be
constrained by more recent constructions.

Figure 7.10 - UMNC — Historical record of the chann___el location and sinuosity within the Upper
Mersey Estuary (Chart Set 1)
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