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Executive Summary
This report presents an assessment of the likely impacts on the hydrodynamic
and short-term sedimentary regimes due to the construction of a quay on the
south bank of the Humber Estuary. A new quay is required to form part of the
proposed Able Marine Energy Park (AMEP) at South Killingholme, planned to
be operational by 2014. The final quay design is proposed to be a solid
structure that protrudes approximately 400m into the estuary, with a length of
approximately 1 279m. In addition to this structure, dredged areas adjacent
to the quay are proposed to allow for associated maritime operations.
The modelling reported in this document is based on a preliminary quay
design as detailed in Figure E1 below. The quay design has been
developed as a consequence of the EIA process and the final quay
design is detailed in Figure E2. The significant differences between the
quay used in the modelling studies reported here and the final quay
design are:
The berthing line is set back (towards the land) 80 m in the final
design relative to the preliminary design.
The northern elevation is set back (to the south) approximately
80 m in the final design relative to the preliminary design.
The southern elevation is set back (to the south) approximately
80 m in the final design relative to the preliminary design.
These amendments have been introduced to mitigate local impacts
associated with changes to sediment transport processes.
It is the professional judgement of the authors that the significance of
the global hydrodynamic impacts on the estuary of the final quay will
not be materially different to those reported in this document. The
global impacts reported in this document therefore provide a sound
basis for any planning decision. The local impacts of the preliminary
design are still reported in this document as they are informative of the
EIA process but the assessment of the local impacts is substantially
superseded by a supplementary study by HR Wallingford which is
reported in Appendix 8.3 of the Environmental Statement. Accordingly,
reporting of local impacts is italicised in this report and little weight
should be given to this italicised text by the reader; reference should
instead be made to the following document for the assessment of local
impacts:
„Able MARINE energy Park 3D Mud Modelling: Assessment of the
Effects of a Proposed Development on the South Bank of the Humber on
Fine Sediments‟, HR Wallingford, November 2011
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Numerical modelling studies have been carried out on the preliminary quay
design to assess the likely impacts of the scheme on the estuarine
hydrodynamic and short-term sedimentary regimes. The methodologies,
results and assessments of inherent model uncertainties are documented.
Sensitive receptors and likely impacts on these are presented. In summary
these are:
Intertidal areas directly to the north-west and south-east of the
quay: accumulation is predicted, summarised in an accompanying
report on Humber Estuary geomorphology (Review of the
Geomorphological Dynamics of the Humber Estuary, JBA Consulting,
2011). As described in the geomorphology report, there is likely to be
significant accretion in these areas due to the significantly reduced
tidal-flow regime. It is very likely that any short-term erosion caused by
extreme wave events will be reversed as the following calm tidal
conditions act to build up the area affected. Therefore it is considered
that tidal influence will dominate that of waves in determining the
character of the intertidal areas adjacent to the quay.
Coastal defences directly to the north-west and south-east of the
quay: increased flood risk due to wave overtopping is predicted along
a 60m stretch of sea defence to the north of the quay in the short-term.
Therefore, it is possible that, in the long-term, any potential increase in
flood risk due to wave reflection from the quay is offset by this increase
in bed elevation around the affected areas. However there is
considerable uncertainty in predicting the actual increase in
accumulation, which will be affected by future local maintenance
dredging. It will be important to monitor these inter-tidal areas to record
the rate of increased sedimentation. Monitoring of longer term
sedimentation rates is therefore recommended. A redesign of the
north of the quay to mitigate the increased wave overtopping flood risk,
in combination with an upgrade to the affected EA defences to the
north of the quay, limits mean overtopping at the defences for a 1:200year event in 2033 (the end of the current 25-year Humber Strategy
lifetime) to less than 2 l/s/m (Appendix F).
Ships berthed at the quay frontage: the presence of breakwaters
ensures a wide flow separation zone occurs along the quay frontage.
Therefore, ships should not be at risk of detachment due to tidal flow.
However a predicted rotational flow that occurs along the front of the
quay within this separation zone may affect the docking procedure of
ships approaching the quay.
Nearby port facilities: increased sedimentary deposition is predicted
at nearby facilities.
This is predicted to lead to increases in
maintenance dredging requirements. This is likely to be greater at the
Humber Sea Terminal (HST) but minor for other facilities compared to
current maintenance dredging requirements. Humber Work Boats may
experience erosion in the intertidal area that may decrease any
maintenance dredging requirements at this location.
Circulation
patterns forming around the HST, which is in the wake of the quay

2010s4456 Humber modelling report v9_1.docx

iv

during inflow from the rising tide, may affect maritime operations here.
This impact may require mitigation.
Centrica and E.ON intakes/outfalls: increased sedimentary
accumulation is predicted in these areas. Mitigation appears to be
necessary to minimize the potential for increased sedimentation in the
sub-tidal area to the north of the quay which may impact upon these
intakes/outfalls. It is recommended that discussions be held with the
operators of these intakes to confirm that the potential minor increases
in SSC due to dredging losses at the development are within tolerance
levels for the intakes, considering the large natural background SSC
variability.
North Killingholme Pits: a circulation pattern predicted in this area in
the wake of the quay during a rising tide may lead to increased bed
shear stresses adjacent to the pits. This may potentially cause erosion
in front of the pits.
Humber Estuary north bank intertidal area: the very small increases
in current magnitude predicted for the north bank associated with the
presence of the quay are unlikely to cause impacts in the sediment
regime.
Humber Estuary suspended sediment concentrations: the disposal
of erodible sediment excavated during the capital dredge programme
may lead to short-term increases in SSCs in the tidal channels within
the estuary of up to 80-100mg/l by the end of the disposal programme.
The impacts on background SSCs should be minor and reduce to
insignificant within a Spring-Neap cycle after cessation of the disposal
programme. Maintenance dredging is likely to lead to similarly minor
impacts.
Change in water levels: A small decrease in Low Water levels is
predicted but, as this is within the bounds of model error, it is not
regarded as an impact. There is no impact on flood risk at the estuary
sea defences due to any water level change due to the scheme.

2010s4456 Humber modelling report v9_1.docx

v

Figure E1: Preliminary Quay Design Assessed in this Report

Figure E2: Final Quay Design (Preliminary Quay Outline in Red)
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1.

Introduction
Introduction

1.1

The construction of a manufacturing facility with associated port infrastructure
is proposed on the south bank of the Humber Estuary; the development is
collectively termed Able Marine Energy Park (AMEP).
The site will
manufacture components for the emerging marine renewable energy market.
The quay will enable components constructed on land to be transferred to
maritime vessels that can deliver them directly to an offshore site. Berthing
ships at the quay will require suitable bathymetric depths to prevent touching
the estuary bed during low tide. In addition, as the proposed development will
destroy part of a Natura 2000 site, an area adjacent to but currently outside of
the estuary will be exposed to the estuary to provide compensatory habitat.

1.2

An Environmental Impact Assessment (EIA) has been undertaken to assess
the potential impacts of the proposed development on baseline Humber
Estuary processes.
This report examines the potential impacts of a
preliminary quay design on hydrodynamic and sedimentary processes within
the estuary. This involves examining the likely impacts on water levels, tidal
currents, waves and sediment transport. The Humber incorporates multiple
port facilities for which frequent maintenance dredging operations are
required in order to keep them functional. The examination of sediment
transport issues, therefore, also assesses the potential for changes to
maintenance dredging requirements for nearby port operators. The long-term
impacts of the proposed development on the morphology in the estuary are
assessed in an accompanying report.

1.3

This report contributes to a series of studies that are reported in the
Environmental Statement for the proposal. The modelling reported in this
document is based on a preliminary quay design as detailed in Figure
E1 in the Executive Summary. The quay design has been developed as a
consequence of the EIA process and the final quay design is detailed in
Figure E2. The significant differences between the quay used in the
modelling studies reported in this document and the final quay design
are:
The berthing line is set back (towards the land) 80 m in the final
design relative to the preliminary design.
The northern elevation is set back (to the south) approximately 80
m in the final design relative to the preliminary design.
The southern elevation is set back (to the south) approximately 80
m in the final design relative to the preliminary design.
These amendments have been introduced to mitigate local impacts
identified in this study and associated with changes to sediment
transport processes.

1.4

It is the professional judgement of the authors that the significance of
the global hydrodynamic impacts on the estuary of the final quay will
2010s4456 Humber modelling report v9_1.docx
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not be materially different to those reported in this document. The
global impacts reported in this document therefore provide a sound
basis for any planning decision. The local impacts of the preliminary
design are still reported in this document as they are informative of the
EIA process but the assessment of the local impacts is superseded by a
supplementary study by HR Wallingford which is reported in Appendix
8.3 of the Environmental Statement. Accordingly, reporting of local
impacts is italicised in this report and little weight should be given to
this italicised text; reference should instead be made to the following
document for the assessment of local impacts:
„Able MARINE energy Park 3D Mud Modelling: Assessment of the
Effects of a Proposed Development on the South Bank of the Humber on
Fine Sediments‟, HR Wallingford, November 2011
Context
1.5

The Humber Estuary is a dynamic estuary environment with interacting
hydrodynamic processes controlling local and wider scale sediment transport
processes. The nature of these hydrodynamic processes is determined
largely by the local and general estuary morphology, wave climate, freshwater
inputs and tidal range. Additionally, the Humber Estuary contains several
man-made structures affecting flow and sediment patterns. This project
involves an alteration of the Estuary morphology around Killingholme in the
form of a solid quay protruding from the flood defences into the sub-tidal area,
and dredging of the surrounding bathymetry for shipping access. These
changes will inevitably affect Estuary morphodynamics.

1.6

In terms of hydrodynamics these changes are likely to take the form of
variations in tidal velocities, direction and timing within the Estuary both locally
and possibly more remotely to the scheme. Furthermore, water levels within
the Estuary may be affected due to the displacement of water caused by the
AMEP quay. Changes to the wave climate local to the quay are likely due to
its solid, vertical typical structure: waves reflecting off of the side of the quay
may increase wave heights locally due to wave-wave interaction.

1.7

Changes to hydrodynamics are likely to cause changes in the sedimentary
regime in the sediment-rich environment within the Humber Estuary. Patterns
of deposition and erosion around the quay are likely to be affected and
potentially across the wider estuary. Furthermore, the dredging operations
required during construction and operation of the quay will lead to dredging
losses escaping into the water column and being carried in the tidal flow away
from the project site. Dredged material will also be reintroduced to the Estuary
at designated sites affecting sediment dynamics locally.
Report structure

1.8

In addition to this introductory chapter, the report structure is as follows:
Chapter 2: description of the relevant Humber Estuary processes and
details of the proposed development;
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Chapter 3: presentation of the relevant consultation responses to the
AMEP scoping report and PEIR, and details of the receptors relevant to
the present impact assessment study;
Chapter 4: outlines the assessment methodology used to assess the
likely impacts on existing conditions due to the scheme;
Chapter 5: presents the results of the assessments and highlights the
likely impacts;
Chapter 6: provides a summary of the predicted impacts.
1.9

Hereafter any reference to 'the development', 'the scheme' or the 'With
Scheme scenario' refer to the preliminary AMEP quay, adjacent dredged
areas and the compensation site in conjunction. In the report the term 'Middle
Estuary' refers to the Estuary south of the Humber Bridge and north of
Grimsby, with the 'Inner Estuary' and 'Outer Estuary' upstream and
downstream of these limits, respectively.
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2.

Humber Estuary processes and proposed
development
Introduction

2.1

This chapter provides background details and context for the impact
assessment of the development. A description of the sources of data used in
the study is given and the existing Humber Estuary processes that have the
potential to be impacted upon are then described. Finally details of the
proposed development are presented.
Local information

2.2

The following data have been collected and used in the present study:
LiDAR for estuary inter-tidal areas (from EA geomatics group);
Humber Estuary sub-tidal bathymetry (from ABPHES);
Digitised chart data for inter-tidal areas (from Seazone Solutions Ltd);
Survey bathymetry for Killingholme area (IECS, 2010a);
Topographic survey of Killingholme;
Spring-Neap cycle current measurements at 2 locations near to
Killingholme (IECS, 2010a);
Water level recordings at several gauges around the estuary for
Spring-Neap cycle and near HAT 6-day period (from ABPHES);
Water level and current predictions (from UKHO Admiralty TotalTide
software);
Extremes analyses of water levels and wave heights at Killingholme,
both univariate and joint probability (ABPmer, 2007);
Particle size analysis of inter-tidal and sub-tidal sediments at
Killingholme (IECS, 2010b);
Suspended solid concentration readings at HST (IECS, 2010a);
Ground investigation vibrocores at Killingholme (Buro Happold, 2010);
Humber Estuary Environmental Statements (e.g. IOT deepening,
HRBT, Grimsby Ro-Ro, Quay 2005, etc.);
Humber Estuary modelling reports;
Dredge disposal site locations (from CEFAS).

2.3

More details of these data are given in Appendix A.
Humber Estuary processes

2.4

The Humber Estuary is a complex and dynamic estuary. As noted in the
previous chapter the proposed development has the potential to affect several
key processes within the Estuary. These are:
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Water levels: through alteration of the flow regime by the altered
Estuary structure;
Currents: through alteration of the flow regime by the altered Estuary
structure;
Bed shear stresses: through alteration of the flow regime by the altered
Estuary structure;
Sedimentary regime: through alteration of the flow regime that
transports significant quantities of sediment throughout the Estuary;
Suspended sediment concentrations: through increased maintenance
dredging requirements;
Wave climate: through the potential for reflected waves leading to
increased wave heights, and through the altered depths provided by
the turning/approach/berthing dredged areas.
2.5

The baseline conditions for these processes are described below. A fuller
description of longer-term morphology patterns within the Estuary is provided
in the accompanying report on geomorphology.
Water levels

2.6

The Humber Estuary is a macro-tidal estuary with a Spring tidal range of 67m. Tidal levels at Immingham are given in Table 1.

Table 1: Water level characteristics at Immingham, Humber (source: ABP chart: River Humber - Spurn to
Barton Head (2009))
Water state
HAT
MHWS
MHWN
MLWN
MLWS
Conversion from Chart Datum (CD) to Ordnance
Datum (OD) Newlyn

2.7

Water level
4.1mAOD
3.4mAOD
1.9mAOD
-1.3mAOD
-3.0mAOD
-3.9m

High Water levels increase farther upstream as tidal flows are constricted by
the narrowing Estuary. Levels at Goole can be 1m above levels at the
Estuary mouth at Spurn Head. Government guidance on projections of sealevel rise provides an estimate of 1.19m rise from 1991 to 2114,
encompassing the 100 year lifetime of the quay after construction in 2014
(DEFRA, 2006). Approximate water volumes in the Humber Estuary are
2.5x109m3 at High Water, 1.1x109m3 at Low Water (ABPmer, 2009a).
Currents

2.8

Currents within the Estuary are dominated by the tide. Upstream the monthly
average freshwater flow rate at Trent Falls of 250 m3/s has been estimated
from EA data, with a variability of ±110 m3/s (Townend and Whitehead, 2003).
Observations of currents near to Killingholme used to calibrate the
hydrodynamic model (see Appendix C) show that magnitudes can reach
approximately 1.5m/s offshore and 1.1m/s in the nearshore zone during a
modest Spring tide (15th May 2010). Predictions of currents provided by
UKHO Admiralty TotalTide software suggest ebb-flow dominance of current
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magnitudes throughout the Middle Estuary (see Figure 46 in Appendix C).
This asymmetry is simulated by the hydrodynamic model of the Estuary used
in the present study (description provided in Appendix C), as can be seen by
comparing the peak flow speeds during the rising and falling limb of a MHWS
tide in the area (Figure 1 and Figure 2). The diagrams reveal peak flows exist
within the deeper channels of the Estuary, with largest flow speeds of over
2.0m/s occurring in Halton Middle, upstream of Killingholme between Halton
Flats and Paull Sand.
Figure 1: Peak model flow speeds during a rising MHWS tide
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Figure 2: Peak model flow speeds during a falling MHWS tide

Salinity
2.9

The upstream freshwater and downstream seawater inputs to the Humber
lead to a pronounced longitudinal salinity gradient along the length of the
Estuary. Salinities at the mouth of the Estuary may be 33-34ppt (parts per
thousand), reducing to 22ppt at Hull and 3ppt at Trent Falls (Shell UK, 1987).
Under normal conditions there is almost total vertical mixing between
freshwater and saline water bodies. A lateral salinity gradient at the Outer
Estuary resulting from the Coriolis force shows sea water tends to flow along
the north bank with fresher water along the southern bank.
Bed shear stresses

2.10

The shear stresses experienced on the bed of the Humber Estuary determine
the evolution of the morphology. Bed shear stresses are a result of both
wave and current forcing, primarily through the friction they exert on the bed.
The total bed shear stress consists of skin friction, form drag and the effects
of sediment transport (via momentum transfer between grains). The stresses
due to wave action are irregular and determined mainly by wind variability but
also locally by ship wake. However, the tidal currents within the Estuary are
far more predictable and regular. The large magnitudes of the currents in the
deep channels of the Estuary mean that their contribution to the bed shear
stress dominates here. Wave-related bed shear stress is more significant in
the shallower sub-tidal and inter-tidal areas.

2.11

Figure 3 shows the modelled skin friction bed shear stresses for a MHWS tide
for peak flood and ebb flow. The asymmetry observed in tidal currents is
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manifested in elevated shear stresses in the deeper channels in the middle
estuary. Offshore of Paull Sand flood currents lead to stresses up to 5 N/m2,
whereas the ebb tide stresses are up to 6 N/m 2. Just offshore of South
Killingholme at the location of the proposed dredged approach channel the
peak stresses are in the range 2.9-3.1 N/m2 for both peak flooding and ebbing
tides (the tidal current asymmetry is less obvious here).
2.12

To put these values of bed shear stress in to context, in general, for most
muddy1 sediments in marine environments, the threshold for the initiation of
bedload transport ranges from 0.5 to about 5 N/m2 (Brown et al., 2005).
During periods of slack water, areas where the bed shear stress drops below
0.2 N/m2 will typically experience fine sediment deposition (Ormondt and
Roelvink, 2004).

1

The term 'muddy' refers to sediments of varying cohesiveness that are characterised by relatively small grain sizes
(e.g. clay, silt, fine sand).
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Figure 3: Peak bed shear stresses during a rising and falling MHWS tide

Sedimentary regime

2.13

The water within the Humber Estuary contains very high concentrations of
fine suspended sediment. On a given tide up to 1.2x106 tonnes of sediment
may be in the water column (Townend and Whitehead, 2003). Fluvial input
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amounts, on average, to 335 tonnes of sediment per tide compared to the
average tidal exchange of 1.2x105 tonnes per tide at the mouth. Around 430
tonnes per tide is deposited in the Estuary with a small marine net import of
around 100 tonnes per tide.
2.14

The sedimentation patterns are therefore dominated by tidal flow, with only 3
percent of the sediment entering the Estuary originating from upstream,
approximately. Most of the sediment entering the Estuary from the mouth is
returned to the sea on the ebb tide. However, a considerable amount is
deposited across intertidal areas or shifted around sub-tidally. An annual rate
of infilling of between 2.6 and 6.6x105 m3 has been estimated (ABP Research,
1999).

2.15

There is a large degree of variability in the suspended sediment concentration
throughout the Estuary. The position of the turbidity maximum varies
seasonally between Hull and Selby depending on the balance of
freshwater/tidal water flows (Uncles et al., 1998) and the availability of
sediment and is governed by the hydrodynamic sediment transport
processes, including wave dynamics, tidal asymmetry and salinity-induced
circulation. At the Humber Sea Terminal near to the AMEP site typical
suspended sediment concentrations can range significantly from 200 mg/l
during slack water to 1,600 mg/l during peak flood flow (IECS, 2010b). British
Transport Docks Board measurements (BTDB, 1970) report a range within
the Middle and Outer Estuary between 300 mg/l and 1,900 mg/l. Typical
values were given as 450 mg/l during summer and 950 mg/l during winter
(Townend and Whitehead, 2003). Farther upstream in the Upper Estuary
concentrations regularly reach 5,000 mg/l (Uncles et al., 1998). At times
concentrations up to 20,000 mg/l have been recorded in the system
(ABPHES, 2008).

2.16

The sub-tidal bed of the Humber Estuary consists of sand, gravel, silt and
boulder clay at different locations. In shallow sub-tidal and intertidal areas
along the banks of the Estuary the bed consists mostly of silt and fine sand.
Particle size analysis of intertidal and sub-tidal bed material around the AMEP
site revealed areas of sandy mud with occasional muddy sand, and gravelly
muddy sands (IECS, 2010a). The median grain size of surface deposits in
the area was found to be 0.1mm.

2.17

A recent site investigation involved the collection of multiple vibrocore
samples from the site of the proposed scheme (Buro Happold, 2010). These
showed a surface alluvium layer consisting of varied grain sizes, with median
values equally distributed in the range 0.01mm to 0.3mm. A thin layer of sand
and gravels was intermittently observed below this, with a thicker layer of stiff
glacial till underneath, though this structure shows significant variation with
location. Figure 3 shows a summary of the site investigation, revealing the
thicknesses of various types of sediment from the surface downwards.

2.18

For the most part, the sub-tidal areas of the Outer Estuary are predominantly
sand. Further upstream more mixed sediments are typically found, often
consisting of silty sand. On the lower intertidal the sediments generally
consist of sandy silt, fining to silt at the higher levels.
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2.19

Maintenance dredging volumes in the Humber Estuary vary considerably from
year to year. Between 1985 and 2007 the total mass of material dredged
from and disposed into the Estuary was in the range 9 to 17 million tonnes per
annum (ABPHES, 2008). This material is retained in the system. The SDC
was originally dredged to allow deep-draughted vessels to use deep-water
terminals at Immingham. It experiences significant annual variation in
accumulated sediment, requiring an annual maintenance dredge ranging from
none to 9 million tonnes per annum between 1985 and 2007. Disposed
dredgings at the `Humber 3A` disposal ground are mainly from material
arising from dredging of Immingham Docks, jetties and terminals. Records
show significant variation here also, with disposals in the range 1-7 million
tonnes from 1985 to 2007. The maintenance dredging baseline document
states there is no apparent trend in dredge volumes at Immingham.
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Figure 3: Summary of near-site ground investigation. Records of sediment thickness at each
sample location. (©OS Licence nos. 10048270, 00472400, 0100031673)
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Waves

2.20

The wave climate at South Killingholme is dictated by the fetch lengths over
which the wave-generating force of wind stress can act. Fetch lengths to the
north bank are the shortest, with longer lengths upstream and downstream,
leading to the likelihood of larger waves from these directions.

2.21

A still water level/wave height joint probability analysis study provides details
of the prevailing wave climate at South Killingholme (ABPmer, 2007). An
analysis of wave heights over a multi-year period provided in the ABPmer
study highlighted the dominance of south-easterly waves, followed by waves
propagating from the north-west in the direction of Hull. Table 2 shows the
univariate analyses for the parameters of water level, wave height and wave
period at South Killingholme. It should be noted that the wave heights
presented are not depth-limited.

2.22

Wave overtopping calculations were performed using values for water level,
wave height and wave period specified in this report. Calculations were
carried out for a range of return periods (1:2-year, 1:5-year, 1:10-year and
1:200-year) joint probability events, with 100 years of projected climate
change (CC) added (i.e. 100 years of sea level rise and increased wave
heights). Guidance from DEFRA (2006) was used to estimate the predicted
future sea levels. The water levels provided in the ABPmer report are to a
mean sea level in 1991. The lifetime of the quay is to be from its construction
in 2014 until 2114. The DEFRA CC guidance gives 1.19m of sea-level rise
from 1991 to 2114 and a 10% increase in wave heights in 100 years time.
Table 3 shows the joint probability analysis for water level and wave height for
the 1:200-year return period for 1991 and 2114. The CC predictions are
considered to be conservative estimates, given recent findings in UKCP09
that predict reduced rates of sea level rise and no increased storminess
(Lowe et al., 2009). Furthermore, revised estimates of extreme sea levels
around the entire UK coastline have recently been published by the EA which
can be used for planning purposes, but these have not been used herein as
the Agency advised against this.

Table 2: Univariate analysis of extreme waves and water levels at South Killingholme (source: ABPmer
(2007))
Return period (years)

Wave height (m)

Wave period (s)

Water level (mOD)

1
2
5
10
20
50
100
200
500

1.41
1.52
1.65
1.75
1.85
1.98
2.08
2.17
2.29

4.24
4.25
4.50
4.75
4.85
4.95
5.03
5.10
5.15

4.19
4.32
4.51
4.64
4.74
4.88
4.97
5.05
5.16
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Table 3: Joint probability analysis of water level and wave heights for the 1:200-year return period at
South Killingholme (source: ABPmer (2007))
1991

Water level (mOD)
3.00
3.73
4.47
4.79
4.83
4.95
5.02

2114

Wave height (m)
2.15
1.98
1.47
1.00
0.80
0.50
0.30

Water level (mOD)
4.19
4.92
5.66
5.98
5.72
6.14
6.21

Wave height (m)
2.37
2.18
1.62
1.10
0.88
0.55
0.33

Proposed development
2.23

The proposed development consists of a quay, an area of dredged depths
comprising the berthing areas and approach channels, and an area of
compensation land exposed to the Estuary on the north bank. Figure 4
shows the plan of the proposed quay and adjacent berthing areas. The quay
represents a solid structure extending out from the Killingholme shoreline into
the Estuary by approximately 380m. Its length is approximately 1300m
including the side berthing areas. The quay elevation proposed is 6.38mOD,
reducing uniformly over 28m to 6.1mOD along the main frontage. This
frontage, which will be the most exposed, will consist of a vertical wall, the toe
of which will be at -14.9mOD (-11mCD). The approach area adjacent to the
quay-side berths is to be maintained at a depth of -12.9mOD (-9mCD). The
north-facing quay side will be protected by a sloping revetment that extends
out from the shoreline by 179m to a point where the bed level is -2.8mOD.
The level of the toe of the sea defence at the existing coastal defences is
2.5mOD. Extending farther out, the design includes a breakwater, consisting
of an extension of the revetment finished by an area of bunding. This
breakwater encloses a berthing area on the north face and effectively
removes wave overtopping flood risk on the quay surface. At the south face
the southern revetment extends in an east-south-east direction from the
shoreline to approximately 190m from the existing defences where the bed
level is 0.5mOD. The south face extends towards the north shore for 90m, at
which point the bed level is -1.5mOD. As for the north side of the quay a
breakwater extends out from here, enclosing the southern berthing area. The
revetments that adjoin the north and south quay faces are characterised by a
1:2 slope, rising to an elevation of 7.1mOD (11mCD) (this represents a 0.72m
increase in elevation at the ends of the quay). The surface of the revetments
is to consist of rock armour with rocks of approximately 600mm size.
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Figure 4:Preliminary AMEP quay (©OS Licence nos. 10048270, 00472400, 0100031673)

2.24

The programme for the development will consist of two periods of dredging:
dredging the reclamation area covering the footprint of the quay and dredging
the berths, approach channel and turning area adjacent to the quay. These
periods will be separated by approximately 1 year during which the quay will
be constructed (RBW, 2011).

2.25

The volumes of material assessed to be dredged in the preliminary quay
design are given in Table 4, with the approximate percentage of material that
is erodible (soft clay, silt, sand and gravels) for each area. For the first
dredge period (reclamation area and flap anchor trench) there are
approximately 260 000 cubic metres of erodible material to be excavated. For
the second (berths, approach and turning areas) there are approximately 280
000 cubic metres.
Table 4: Dredge quantities for the Preliminary AMEP quay
Area
Reclamation area

Approximate amount
erodible material (%)

of

250 000

100

57 000

20

Berths

692 000

10

Approach channel

589 920

20

Turning area

102 350

90

Flap anchor trench within reclamation area

2.26

Volume to be dredged (m3)

The defences at Cherry Cobb Sands on the north bank are proposed to be
realigned, exposing an area of approximately 100 hectares as the
compensation land. The location of the proposed scheme components in the
Humber Estuary are outlined in Figure 5. The diagram shows a larger area
on the north bank than the proposed 100 hectare compensatory habitat to
delineate the area in which the habitat will exist.
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Figure 5: Preliminary development areas: quay, dredged depths and north bank compensation
land (©OS Licence nos. 10048270, 00472400, 0100031673)
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3.

Consultation responses and receptors
Introduction

3.1

The consultation undertaken by the IPC in response to the AMEP scoping
report and the consultation undertaken by Able in accordance with the
Planning Act 2008 has enabled interested parties to provide comment on the
proposals for the scheme. Multiple parties expressed interest in knowing how
the scheme is likely to affect the hydrodynamic and sediment transport
regimes within the Humber Estuary. This chapter presents these consultation
responses which are addressed further in this report. A description of the
identified receptors within the Estuary is also provided.
Consultation responses

3.2

The following bodies expressed the need for the present study to address the
following comments:
ABP

3.3

ABP is particularly keen to see detailed and comprehensive studies relating to
the sedimentation effects of both capital and maintenance dredging for the
proposed new port in relation to its port of Grimsby and Immingham.
BNP Paribas (on behalf of Centrica PLC)

3.4

Centrica power station has a cooling water intake which is located to the north
of the proposed quay. Centrica requires that both the operation and
construction of the quay, and any associated dredging activities, do not have
any negative impact on the cooling intake itself or its operation.
Drainage boards (Keyinghall and Ottringham)

3.5

Wary of siltation of Stone Creek (near compensation site) leading to upstream
flood risk.
Environment Agency

3.6

The Environment Agency expected that the following points would be
assessed:
Hydrodynamics and displacement of water - tidal volume
Wave climate changes
Changes in hydrodynamic leading to changes in sedimentary regime
and patterns of erosion and deposition

3.7

And would like to see:
Use of LiDAR data in inter-tidal areas in model
Results of models for the effects on hydrodynamics, wave and
sediment transport and geomorphic processes
More information on the impacts of sediment plumes
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Impacts of any wave increase mitigated for to ensure the EA assets
immediately to the south of the development are not compromised
Maps of bed shear stress and water level changes should be shown
E.ON PLC
3.8

„In respect of proposed work in the Humber we will require proof that the
proposals will not interfere with our ability to extract and discharge cooling
water.‟
Harbour Master

3.9

„There should be hydrodynamic, bathymetric and ecological assessments that
should include: any effect on sedimentary patterns, alone and in-combination
with other proposed projects; any effect on tidal flow directions and rates,
especially at the upstream and downstream extremities adjacent to preexisting berth and terminal facilities; impacts resulting specifically from the
reclamation process, with full details of the process itself and the material to
be used.‟

3.10

An assessment of current speeds at the edges of the quay should be
performed to investigate whether ships are likely to be detached from the
quay frontage by the flow around the edges.

3.11

„It would be helpful to know what level of maintenance dredging is predicted to
be required and how this assessment has been arrived at. You will want to
ensure predictions are realistic bearing in mind experiences at HST, where
dredging requirements have been far in excess of modelled predictions.‟

3.12

„It will be essential for the ES to deal fully with the impact of the dredging
proposals.‟

3.13

„It will be essential to consider the impacts on the wider estuary on both a
stand alone and an in-combination basis.
MMO

3.14

„Any computer modelling used in the assessment must be calibrated and
validated with site specific data to assess potential impacts, including storm
events, wave diffraction and effects of wind forcing. The ES should provide
comprehensive details of the cumulative effects, in-combination effects and
possible mitigation.‟‟
Natural England

3.15

Comments:
Impact of altered flow regime in vicinity of North Killingholme Pits
including mudflats
Implications of quay development on North bank
Greater detail on in-combination effects
Comment on impact of sea level rise on waves and erosion potential
Issues with inner estuary model inaccuracies – must be fixed
Description and incorporation of model errors
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North Lincolnshire Council
3.16

Information to be required includes flow speed, flow direction, sediment load
in the water column, topography, sediment depth and grain size, tidal prism,
erosion and deposition patterns.
RSPB

3.17

Greater detail on in-combination effects including effect on:
Tidal prism
Tidal range
Velocity patterns
Receptors

3.18

An assessment of impacts on sensitive receptors within the Humber Estuary
has been performed. The receptors identified are listed in Table 5. Maps of
these receptors are presented in Appendix B.
Table 5: Identified receptors and potential impacts
Receptor
Intertidal areas directly to north-west and southeast of the quay
Coastal defences directly to north-west and
south-east of the quay
Ships berthed at the quay frontage
Nearby port facilities (Humber Sea Terminal,
Humber Work Boats, South Killingholme Oil
Jetty, Immingham Gas Jetty, Humber
International Terminal, Immingham Bulk
Terminal)
Conoco and E.ON intakes/outfalls
North Killingholme Pits
North bank inter-tidal area
Estuary suspended sediment concentrations
Sedimentary regime

Estuary wide intertidal area
Estuary wide sea defences
Stone Creek
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Potential impact(s)
Increased sedimentation due to alteration of
flow regime
Increased wave overtopping risk due to wave
reflection off quay
Flow around the edges of the quay may lead to
ships along the frontage becoming detached
Changes to sedimentary regime and
maintenance dredging requirements
Changes to wave climate due to wave reflection
off quay
Increased sedimentation due to alteration of
flow regime
Increased sedimentation due to alteration of
flow regime
Change to sedimentary regime due to alteration
of flow regime
Increase due to capital and maintenance dredge
disposals
Potential for changes to erosion and deposition
patterns due to changes in wave climate as a
result of changes in water levels
Change in area due to changes in water level
and/or tidal prism
Changes to flood risk due to changes in water
levels
Siltation and upstream flooding
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4.

Assessment methodology
Introduction

4.1

An assessment of the impacts of the preliminary quay design has been
carried out using appropriate modelling techniques. Such numerical models
use simplifications of extremely complex natural processes; results should be
considered with this innate simplification in mind. This chapter provides an
overview of the assessment methodology which utilizes these modelling
techniques. These techniques include hydrodynamic modelling, sediment
transport modelling, sediment plume modelling and nearshore wave
transformation modelling. The techniques have been used to simulate the
baseline conditions in hydrodynamic and sedimentary processes in the
Humber Estuary. They have subsequently been used to assess the predicted
impacts on these baseline conditions.
Hydrodynamics
Hydrodynamic model

4.2

An investigation of the impacts of the scheme on hydrodynamic processes
within the Humber Estuary has been carried out using computer modelling
techniques.
A
two dimensional (2D) depth-averaged hydrodynamic
numerical model has been constructed, calibrated and validated in order to
simulate baseline flows within the Estuary. The model grid extends from
Spurn Head to Trent Falls. Farther upstream is represented using a 'labyrinth'
method for representing the tidal channels. The model grid is adjusted to
simulate a scenario that encompasses the scheme, including the quay,
proposed dredged area and compensation site on the north bank. A detailed
description of the development of this model is provided in Appendix C.

4.3

The model simulates currents and water levels within the Estuary due to
fluvial and tidal influences. A Mean High Water Springs (MHWS) tidal cycle
has been simulated using the model, which provides baseline estimates of
currents, water levels and bed shear stresses throughout the tidal cycle.
Alterations to the model grid were made to incorporate the changes
represented by the proposed scheme. Comparisons between the results of
model simulations using this grid with those of the baseline model have
revealed the predicted impacts of the scheme on estuarine hydrodynamic
processes. These are presented in the next chapter.
Sediment processes
Sediment transport modelling

4.4

A non-cohesive2 Sediment Transport (ST) model has been used to simulate
patterns of sediment erosion and deposition within the Humber Estuary. This
2

The Humber Estuary is characterised by a range of cohesive and non-cohesive sediment types (see Chapter 1 in
accompanying geomorphology report (JBA, 2011). A non-cohesive model is used in the present study. An analysis
of cohesive processes is being performed by HR Wallingford. The use of both models to investigate the sediment
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model has then been used to investigate the potential impacts of the scheme
on these morphological patterns.
Furthermore as part of the impact
assessment it has been necessary to use this model to provide estimates of
the potential changes to maintenance dredging requirements within the
Estuary. However, it should be noted that ST models involve a high level of
uncertainty when being used for the purposes of estimating such long-term
morphological change. This is due to a number of factors, which are
summarised by Wei and Li (2004):
4.5

'Sources of uncertainty or error that arise in attempting to scale up the results
of laboratory-scale sediment transport studies for predictive modeling of
geomorphic systems include: (i) model imperfection, (ii) omission of important
processes, (iii) lack of knowledge of initial conditions, (iv) sensitivity to initial
conditions, (v) unresolved heterogeneity, (vi) occurrence of external forcing,
and (vii) inapplicability of the factor of safety concept. Sources of uncertainty
that are unimportant or that can be controlled at small scales and over short
time scales become important in large-scale applications and over long time
scales. Control and repeatability, hallmarks of laboratory-scale experiments,
are usually lacking at the large scales characteristic of geomorphology.
Heterogeneity is an important concomitant of size, and tends to make large
systems unique. Uniqueness implies that prediction cannot be based upon
first-principles quantitative modeling alone, but must be a function of system
history as well. Periodic data collection, feedback, and model updating are
essential where site-specific prediction is required.'

4.6

Due to computational limitations the ST model can only feasibly be run for a
short time period (a few days). However, estimates of maintenance dredging
requirements are needed per annum for direct comparison with recorded
values. Therefore, the ST model results are extrapolated to provide an
estimate of a full year of morphology change. This linear extrapolation also
involves a significant degree of uncertainty. It does not account for the
significant influence on morphology of the seasonality of weather-driven
currents and waves. Moreover it assumes a linear change in morphology,
which is unlikely to be the case due to changes in the hydrodynamic regime
forced by the changed morphology, and also periods of dredging that will
change the morphology further. It is therefore important to consider the
predicted impacts with these limitations of the estimation technique in mind.

4.7

To address the need to account for model uncertainty the model is run for
different conditions in order to produce a range of predicted behaviour. The
presentation of a range of likely behaviour has more credence than the
reporting of deterministic quantities, which may be misleading due to the
potential errors involved. The bed of the Estuary exhibits significant variation
in sediment size, (Buro Happold, 2010; IECS, 2010b) particularly around
Killingholme (see Figure 5). Therefore the uncertainty in the understanding of
sediment sizes within the Estuary is addressed by examining sediment model
simulations for multiple sediment grain sizes: 0.075mm, 0.1mm, 0.15mm,
0.2mm and 0.3mm. This sediment size range is typical of that found in the
response from a proposed development is the same method used in multiple historical ESs (ABPmer, 2009a; 2009b;
2010).

2010s4456 Humber modelling report v9_1.docx

24

area through particle size analysis (IECS, 2011a). Though basic maps of
sediment size distribution are available for the wider Estuary the results of
these studies reveal how variable the size of the sediment can be on a local
scale. Therefore, these grain sizes are specified as estuary-wide for each of
the scenarios. Given that the Estuary consists of these grain sizes in varying
amounts this estuary-wide assumption of constant grain size is not
considered to provide more error than is already inherent in the modelling
technique.
4.8

Previous modelling studies of the Humber Estuary have revealed that the
specification of an inerodible layer (Ormondt and Roelvink, 2004) is a
necessity to prevent unrealistically deep channels forming within the ST
model. In reality the stiff sub-layer of glacial till would prevent significant
erosion below its depth. However, the depth of this layer is variable and
highly uncertain throughout the estuary (see Figure 3). Therefore, a 'hard
bottom' is specified in the model with a depth of 1m below the existing
bathymetry3. Estuary-wide this estimate agrees with a general approximation
of the hard-bottom of the Estuary (see accompanying geomorphology report
which presents evidence of bed thickness throughout the Estuary (JBA
Consulting, 2011)). The model does not simulate erosion below this depth.

4.9

When simulating the fine sediment size (0.075mm) the hard bottom is
specified as being only 10cm below the bathymetric depth. Sediment of this
small size is generally entrained within the tidal flow during both ebb and flood
periods, settling to the bed during slack water. The short period of slack
water allows only a thin layer of fine sized sediment to settle before it is
resuspended in the tidal flow. Therefore, a specification of a non-cohesive
erodible layer for this fine sediment size of anything more than 10cm would
lead to overestimation of the amount of such sediment that would erode. This
would lead to an over-prediction of the accumulation rates within maintenance
dredging areas also.

4.10

In the 'with scheme' scenario the dredged depths of the berths and approach
channel will be within the glacial till (Figure 3) and, therefore, inerodible (i.e.
only accumulation can occur at these locations).

4.11

A description of the ST model used, and its calibration and validation are
provided in Appendix C.
The ST model uses a large number of
parameterisations which crudely represent highly variable processes that are
complex and difficult to measure. A comprehensive assessment of the
sensitivity of the model to equally-valid variations in the values of these
parameterisations would lead to an unhelpfully large range of results.
Therefore the approach is taken to model multiple sediment sizes that are
characteristic of the Humber Estuary, in order to provide a range of potential
sediment transport regimes. Appendix C details how a morphological scaling
factor is used to calibrate the ST model so that observations of sediment
accumulation rates lie within the range predicted by these 3 grain size
simulations. Also detailed is the performance of the ST model in relation to
3

Sensitivity tests examining erodible layer thicknesses of 0.5m and 1.5m for a median grain size of 0.15mm revealed
little (<1%) discrepancy in accumulation rates over the period of the simulation.
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observed accumulation rates elsewhere in the estuary, providing validation for
the model set-up.
4.12

The sediment transport model is run for an 18-day simulation including a 15
day MHWS Spring-Neap tide cycle. The model baseline and 'with scheme'
scenarios were run for the 3 sediment sizes. The impacts of the scheme are
assessed by comparing the model simulations with the scheme in place to the
baseline existing conditions model simulations. The difference between the
scenarios for the 3 cases produces a range of predicted accumulation/erosion
rates consistent with expectations considering previous dredging records.
These rates are used to predict likely changes to maintenance dredging
requirements at the proposed development as well as adjacent facilities.

4.13

The effects of salinity are not simulated by the model. Therefore, densitydriven currents that may result from salinity gradients are not included. These
may have an influence on sediment transport in the Outer Estuary and up
estuary at the salt intrusion limit near Brough (Shell UK, 1987), but much less
influence than tidal flows and waves in the Middle Estuary.

4.14

Waves may enhance bed load transport and suspended transport by
suspension of sediment. Under storm conditions it is likely that silt sized
material will be removed off the intertidal areas, although the effect of waves
will be less within the deeper channels. Under average conditions, the effects
on sediment transport may be limited. The ST model assessment is directed
at assessing the average erosion and deposition patterns in the deeper
waters of the Humber, relevant to maintenance dredging (morphology
changes in the intertidal areas are addressed in the accompanying report on
geomorphology (JBA Consulting, 2011)). As these deeper areas are unlikely
to be strongly affected by wave action the effects of waves on ST processes
has not been simulated.

4.15

The ST modelling technique uses a 2D depth-averaged hydrodynamic flow
field. ST modelling using a 3D hydrodynamic model may lead to significantly
different predictions in transport potential. However, the lack of observations
which would be required to attempt the calibration of a 3D model means that
the resulting uncertainty would not justify the effort involved.
Sediment plume modelling

4.16

The construction of the AMEP development at Killingholme represents a
significant capital dredging operation. The surface alluvium from the area to
be reclaimed is to be removed before the quay is constructed. After
construction of the quay the berth pockets and the approach and turning
areas are to be dredged. This will involve removal of surface alluvium, sand
and gravels and subsurface glacial till. The volumes of material to be
removed from the AMEP site are given in Table 4.

4.17

The material is to be disposed of in the Estuary at specific disposal sites. The
dredged material consists of erodible (soft clay, silt, sands and gravels) and
inerodible (glacial till) material, which will be dumped at separate sites. Site
HU080 (Middle Shoal) has been proposed as the disposal ground for the
erodible material, whereas the sites HU081, HU082 and/or HU083 have been
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proposed as the inerodible material disposal site. The inerodible sites are to
the north of the SDC and the erodible site, Middle Shoal, (HU080) is to the
south (Figure 6).
Figure 6: Proposed disposal sites in the Humber Estuary (©OS OpenData™)

4.18

The inerodible glacial till is to be excavated using a backhoe dredger,
producing large lumps of stiff clay. These will be disposed of at the sites to
the north of the SDC. The disposal of the stiff glacial till clay at these sites is
highly unlikely to add significantly to background SSCs due to the strongly
cohesive nature of the material. The Environmental Statement prepared for
the Hull Riverside Bulk Terminal proposal reported on monitoring of similar
material disposed of at the site during the Immingham Outer Harbour dredge
(ABPmer, 2010). This monitoring showed that little material had been lost
over time. Moreover a multibeam survey showed the outlines of individual
barge loads to be still in place. Therefore, it can be assumed that disposal of
glacial till from the AMEP scheme capital dredge will add negligible material to
the background SSCs. Slow scour of the disposed lumps is expected to
occur, eventually causing the lumps to flatten out to fill the space around
them.

4.19

The erodible material is to be excavated using a Trailer Suction Hopper
Dredger (TSHD). The material is to be dumped at Middle Shoal by opening
the bottom doors of the ship. During disposal the sediment gains momentum
as it accelerates out of the bottom doors and drops to the Estuary bed. A
description of the physical processes involved in dredge disposal is given by
Royal Haskoning (2004). During descent some of the fine material can be
directly entrained into the water column in the form of a passive plume, which
is dispersed by prevailing currents. The momentum of the falling material
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leads to the formation of a dynamic plume along the estuary bed, in which the
sediment spreads out radially from the ship to an area encompassing
approximately 100m2 (Royal Haskoning, 2004).
4.20

For the erodible material disposal the majority of material will be contained
within the dynamic plume that will settle on the bed of the Estuary. This will
encompass virtually all coarse material (sand and gravels), the individual
grains of which will exhibit a relatively large size and mass. This material is
likely to wash back and forth along the bed in the tidal currents. A proportion
of the finer material will be entrained into the passive plume that will disperse
away from the disposal site. As this passive plume is dispersed throughout
the Estuary by currents it will add to background SSCs. Therefore, an
assessment has been performed to examine the significance of this likely
impact.

4.21

In order to examine the likely fate of the passive plume, a sediment plume
model termed the Particle Tracking Model (PTM: see Appendix C) has been
used. This model tracks the fate of sediment in a specified hydrodynamic
flow field after entering the domain from a source. The source was specified
as the location of the Middle Shoal disposal ground. The source was set at
3m below the water level, as this is the approximate draught of the ship that
will dump the sediment.

4.22

The rate at which sediment was specified as entering the flow field was
determined from the preliminary dredge programme. This states that a TSHD
will pick up 630m3 of sediment from the AMEP site and dump it at the disposal
site over a period of 15 minutes. The total cycle time for this procedure would
be 142 minutes. For the dredging of 280,000m3 of surface alluvium this would
necessitate 444 round trips. The surface alluvium is not compacted and,
therefore, a density of 1,250 kg/m3 is assumed, which is typical of superficial
sediment in the Estuary (ABPHES, 2008). Therefore, approximately 788
tonnes of material will be disposed of during each return trip.

4.23

The surface alluvium is made up from a range of sediment types, with median
sediment sizes measured from a number of sediment cores in the range
0.005 to 0.4mm (Buro Happold, 2010). As described above only a proportion
of the total load of sediment will entrain into the water column as the passive
plume. The cores indicate that approximately 50% of the surface alluvium is
constituted from sediment smaller than 0.1mm (fine sand). It is assumed that
half of this fine material is entrained, leading to an assumption of the passive
plume consisting of 25% of the total disposed load. This percentage of
volume approximation for the passive plume is consistent with similar studies
of dredge release of similar material in the Humber Estuary (e.g. ABPmer,
2009a).

4.24

The modelling of the silt in the passive plume silt assumes a distribution of
grain sizes in the range 0.001mm to 0.05mm with a mean of 0.01mm. The
disposal occurs over 15 minutes, leading to a source term rate of 219kg/s.
No release of sediment occurs in the 127 minutes during which the TSHD is
away from the disposal site.
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4.25

The fate of this schedule of sediment dumping has been modelled using the
PTM. The 18-day model simulation including the 15 day Spring-Neap cycle
(see Appendix C) was scaled in order to represent a MHWS level at
Immingham during the Spring tides. The 444 cycles of disposal would take
44 days if performed consecutively. In reality due to downtime, the dredge
programme would take slightly longer, and disposals would be slightly more
spread out over time. It is not feasible to run the PTM for this amount of time
for this scenario. Therefore, a 14-day run was performed and the results
were extrapolated in order to assess the impacts over the longer period. After
14 days of the disposal cycle the source was stopped and the simulation was
continued for a further 4 days. This was to investigate the fate of enhanced
SSCs after the dredge programme ceased.

4.26

The PTM assumes a zero background concentration within the Estuary.
Therefore, it does not simulate the existing background SSCs, only the
potential additional SSC due to the passive plume. This method of examining
the SSCs due to dredge disposal independently is in keeping with
methodologies used by similar studies (e.g. ABPmer, 2009a). However, the
potential hindering of falling sediment that may occur due to existing sediment
within the water column is not simulated. Typically, hindered settling will not
occur below about 2 - 3 g/l, which is around 2000 - 3000 mg/l. Therefore,
given the general level of concentrations in the Humber Estuary hindered
settling can be ignored

4.27

During the lifetime of the quay sediment will accumulate in the dredged areas.
This is to be removed by maintenance dredging. Sediment dredged from
nearby facilities at Immingham typically exhibits similar density to that
specified above. Therefore, the results of the sediment plume modelling for
capital dredging will be applicable to maintenance dredging.
Wave overtopping assessment

4.28

The proposed quay structure will be exposed to waves within the Estuary.
Therefore, it will be susceptible to flood risk from wave overtopping. Planning
Policy Statement (PPS) 25 is used when considering flood risk and new
development.
This provides advice on what type of development is
appropriate in each Flood Zone (delineating range of risk). Port infrastructure
(i.e. docks in this case) is regarded as “water compatible” and appropriate for
the Estuary environment at the proposed development location, subject to the
completion of an acceptable Flood Risk Assessment. Of relevance to the
content of the FRA, PPS25 has a policy aim to “reduce the overall level of
flood risk in the area through the layout and form of the development”. The
Environment Agency has recommended that Able include an assessment of
the potential wave overtopping rates. The Agency has three requirements:
1. Demonstration that wave overtopping waters can be managed without
enhancing flood risk in the hinterland. This issue will be dealt with
within the Flood Risk Assessment completed for the development.
2. Demonstration that the new port facility will be designed so as to be
reasonably safe for current and future potential users.

2010s4456 Humber modelling report v9_1.docx

29

3. Check whether wave reflections from new development could cause
additional wave overtopping hazard at existing adjacent structures.
4.29

Guidance on specific overtopping rates and their likely consequences is
provided by the EurOtop manual (Pullen et al., 2007). Relevant suggested
limits are reproduced in Table 6 to Table 8.
Table 6: Limits for overtopping for pedestrians
Hazard type and reason

Mean discharge, q (l/s/m)

Appropriately trained and prepared staff, who
are expecting adverse conditions (the main
concern for the development)
Aware pedestrian, who will tolerate getting wet
and with a clear sight of the sea

1-10

0.1

Table 7: Limits for overtopping for vehicles
Hazard type and reason

Mean discharge, q (l/s/m)

Driving at low speed, overtopping by pulsating
flows at low flow depths, no falling jets, vehicle
not immersed
Driving at moderate or high speed, impulsive
overtopping giving falling or high velocity jets
(not likely to be relevant to Able MEP)

10-50

0.01-0.05

Table 8: Limits for overtopping for damage to “promenade or revetment seawalls”
Hazard type and reason

Mean discharge, q (l/s/m)

Damage to paved or armoured promenade
behind seawall (the more likely structural form)
Damage to grassed or lightly protected
promenade or reclamation cover (unlikely to be
relevant to the development)

200
50

4.30

Furthermore the manual states that, as a rule of thumb, the hazard effect of
an overtopping discharge at a point x metres back from the sea wall crest will
be to reduce the overtopping discharge by a factor of x (over a range of 525m).

4.31

Taking cognisance of this guidance the quay is designed to accommodate the
following criteria:
For functional safety (and prevent too frequent cessation of operation),
a limit of 10 l/s/m for a relatively frequent overtopping event should
ideally be imposed given that access to the frontage can be controlled;
For structural integrity, a limit of 200 l/s/m for a 1:200-year overtopping
event should be imposed along the front and side of the quay where a
concrete pavement is proposed.
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4.32

The Environment Agency suggests that the lifetime of the quay be set at 100
years. Therefore, the above criteria must be fulfilled for overtopping events
that incorporate PPS25 guidance on sea level rise for this length of time.

4.33

Flood risk at the quay and adjacent sea defences has been assessed using
recently developed guidance on wave overtopping calculations provided by
the EurOtop manual (Pullen et al., 2007). The worst case scenario of wave
overtopping at the quay has been assessed. In order to determine the worst
case scenario consideration must be given to the profiles of the sides of the
quay as well as the local wave climate. Wave overtopping at the frontage is
assessed using the Neural Network Tool described in the EurOtop manual.
This method estimates wave overtopping using multiple parameters to specify
the form of the defence to be analyzed.
Overtopping of the main quay frontage

4.34

The quay frontage is directly exposed to waves propagating toward it from the
north shore. However waves from upstream and downstream that will impact
at an angle are likely to be much larger due to the far greater fetch (fetch
lengths are approximately: 4km to the north shore, 12km to Hull, 23km to
Spurn Head). A worst case scenario is for downstream waves to impact at an
angle of 52˚ to a line perpendicular to the frontage (Figure 7). The quay front
consists of a vertical wall, which is described using the Neural Network Tool.
Descriptions of the 15 parameters that are specified as inputs to this tool are
given in Table 9, along with the values used to describe the vertical wall of the
quay frontage. The conservative roughness coefficient choice of 1 assumes
that the defence has a smooth surface.
Figure 7: Incident angle of worst case wave attack along the quay frontage
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Table 9: Neural Network overtopping calculation tool parameters for various defences
Neural Network parameter
1. Angle of Wave attack (˚)
2. Water depth in front of structure
(m)
3. Significant Wave Height at the toe
of structure (m)
4. Wave period (s)
5. Water depth at the toe of structure
(m)
6. Width of toe (m)
7. Roughness coefficient
8. Angle of down slope (cotangent)
9. Angle of upper slope (cotangent)
10. Crest freeboard in relation to
SWL (m)
11. Berm width (m)
12. Water depth at the berm of the
structure (m)
13. Berm slope (m)
14. Armour freeboard in relation to
SWL (m)
15. Armour width (m)
* SWL: Still Water Level
** Tm-1,0

Quay frontage
vertical wall

Quay side
revetment

Sea defence

52
SWL* + 14.9

0
SWL + 1.5

0
5.66 - 2.5 = 3.16

Hs

Hs

1.62

Tm-1,0 **
(same as 2.)

Tm-1.0
(same as 2.)

4.5
(same as 2.)

0
1
0
0
6.1 - SWL

0
0.55
2
2
7.1 - SWL

0
1
3
0
6.2 – 5.66 = 0.54

0
0

0
0

0
0

0
(same as 10.)

0
(same as 10.)

0
(same as 10.)

0

0

0

Overtopping of the south or north quay faces

4.35

The largest waves are likely to originate from the south-east: the direction of
greatest fetch length. However, the quay will be somewhat protected along
the south face by the area of reclaimed land at the Immingham Bulk Terminal.
The rake piled structures of the South Killingholme Oil Jetty and adjacent
Immingham Gas Jetty to the south will also reduce wave energy propagating
towards the AMEP site due to frictional effects. During extreme wave activity
there is a 90m long stretch of the south side of the quay that is „exposed‟.
Towards the southern shoreline the quay side diverts to the north and is,
therefore, sheltered. Towards the northern shoreline the quay side is
protected by the breakwater and 60m of water. Therefore, any wave
overtopping at the breakwater is highly unlikely to pose a risk on the surface
of the quay.

4.36

Wave overtopping calculations are performed using the Neural Network Tool
parameters specified in Table 9 to describe the revetment defence. A worst
case scenario of waves hitting the defence directly is specified. The rock face
is denoted by a roughness coefficient of 0.55, deduced from guidance
provided in the EurOtop manual. The proposed revetment on the north side
of the quay is of identical structure. Therefore the wave overtopping
calculations for the south side apply to the north side too.
Wave reflection modelling

4.37

When waves meet the edges of the proposed quay there will be a degree of
reflected wave energy. This raises the issue of the possibility of increased
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flood risk at EA maintained defences adjacent to the quay due to greater
wave heights (the standard of protection at the defences is for a 1 in 150 year
event4).
4.38

An assessment has been carried out to examine whether wave reflection due
to the AMEP quay will lead to an increase wave heights and flood risk
assuming no increase in bed elevation for the 100 year climate change
scenario. An assessment of wave propagation and reflection around the area
of the quay was performed using the nearshore wave transformation model
CMS-Wave using the same model grid as the hydrodynamic flow model (see
Appendix C for a description). The 1:200-year joint probability event (plus
CC) has been simulated in order to show possible increases in wave
overtopping due to wave reflection. It is understood that the standard of
protection of the defence is lower than this but that the EA have plans to raise
this to such a level in the future.

4.39

The coastal defences at South Killingholme take the form of a small vertical
wall fronted by a 1:3 gradient smooth slope. The crest of the wall is 6.2mOD,
the top of the slope area is 5.0mOD and the toe is at 2.5mOD. Figure 8
shows a photograph of a stretch of this sea defence at Killingholme. Wave
overtopping calculations were performed for this defence using neural
network parameters specified in Table 9.
A conservative roughness
coefficient of 1 (perfectly smooth) is assumed for the defence. This is
because the defence exhibits considerable variation along the coastline, in
parts covered with grass and fronted by fine sediment (as opposed to the
friction-inducing cobbles shown on the foreshore in the photograph).
Figure 8: Coastal sea defence along the Killingholme shore

4

Letter from EA to JBA Consulting, 29/10/2010, ref CCN/2010/25421
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4.40

The defence is fronted by a foreshore of gradient 1:405. This foreshore will
lead to depth limitation of certain wave conditions. This depth limitation
dominates for joint probability water level/wave height combinations (for
1:200-year events in 2114) for waves higher than 1.6m (accompanying water
levels are lower than 5.63mOD).
Therefore, only joint probability
permutations with waves lower than this (and therefore higher water levels)
will be relevant to the reflection issue.

4.41

The percentage of incident wave energy that is reflected by a surface is
dependent on the nature of that surface. For a perfect reflector a coefficient
of reflection of 1.0 is specified. The sides of the quay will take the form of a
slope with a gradient of 1:2, with a surface made from rocks with a mean
diameter of 600mm. An estimation of a reflection coefficient for such a
structure involves some uncertainty. Energy will be dissipated by friction
against the rough surface, accentuated by the slope exposing a greater area
of roughness. A value of 0.7 is estimated which is conservative for rubble
mound breakwaters (Muttray et al., 2006).
In-combination

4.42

As part of the EIA process an assessment of the impacts of the proposed
development in-combination with other developments that are proposed or
consented within the Estuary in the nearby future has been performed. Major
developments that have been consented and are large enough to have the
potential to lead to cumulative impacts on Humber Estuary receptors incombination with the AMEP scheme are:
Sunk Dredged Channel Deepening: this proposal involves a large
dredging operation to deepen the SDC in order to allow passage of
larger ships through to the middle estuary (ABPmer, 2009a);
Grimsby Ro-Ro berth: this proposal involves the construction of a roll
on-roll off facility at Grimsby Docks, consisting of a floating pontoon,
dredged berthing area and approach channel. The berth is to
accommodate vessels too large to enter the existing locks at Grimsby
(ABPmer, 2009b);
Quay 2005: this proposal involves the redevelopment of the inter-tidal
area near Hull including a new dredged area (ERM, 2000);
Hull Riverside Bulk Terminal: this proposal involves the construction of
a jetty with a dredged area to accommodate berthing ships near Hull
(ABPmer, 2010). Dredging of the entrance to Halton Middle from
Whitebooth Road is proposed, to 7m below CD.

4.43

The assessment examines the predicted changes to the Humber Estuary due
to these four proposed developments, and compares this with the changes
predicted due to these developments in-combination with the current
proposal. This is performed by running two further model simulations: one
5

Due to accumulation to the north of the reclamation area associated with the Humber International Terminal the
foreshore slope varies considerably from 1:40 to 1:100. To be conservative the steepest foreshore is assumed.
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with the extra developments detailed above added to the existing conditions
model grid, and one with this model grid plus the components of the AMEP
scheme (quay, dredged area and compensation site).
4.44

The in-combination development that is proposed closest to the AMEP site is
the capital dredging at Halton Middle, to a depth of 7m CD. However, upon
inspection it was found that the proposed area for this dredging in the 2009/10
bathymetry data used in the present model was already below this level.
Therefore, the effects of this level of dredging are already accounted for in the
baseline model simulations.
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5.

Impacts
Introduction

5.1

The methodology for assessing the baseline and likely impacts on
hydrodynamic and sedimentary processes of the scheme has been described
in the previous chapter.
This chapter presents the results of the
assessments.
Water levels
Sensitive receptors

5.2

Receptors sensitive to changes in water levels are:
Coastal sea defences and other estuary users: potential for changes to
flood risk due to changes in water levels;
Sedimentary regime: potential for changes to erosion and deposition
patterns due to changes in wave climate as a result of changes in
water levels;
Intertidal areas and saltmarsh: changes to intertidal areas due to
changes in water levels;
Aquatic ecology (addressed by an accompanying assessment (ERM,
2011)).
Impacts of scheme

5.3

The impacts on water levels of the scheme (AMEP quay, dredged berths and
turning area, compensation site) have been assessed using the numerical
hydrodynamic model. Simulations of a MHWS tide were performed for the
'With Scheme' and 'Baseline' scenarios. The maximum and minimum water
levels were calculated from the simulations in order to investigate any
absolute changes in levels during times of High and Low Waters, respectively.

5.4

It is worth noting here the inherent uncertainties involved in using this
modelling technique to predict changes in water levels throughout the
Estuary. Differences between two separate model simulations will involve a
degree of 'numerical noise' generated by the discretized equations of motions
and various model parameterizations (e.g. the wetting and drying algorithm
used to simulate inter-tidal areas). Such noise, therefore, would not represent
a physical difference. It is recommended that little confidence be attached to
any simulated changes less than 1cm in magnitude.

5.5

Figure 9 shows the predicted change in High Water levels in the Humber
Estuary due to the scheme. Predicted magnitudes of high uncertainty (<1cm)
are not shown. The changes outside of the domain shown are millimetric
and, therefore, highly uncertain. As can be seen there is a small localised
decrease in High Water of up to 2cm near the HST. This appears to be a
result of a recirculation pattern that occurs in the wake of the quay during
flooding flow (see section on impacts on currents). Also, a small decrease of
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1cm is evident over the dredged berthing areas of the AMEP quay. The
model predicts changes to Low Water levels to be everywhere less than
5mm, which is smaller than the magnitude of error that should be ascribed to
model water levels. Such a level of change if real would be overshadowed by
projected sea-level change over the lifetime of the development.
5.6

A model simulation was performed without the compensation site included in
the model grid. The difference in maximum water levels between this model
simulation and that of the scheme including the compensation site was
everywhere less than 2mm in magnitude, which is indistinguishable from
model noise. The model is, therefore, insensitive to reductions in the size of
the compensation site, and the predicted change in water levels is due to the
alteration of the flow regime irrespective of the compensation site.
Figure 9: Change in High Water level (with scheme minus baseline)
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5.7

Figure 10 and Figure 11 show time series of the existing water level at
different locations in the Estuary (the locations are shown in Figure 12).
Changes in these time series at these locations due to the scheme are also
shown. Considering the model error described above, negligible change is
predicted at these locations or farther away from the proposed quay.

5.8

In terms of water volume, the quay displaces 1.1x10 6m3 at Low Water, which
represents 0.1% of the Estuary Low Water volume (paragraph 2.7). The
proposed dredged area represents a 1.7x106m3 increase in volume locally,
but as the dredged material will be disposed elsewhere in the Estuary there is
no overall related-change Estuary-wide.
Figure 10: Predicted changes in water levels in the Humber Estuary due to scheme
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Figure 11: Predicted changes in water level throughout the Estuary due to the scheme (cont.)
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Figure 12: Locations of observations and hindcast data points in the Humber Estuary

In-combination impacts

5.9

Figure 13 shows the change in High Water levels throughout the Estuary
between the 'in-combination with scheme' scenario (all future developments
with scheme) and the existing conditions (no scheme or future
developments). Changes small enough to be indistinguishable from model
noise (< 1cm) are not shown. The decrease in water levels at the HST due to
the scheme are unaffected by other developments. The model predicts6 a
slight decrease near to Quay 2005 of up to 2cm.

6

Model results may differ slightly from those reported for the models used to assess the impacts of the other
developments. This will be due to different sources of model bathymetry, as well as different model calibration and
validation processes.
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Figure 13: Change in High Water level (in-combination with scheme minus baseline)

5.10

Figure 14 shows time series of the changes in water levels in the Middle
Estuary from the present day baseline for 'in-combination with scheme' and
'in-combination baseline' (this is the existing Estuary including other future
developments highlighted in chapter 4). It can be seen that at Immingham the
change to the baseline water levels is approximately 1cm approaching high
water and -1cm approaching low water. The plot reveals that this change to
the low water levels is entirely due to the other proposed developments.
However, approaching high water the scheme is responsible for
approximately 50% of the predicted increase in water levels. This is
consistent with the impacts due to the scheme alone described in the
previous section. At other locations within the Middle Estuary the differences
between the two change plots are negligible. This shows that in these areas
the likely change due to natural processes and due to the other developments
is greater than that of the proposed scheme. However, it should be noted that
the changes are within the model error bounds of ±1cm, with the average
change in water level effectively zero at all locations. The rapid establishment
of managed realignment sites across the estuary will help to counter the effect
of water level change.
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Figure 14: Predicted changes in water level: in-combination impacts
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Summary of impacts

5.11

Model predictions of changes less than 1cm are within the bounds of
numerical noise and should be associated with very large uncertainty with
respect to impacts. It would not even be possible to measure this level of
variation in the field given the various uncertainties in field measurement
techniques. In addition, some of the differences may be due to subtle
changes in the phasing of the tide rather than representing an absolute
change in water level.

5.12

With consideration to these caveats, predictions show a potential decrease in
water levels due to the scheme at High Water of up to 2cm at the HST,
reducing quickly with distance. This change is unaffected by other future
developments. Predictions of water level changes elsewhere in the Estuary
are indistinguishable from model error. There is, therefore, no impact on flood
risk at the estuary sea defences due to potential increases in water level due
to the scheme. There is also no impact on the sedimentary regime due to
potential changes in wave activity brought about by changes in mean water
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levels. A small decrease in Low Water levels is predicted. However, due to
this prediction being within the bounds of numerical model error any
deduction of possible increases in intertidal area would be highly uncertain.
In conclusion no impact in flood risk due to still water levels is predicted.
Currents
Sensitive receptors

5.13

Estuary receptors will be sensitive to the changes on the sedimentary regime
brought about by changes to the flow regime. This is discussed further in the
assessment of changes to bed shear stresses and sediment transport.

5.14

Navigation near to the quay and docking alongside the frontage may be
affected due to the altered flow regime.
Impacts of scheme

5.15

The scheme comprises three distinct alterations to the Estuary that will each
lead to the potential for changes to the hydrodynamic flow. The AMEP quay
will protrude into the Estuary and, therefore, narrow it, representing an area of
constricted and subsequently faster flow speeds. The dredged area will
deepen the existing the bathymetry, which may act to slow the current speeds
through the area as the baseline flow passes through a greater crosssectional area. Finally the addition of a compensation site on the north bank
provides a new channel through which water can flow out of the existing
estuary limits.

5.16

Figure 15 and Figure 16 show the changes in peak flow speeds due to the
scheme during flooding and ebbing tides, respectively. The quay leads to a
large reduction in flow at the northern and southern sides during the tidal
cycle. This also true directly adjacent to the north bank-facing quay frontage
where a flow separation zone exists. On a larger scale the tidal flow is forced
through a narrower estuary and, therefore, a slight increase from
approximately 1.31m/s to 1.40m/s (an increase of 7%) is predicted just
offshore of the quay frontage. This increase is largest nearest to the quay,
decreasing with distance. The effects of the narrower estuary on current
speeds are partially offset by the deeper bathymetry near the quay due to the
proposed dredged approach area. This is particularly evident during the
flooding tide over the northern section of the AMEP approach channel, which
is the deepest area, resulting in no predicted increase from the baseline
currents here (Figure 15). Along the edge of the north bank the modelled
baseline current magnitude is 0.23m/s. The predicted increase due to the
scheme is 0.003m/s (1%). However, due to the very small nature of this
value significant caution should be used in associating a level of certainty to it.
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Figure 15: Change in peak flows during a rising MHWS tide due to the scheme

7

7

The triangle area of white to the south east of the quay, adjacent to the reclamation area of the Humber
International Terminal, is intertidal area where there is no data at these times (as opposed to there being no change
in current speed).
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Figure 16: Change in peak flows during a falling MHWS tide due to the scheme

5.17

8

During peak flood flow a recirculation area forms in the wake of the quay,
centred on the HST (Figure 17). This leads to reduced flow offshore and
increased current speeds over the intertidal area at the HST and North
Killingholme Pits. This has ramifications for bed shear stress patterns that are
discussed in the next section.

8

The triangle area of white to the south east of the quay, adjacent to the reclamation area of the Humber
International Terminal, is intertidal area where there is no data at these times (as opposed to there being no change
in current speed).
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Figure 17: As Figure 15 magnified to north of AMEP quay

5.18

Figure 18 and Figure 19 show the change in current speeds at locations in the
Estuary over time (the states of the water levels are shown in Figure 10 and
Figure 11). At Immingham, during the rising tide, the change in speed due to
the quay is shown as a decrease of approximately 4%, which is consistent
with the small build-up of water here. The change diagram then shows that
the 'with scheme' scenario predicts faster flow, but this is due to a slight shift
in the timing of the turning of the tide (the model predicts the tide turns slightly
sooner here due to the presence of the quay). However, the change
becomes negligible by the middle of the ebb tide period. At the location of
ADCP2, which is just up estuary from the proposed quay location, during the
rising tide there is a modest increase in speed here due to the scheme of
2.5%. The increase during the ebbing tide is much smaller. Changes in
current speed up estuary and down estuary of the proposed quay location (at
TotalTide points C and D) are negligible.
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Figure 18: Predicted changes to current speeds throughout the estuary due to the scheme
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Figure 19: Predicted changes to current speeds throughout the estuary due to the scheme
(cont.)
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5.19

As expected increased flow can be seen around the compensation site
breach location during both phases of tidal flow. This is due to water flowing
in and out of the site through a narrow channel. However, it should be noted
that the model resolution here is coarse, leading to a poor representation of
the large drainage creek that runs in front of the site. Therefore, the model
flow here is likely to contain significant uncertainty. A detailed high-resolution
modelling investigation of the flow speeds at the compensation site is being
carried out by Black & Veatch, which will examine possible ramifications on
the local morphology.

5.20

The changes in tidal flow magnitudes are negligible as far as navigational
considerations through the Estuary are concerned. However the Harbour
Master has raised the concern that increased flow at the edges of the quay
may lead to ships moored along the quay frontage becoming detached.
Figure 20 and Figure 21 show the peak flow speeds during a MHWS tide at
the edges of the quay for ebbing and flooding flow respectively. The
presence of breakwaters at both ends of the quay ensures that wide flow
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separation zones form before the edges of the quay frontage where ships
may be berthed. Therefore, such ships should be safe from being detached
by tidal flow around the quay edges. However the predicted rotational flow
that occurs along the front of the quay within this separation zone may affect
the docking procedure of ships approaching the quay.
Figure 20: Current magnitudes at the north of the quay during peak MHWS ebb flow

Figure 21: Current magnitudes at the south of the quay during peak MHWS flood flow
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In-combination impacts

5.21

Figure 22 and Figure 23 show the predicted change in estuary-wide current
speeds from the existing baseline (no future developments) due to the 'incombination with scheme' scenario (all future developments including AMEP)
during peak MHWS flooding and ebbing flow respectively. Changes to flow
patterns are distinct and separate for the various developments. The patterns
of change around the AMEP quay are the same as for the scheme when
considered without other future developments.

Figure 22: Changes to peak MHWS flood flow speeds (In-combination with scheme minus
baseline)
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Figure 23: Changes to peak MHWS ebb flow speeds (In-combination with scheme minus
baseline)

5.22

Figure 24 shows the predicted impacts on current magnitudes in the Estuary
due to the other proposed developments with and without the AMEP scheme.
It can be seen that at Immingham and the ADCP2 location the changes to
currents are dominated by the impacts due to the AMEP scheme. These
changes are effectively the same as those due to the scheme alone,
described above. In-combination impacts farther away from the site at
TotalTide locations C and D are negligible.

2010s4456 Humber modelling report v9_1.docx

52

Figure 24: Predicted changes in current magnitudes: in-combination impacts

Immingham: in-combination minus baseline (m/s)
0.05

0
In comb w ith scheme
In comb no scheme
-0.05
ADCP2: in-combination minus baseline (m/s)
0.05

0

-0.05
TotalTide D: in-combination minus baseline (m/s)
0.05

0

-0.05
TotalTide C: in-combination minus baseline (m/s)
0.05

0

-0.05

Summary of impacts

5.23

Current speeds are decreased in the intertidal areas to the north-west and
south-east of the quay over the tidal cycle. The ramifications for this are
discussed in the separate geomorphology report. This decrease extends into
the sub-tidal area, leading to decreased velocities at the berths of the HST,
South Killlingholme Oil Jetty, Immingham Gas Terminal, Humber International
Terminal and Immingham Bulk Terminal. The implications for this are
discussed in the assessment of sediment transport impacts.

5.24

During the rising tide a recirculation pattern emerges in the wake of the quay,
centred on the HST. This leads to increased flow speeds over the inter-tidal
area at the HST and North Killingholme Pits. The quay narrows the Estuary
and, therefore, leads to increased flow speeds between it and the north bank,
which are greatest nearer to the quay. Very slight increases are predicted on
the north bank intertidal area as a consequence. The implications for these
points are discussed in the bed shear stress impacts assessment.
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5.25

In terms of estuary-wide currents, the separate future developments are
sufficiently far apart to have no noticeable additive impact.

5.26

The presence of the breakwaters ensures a wide flow separation zone occurs
along the quay frontage. Therefore, ships should not be at risk of detachment
due to tidal flow.

5.27

Impacts on the potential for creation of saltmarsh and intertidal areas near to
the quay due to the impact on the local current regime are addressed in the
accompanying geomorphology report (JBA Consulting, 2011).
Bed shear stresses
Sensitive receptors

5.28

Receptors that are sensitive to changes in bed shear stress are sensitive to
the impacts that these changes will have on the sedimentary regime. These
include:
Intertidal areas directly to the north-west and south-east of the quay:
potential for increased sedimentation due to alteration of flow regime;
Nearby port facilities (Humber Sea Terminal, Humber Work Boats,
South Killingholme Oil Jetty, Immingham Gas Jetty, Humber
International Terminal, Immingham Bulk Terminal, Immingham Docks):
potential for changes to sedimentary regime and maintenance dredging
requirements;
Centrica and E.ON intakes/outfalls: increased sedimentation due to
alteration of flow regime;
North Killingholme Pits: increased sedimentation due to alteration of
flow regime;
North bank intertidal area: change to sedimentary regime due to
alteration of flow regime
Impacts of scheme

5.29

Changes to the local hydrodynamic flow regime due to the scheme will be
manifested in bed shear stresses. Figure 25 and Figure 26 show the
predicted changes to bed shear stresses due to the scheme during peak flood
and ebb flows, respectively. The increase in tidal currents in the narrower
estuary leads to increased bed shear stress here. Increases in the proposed
dredged approach area are approximately 20% of the baseline stress.
Farther towards the middle of the Estuary the increases represent a much
smaller proportion of the larger bed stresses experienced here. During each
phase of the tide, flow is suppressed at the sides of the quay structure,
leading to decreased bed shear stresses. A hydrodynamic wake occurs,
reducing the flow in the lee of the quay, again leading to decreased bed shear
stresses in these areas. The berthing areas along the quay front also
experience reduced flow due to the increase in depth. Further modelling of
the shear stress pattern has been undertaken linked to modified quay designs
and this is reported in Appendix D.
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Impacts on intakes and outfalls
5.30

During flood flow, the intakes and outfalls are in the lee of the quay, and
experience a predicted decrease in bed shear stress due to the scheme of
over 99%. The restricted flow at this location during ebbing tides leads to a
decrease of approximately 30% at the Centrica intake/outfall farthest to the
north of the quay, and 70% at the E.ON intake/outfall closest to the northern
side of the quay.
Figure 25: Peak bed shear stress change due to scheme during a rising MHWS tide9

9

The triangle area of white to the south east of the quay, adjacent to the reclamation area of the Humber
International Terminal, is inter-tidal area where there is no data at these times (as opposed to there being no change
in current speed). The same applies to other similar figures in this report - Figure 25, 26 etc.
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Figure 26: Peak bed shear stress change due to scheme during a falling MHWS tide10

Impacts on HST
5.31

Circulation patterns occur in the lee of the quay. The pattern which forms
during flood flow in the vicinity of the HST is particularly significant in terms of
predicted bed shear stress change (see previous section on current changes).
Reductions are predicted in the approach channel to the HST of
approximately 60-90%. The circulation pattern leads to increases in bed
stress offshore from the HST of approximately 30%. The return current of the
circulation leads to increased stresses along the shoreline near the HST.

5.32

A few distinct patterns of morphology change can be inferred from these
predictions of bed shear stress change. The reduction in the baseline bed
shear stresses to the north-west and south-east of the proposed quay may
lead to increased accumulation in these areas. This is likely to lead to
increased dredging requirements in the north for the HST approach channel,
and for the port facilities to the south. The decrease in shear stresses along
the quay frontage is likely to lead to accumulation in the deep berths.
Increased bed shear stresses in the proposed approach channel might lead to
reduced accumulation here, mitigating the need for maintenance dredging for
this area.
In-combination impacts

5.33

The analysis of the in-combination impacts on current speeds found that there
will be negligible changes just up estuary and down estuary of the scheme,
10

The triangle area of white to the south east of the quay, adjacent to the reclamation area of the Humber
International Terminal, is inter-tidal area where there is no data at these times (as opposed to there being no change
in current speed).
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with local changes entirely due to the scheme. There will be no incombination impacts on waves. Therefore, the 'in-combination with scheme'
impacts on bed shear stresses exhibit negligible differences to those due to
the scheme alone.
Summary of impacts

5.34

The bed shear stress is the frictional force exerted on an area of riverbed by
the current flowing over it. Therefore, it is an important quantity in the study of
sediment transport processes because it represents the flow-induced force
acting on the bed sediments. However, large changes in bed shear stress
may not result in any substantial increase in sediment transport, due to the
nature of the underlying sediment.

5.35

The changes highlighted in the previous section on currents are manifested in
changes to the bed shear stress regime near Killingholme. Large reductions
in bed shear stress occur in the wake of the quay during tidal flow. The
severity of these is reduced with distance from the quay. The reductions
cover the intakes and outfalls, the HST, the South Killingholme Oil Jetty, the
Immingham Gas Jetty, the Humber International Terminal and the
Immingham Bulk Terminal, in order of reducing severity. This is likely to lead
to increased sedimentation in these areas to a degree dependent on the
distance from the quay.

5.36

The recirculation pattern on the rising tide at the HST leads to increased
shear stress near the foreshore around North Killingholme Pits. Therefore,
there is unlikely to be an increase in siltation here, but rather the potential for
erosion. Humber Work Boats are also based at the shoreline at this location.
The potential for erosion along the intertidal area should not impact upon their
shipping operations, and may reduce any maintenance dredging required.
Short-term sediment transport processes
Sensitive receptors

5.37

Sensitive receptors to changes to the sedimentary regime include:
Intertidal areas directly to north-west and south-east of the quay:
potential for increased sedimentation due to alteration of flow regime;
Nearby port facilities (Humber Sea Terminal, Humber Work Boats,
South Killingholme Oil Jetty, Immingham Gas Jetty, Humber
International Terminal, Immingham Bulk Terminal, Immingham Docks):
potential for changes to sedimentary regime and maintenance dredging
requirements;
Conoco and E.ON intakes/outfalls: increased sedimentation due to
alteration of flow regime;
North Killingholme Pits: increased sedimentation due to alteration of
flow regime;
North bank intertidal area: change to sedimentary regime due to
alteration of flow regime;
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Estuary suspended sediment concentrations: capital and maintenance
dredging may impact upon these.
Impacts of scheme

5.38

The impacts of the scheme on baseline currents and bed shear stresses are
likely to be manifested in predicted sediment transport impacts.
A
comparison between the ST model simulations of the scheme and baseline
scenarios reveals the general nature of these predicted impacts. Figure 27
shows the difference after 18 days in model simulated morphology change
between the 'with scheme' and baseline scenarios. The predicted patterns of
erosion and deposition change can be linked to the predicted changes in bed
shear stress throughout the tidal cycle (Figure 25 and Figure 26).
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Figure 27: Difference in model morphology change after an 18 day simulation (scheme minus
baseline) (red is deposition, blue is erosion)11

11

Sediment transport in the inter-tidal areas is not well resolved by the ST model, as flows here are infrequent and of
much less magnitude than in sub-tidal areas. These areas therefore do not show much change. Geomorphological
analysis is used to infer changes in these areas - see JBA Consulting (2011)
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5.39

A predominant feature in the impacts on bed shear stress is the reduction to
the north and south of the quay due to the blocking nature of its presence.
These reductions lead to areas of increased deposition in the ST model
simulation. To the north of the quay these areas encompass the approach
channel to the HST, and the power station inlet and outfall, as well as
maritime access to Humber Work Boats. To the south these areas
encompass the South Killingholme Oil Jetty, Immingham Gas Jetty, Humber
International Terminal and the Immingham Bulk Terminal. The area of
increased depths along the quay frontage that leads to reduced bed shear
stress leads to increased deposition in the deep berths.

5.40

General accumulation occurs within the dredged area. The predicted
changes to the flow regime in the region of the HST highlighted by the
impacts on flooding flow-related bed shear stress lead to increased deposition
here. Predominant areas of erosion are predicted at the edges of the
dredged AMEP approach area. This process is most prominent to the north
of the dredged area, where the existing bathymetry drops from -9.9mOD to 12.9mOD due to dredging.

5.41

Areas of predicted sedimentation change outside of the location shown
experience smaller rates of erosion and deposition. The model predicts that
at a distance of greater than 2km away from the development, rates of
change over the 18-day model simulation are less than 1cm in magnitude.
This value is likely to be dominated by the inherent model uncertainty. Also
the model does not account for cohesive processes, which may act to further
reduce this magnitude of change.

5.42

It should be noted that the short-term ST model simulation fails to predict the
likely long-term increased accumulation in the intertidal area adjacent to the
quay. The nature of the likely changes to these areas is assessed in the
accompanying report on geomorphology.

5.43

The potential increases in extreme wave height climate in the intertidal areas
adjacent to the quay are detailed in paragraph 5.74. For a 1:200-year event
after 100 years of sea-level rise the results show a potential increase in wave
height in the intertidal area of approximately 10% (~20cm) due to wave
reflection off the quay. For less extreme wave behaviour in the near future
(with a reduced amount of sea-level rise) this increase will be much smaller.
For average wave conditions the increase is likely to be negligible. Therefore
the potential for erosion due to an increased wave height climate in the
intertidal areas adjacent to the quay is only likely to be significant during
extreme events. As described in the accompanying geomorphology report,
there is likely to be significant accretion in these areas due to the significantly
reduced tidal-flow regime. It is very likely that any short-term erosion caused
by extreme wave events will be reversed as the following calm tidal conditions
act to build up the area affected. Therefore it is considered that tidal influence
will dominate that of waves in determining the character of the intertidal areas
adjacent to the quay.
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Maintenance Dredging
5.44

The predicted impacts on the sediment transport regime due to the presence
of the AMEP development are likely to have ramifications for the maintenance
dredging requirements within the Humber Estuary. As noted in paragraph
2.19 these dredging requirements exhibit a high degree of natural variability,
and so it may be the case that any impacts due to the scheme may be
dwarfed by this. The predicted impacts to currents and bed shear stress
patterns are relatively local to the quay (excluding the compensation site),
whereas impacts to the sedimentation regime outside of these areas will be
indistinguishable from the natural background variability.

5.45

Estimates of increases to the maintenance dredging requirements to nearby
facilities, as well as those required at the AMEP quay, are given in Table 10.
These annual estimates are derived from an extrapolation from an 18-day
simulation and, therefore, contain a degree of uncertainty. Moreover the
model representations of the dredged areas for nearby port facilities are likely
to contain significant error. The simulation of a range of median sediment
grain sizes (D50) typical of the Estuary locally (Figure 5) provides some
quantification of this uncertainty. As the Estuary is comprised of varying
quantities of these sediment sizes the actual increase in dredging required is
likely to fall within this range.

5.46

It should be noted that the ST model used simulates non-cohesive transport,
and that finer grain sizes may experience reduced movement than predicted
due to cohesive forces becoming important. This limitation is mitigated to a
degree by the use of a thin erodible layer for the finest grain size (10cm for a
D50 of 0.075mm) to prevent against an overestimation of the predicted
volumes of eroded material.

5.47

The model estimates show that there is likely to be a significant increase in
the dredging requirements in the berths of the HST (20,000-300,000m3 p.a.).
Dredging requirements here in 2006-2007 were approximately 380,000m3
p.a.12. The South Killingholme Oil Jetty is in an area of predicted erosion and,
therefore, the model does not estimate increases in maintenance dredging
requirements. Current maintenance dredging requirements for all facilities at
Immingham including the South Killingholme Oil Jetty and HST are within the
range 960,000 to 5,650,000m3 p.a.12,13. Therefore, only modest increases are
predicted to the overall dredging requirements for the Immingham terminals
and jetties. Note that the model predicts that no extra accumulation will occur
at the nearby South Killingholme Oil Jetty. The model predicts negligible
increases in maintenance dredge volumes for facilities farther from the
scheme than those given in the table.

5.48

A significant amount of maintenance dredging is estimated for the AMEP
dredged areas. The total volume of the proposed dredged area is 1.2 million
m3. The model simulation for fine sand suggests that this may fill up over the
course of 1 year. However, the lack of a representation of cohesive forces
12

Volumes were derived from specified dredged tonnages using a density typical of accumulated sediment
throughout the estuary of 1.3t/m3.
13
Includes volumes from inside Immingham Docks which is not represented in the model.
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between fine particles in the model means that this estimate is likely to be
conservative.
5.49

The model does not predict as much accumulation for the smallest grain size
(0.075mm) as for the next smallest (0.1mm). This is because the simulation
with the smallest grain size has only a 10cm thick erodible layer, as opposed
to the 1m thick layer for the 0.1mm grain size simulation. Therefore there is a
smaller sediment supply available for transportation in the smallest grain size
simulation. The reduced thickness of the erodible layer for the smallest grain
size simulation attempts to compensate for the lack of cohesive processes
simulation by the model, by reducing the amount of sediment available for
transport. The analysis using a cohesive sediment transport model is being
carried out by HR Wallingford.

Table 10: Predicted increases in annual maintenance dredge volume (m 3) requirements at nearby port
facilities due to the scheme for various median grain sizes
Dredging location
HST berths
South Killingholme Oil
Jetty
Immingham Gas Jetty
Humber International
Terminal
Immingham Bulk
Terminal
AMEP approach area &
berths

0.075mm

0.1mm

0.15mm

D50=0.2mm

D50=0.3mm

320 000
0

110 000
0

80 000
0

27 000
0

20 000
0

26 000
17 000

2 800
4 400

2 700
3 200

700
1 200

600
1 100

16 000

5 600

2 500

1 400

700

720 000

1 300 00014

800 000

430 000

280 000

Suspended sediment concentrations
5.50

The impacts of the disposal of the erodible material (surface alluvium, sands
and gravels) have been assessed using sediment plume modelling. As
described in the assessment methodology an 18-day simulation of the fate of
the passive plume resulting from sediment dumped at the Middle Shoal
disposal site was performed. The simulation involved 14 days of intermittent
sediment release, mimicking the proposed programme of dredging for the
surface alluvium. These were followed by 4 days of no additional sediment
release, in order to examine the dispersion of that already supplied to the
estuary. The 18-day simulation covered a little more than a Spring-Neap tide
cycle for MHWS tides at Spring tide (Spring tides occurred before Neap tides
in the simulation).

5.51

During the simulation, particles are carried in the tidal flow a distance
determined by their grain size and the magnitude of the flow. At slack water
sediment is deposited, which re-suspends when the bed shear stress due to
the subsequent increasing tidal flow exceeds a critical threshold. The Estuary
tidal flows are sufficient to constantly re-suspend the fine grained material
modelled, carrying it back and forth throughout the Estuary and gradually
dispersing it over a wider area.

14

More accumulation is predicted for the 0.1mm grain size than the 0.075mm grain size. This is because more
sediment is available in the larger grain size model run with a 1m thick erodible layer, whereas the fine sand model
run has a much thinner 10cm thick erodible layer.
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5.52

Figure 28 shows the average SSCs over the last day of sediment release
throughout the Humber Estuary. This shows that the model predicts that the
enhanced SSCs will travel back and forth with the tidal currents up to Hull and
down to the Estuary mouth. The sediment plume is largely confined to the
deeper channels in the short-term, with dispersion around the Estuary likely
over the longer term. Largest concentrations occur in the shallower areas,
with the average SSC during day 14 of up to 20 mg/l.
Figure 28: Average SSCs during the last day of a 14-day period of intermittent sediment release
at the Middle Shoal disposal site (SSCs in g/l)

5.53

Time series of SSC due to the sediment disposal at locations denoted by
crosses in Figure 28 are shown in Figure 29. During the period of dumping
SSCs at the disposal site can reach short-lived peaks of approximately 250
mg/l. The passive plume moves away from the disposal site and moves up
and down the Estuary with the tidal currents. The plume exhibits largest
concentrations in the shallower depths to the north of the SDC. SSCs appear
to reach an equilibrium of approximately 40 mg/l here (peaking during fastest
flows), with slightly less concentrations farther away from the disposal site in
the Middle Estuary. Though the passive plume reaches Hull SSCs here are
much reduced to typically 10-20 mg/l. Upon cessation of sediment release
SSCs quickly decrease as the sediment disperses within the Estuary.

5.54

The dredging programme is assumed to continue for approximately 44 days
in total. For the first 8 days SSCs gradually increase at all locations. After
approximately 8 days the SSCs due to the disposal start to exhibit a regular
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cyclical pattern that peaks at approximately 40-50 mg/l to the north of the
SDC, with smaller values elsewhere in the Estuary.
5.55

An inaccuracy of the model is that it loses all information about particles that
exit from the Estuary mouth. The loss rate in the model per tide is
approximately 40%. In reality a proportion of this sediment may re-enter the
Estuary rather than being dispersed in the North Sea. It can be argued that
the loss of sediment over the boundary has less impact on the peak values,
experienced for a few hours at the disposal site, than on the larger scale
average values. Therefore, the model may underestimate the average SSCs
due to the disposal throughout the Estuary.

5.56

A sensitivity test was performed to examine the likely increase in SSCs due to
a larger (40%) proportion of the disposed sediment directly entering the
passive plume. This may be conservative with regards to how much
sediment does enter the plume, but may act to counteract the effects of a loss
of particles across the model boundary. In this scenario the short-lived (<2
hours) peaks in SSCs at the disposal site can reach 300-400 mg/l. The
longer term values experienced at the North SDC location appear to reach an
equilibrium of 60 mg/l after 14 days.

5.57

Using judgement, the peak increase in SSCs after 44 days of disposal can be
estimated to be of the order of 80-100 mg/l to the north of the SDC, reducing
elsewhere within the Estuary. This estimation accounts for the possibility that
the model underestimates SSCs to a degree due to loss of sediment through
the offshore boundary. In reality the disposal programme will be interrupted
by downtime (e.g. bad weather, logistical issues, etc.) leading to more time for
sediment dispersion in between disposals. These SSCs are likely to
decrease to much smaller levels after the length of a Spring-Neap tide cycle
following cessation of disposal. Therefore, after such a period the disposed
sediment can be said to have dispersed into the background.

5.58

The two periods of capital dredging will be interrupted by 1 year. Therefore,
any impacts due to the first dredge will have completely dissipated by the time
of the second dredge.

5.59

During the dredging process there may be losses due to the inefficiency of the
dredging technique used. However, the amount of sediment entering the
water column through these losses will be orders of magnitude less than that
through direct disposal. Therefore, these losses are assumed to have no
impact on background SSCs. Nearby receptors sensitive to the potential for
increases in SSC due to dredging inefficiency local to the development are
the E.ON and Centrica intakes. However as stated these potential increases
will be much less than the increases due to sediment disposal, and minor
compared to the natural background SSC variability. It is recommended that
discussions be held with the operators of these intakes to confirm that these
potential minor increases are within tolerance levels for the intakes,
considering the large natural background SSC variability.
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Figure 29: SSCs at locations in the Humber Estuary during intermittent sediment release at Middle Shoal (SSCs in mg/l)
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5.60

The dispersion of the sediment extends along the shoreline from the Humber
Bridge to beyond the Estuary mouth. This large area means that any
accumulation of the disposed sediment on intertidal areas will be negligible
compared with the accumulation due to natural processes and present
maintenance dredging requirements that are substantially larger than would
be required for the AMEP alone.

5.61

Sediment accumulating in the AMEP dredged areas is likely to exhibit a
similar density to that assumed for the sediment plume modelling, which is
similar to sediment dredged from nearby facilities at Immingham (ABPHES,
2008). Therefore, the results of the sediment plume assessment are
applicable to maintenance dredging. This dredging is likely to be spread out
over the year, due to the need to keep the berths and approach channel
operational. Therefore, the volumes involved for each dredge period are
likely to be less than that predicted for the capital dredge. Consequently
maintenance dredging is likely to have only minor impacts on the background
SSCs.

5.62

The Humber Maintenance Dredging Baseline describes how the nonstationary Humber Estuary system requires several centuries to reach a
dynamic equilibrium due to changes within the estuary (ABPHES, 2008). This
is consistent with the findings of the recent review of the Humber Estuary
geomorphological dynamics (JBA Consulting 2011) which analysed the
bathymetric maps of the Estuary and noted considerable morphological
change across all permanently submerged areas over both short- and longterm timescales. Current morphological changes are, therefore, widespread
and ongoing. In this context, the total present maintenance dredging
requirements would lead to an insignificant contribution to the dynamic
response of the system. Therefore, the impacts on wider estuary morphology
due to dredging associated with the AMEP would not be detectable in the
general change pattern.
Summary of impacts

5.63

Increased sedimentation is predicted to occur at the locations of the intakes
and outfalls, the HST, and to a lesser extent at the Immingham terminals and
jetties. This will impact upon the maintenance dredge requirements at these
locations, most significantly at the HST. Predictions of changes to bed shear
stresses lead to the potential for erosion at the foreshore in front of North
Killingholme Pits. The very small increases predicted for the north bank
associated with the presence of the quay are unlikely to cause significant
impacts in the sediment regime. A monitoring programme will be developed in
the environmental statement to record local patterns of erosion and accretion.

5.64

The disposal of erodible sediment excavated during the capital dredge
programme may lead to short-term increases in SSCs in the tidal channels
within the estuary of up to 80-100 mg/l by the end of the disposal programme.
These concentrations should be placed in the long term context of estuary
sedimentation and infilling (JBA Consulting 2011) occurring as a result of fine
sediment deposition from a sediment rich water column. Estuary turbidity
measurements have only been reliably undertaken in the last half century,
2010s4456 Humber modelling report v9_1.docx

66

background concentrations measured in the Humber Estuary in the 1960's
suggested values of 450 mg/l during summer and 950 mg/l during winter, with
peak values of up to 1,900 mg/l during Spring tides (BTDB, 1970). More
recent measurements at the HST give a range of 200 mg/l to 1,600 mg/l
(IECS, 2010b). Concentrations associated with the estuarine turbidity
maximum, which is a strong feature of the Humber Estuary, are even greater
than this. Concentrations of suspended matter around 0.05 mg/l linked to this
phenomenon have been measured between Hull and Selby according to the
seasons (Uncles et al. 1998). Therefore the impacts on background SSCs
should be minor and last for a short time. Maintenance dredging is likely to
lead to similarly minor impacts.
Waves
Sensitive receptors

5.65

The AMEP quay will experience a degree of vulnerability to wave overtopping
during extreme storms.

5.66

The coastal defences directly to north-west and south-east of the quay may
experience increased wave overtopping risk due to wave reflection off quay.
Impacts of scheme

Wave overtopping: main quay frontage
5.67

Table 11 shows the results of wave overtopping calculations15 for the quay
frontage for 1:10-year water level/wave height combinations (plus CC
projections), assuming a 52˚ angle of wave attack. The largest overtopping
rate occurs for a water level of 4.92mOD and a wave height of 1.65m. The
table reveals that, for the worst case 1:10-year scenario predicted wave
overtopping at the edge of the quay is 23.9 l/s/m. The 28m-long sloped edge
of the quay would lead to the vast majority of this overtopping discharge
flowing back into the Estuary.

5.68

The overtopping estimate exceeds the 10 l/s/m threshold (see paragraph
4.31) based on a 6.1mOD quay elevation. It has been proposed that the
design will include an allowance to “top up” the front 28m of quay by 200mm if
needed as a response to climate change. The calculation was, therefore,
repeated for this quay elevation (Table 11). However the result (16.2 l/s/m;
shown in Table 11) shows that this increase in quay height does not bring the
1:10-year overtopping rate below the specified 10 l/s/m limit.
Table 11: Wave overtopping calculations for 1:10-year water level/wave height combinations
SWL (mOD)
(1991)

3.00
3.73

Hs (m) (1991)

1.72
1.50

SWL (mOD)
(2114)

4.19
4.92

Hs (m) (2114)

1.89
1.65

Wave period
(s)

4.9
4.5

Q
deterministic
(~Q68%)
(l/s/m)
11.8
23.9

15

Wave overtopping rates are quoted for the deterministic prediction. This is defined as the mean of the predicted
distribution of wave overtopping plus one standard deviation (approximately equal to the 68th percentile).
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3.73*
1.50
4.92
4.14
1.00
5.33
* repeated assessment with 6.3mOD quay height.

5.69

1.65
1.10

4.5
3.9

16.2
10.3

Table 12 shows the wave overtopping calculations for the worst case water
level/wave height permutations for more frequent return periods. It can be
seen that after 100 years of projected climate change (in 2114), the 10 l/s/m
limit is passed for the 1:2-year event for the original quay height of +6.1mOD.
The addition of 200mm to the quay height gives a prediction of the limit being
exceeded slightly more frequently than once every 5 years.
Table 12: Worst case wave overtopping calculations for various return periods
Return period
(year)
5
2

5.70

SWL (mOD)
(2114)
4.92
4.92

Hs (m)
(2114)
1.52
1.33

Q deterministic
(~Q68%) (l/s/m) (quay
height = +6.1mOD)
17.1
8.8

Q deterministic
(~Q68%) (l/s/m) (quay
height = +6.3mOD)
10.8
5.3

Table 13 shows the results for the 1:200-year water level/wave height
combinations in 2114, assuming a 52˚ angle of attack. The greatest wave
overtopping rate (91.8 l/s/m) occurs for a water level of 5.66mOD and a wave
height of 1.62m. This is below the 1 in 200 year threshold for structural
damage (200 l/s/m). The overtopping rates for a quay height of +6.3mOD (i.e.
with the 200mm proposed mitigation top-up) are also included in the table,
which are lower as expected.
Table 13: Wave overtopping calculations for 1:200-year water level/wave height combinations
SWL
(mOD)
(1991)
3.73
4.47
4.79

Hs (m)
(1991)

1.98
1.47
1.00

SWL
(mOD)
(2114)
4.92
5.66
5.98

Hs (m)
(2114)

2.18
1.62
1.10

Wave
period
(s)
5.1
4.4
3.9

Q deterministic
(~Q68%) (l/s/m)
(quay height =
+6.1mOD)
73.8
91.8
52.0

Q deterministic
(~Q68%) (l/s/m)
(quay height =
+6.3mOD)
55.4
61.6
32.3

5.71

The univariate analysis of still water levels at South Killingholme gives a
1:200-year level of 5.05mOD (ABPmer, 2007). Using DEFRA guidance this is
projected to be 6.24mOD by 2114. Therefore, much of the 28m wide front of
the quay could be submerged during such an event. This is not a concern
with regard to meeting the overtopping “structural damage” criteria but may be
a consideration for the wider Flood Risk Assessment for the development.

5.72

The ABPmer report on wave and water levels within the Estuary states that
for a 14-year period of derived wave heights between 1978 and 1991, only
0.02% of waves from the north bank reached a height of 0.6m (i.e. a 0˚ angle
of attack). For completeness, wave overtopping calculations were performed
for a 0˚ angle of attack, for water level/wave height combinations of the 1:10year event that consisted of wave heights less than 0.7m. The predicted
overtopping rates were lower than those reported above for all combinations.

2010s4456 Humber modelling report v9_1.docx

68

Wave overtopping: south and north quay faces
5.73

Table 14 and Table 15 show the predicted wave overtopping rates at the
revetments on the north and south sides of the quay for 1:10-year and 1:200year combinations of water level/wave height, respectively. The calculations
assume a worst case angle of wave attack of 0˚. The predicted overtopping
rates are significantly below the proposed thresholds (paragraph 4.31) for
both return periods. Variations in these rates due to longer wave periods (to
account for swell waves from the North Sea) are negligible compared to the
magnitudes of the proposed thresholds.
Table 14: Wave overtopping calculations for 1:10-year water level/wave height combinations
SWL (2114)
(mOD)
4.19
4.92
5.33

Hs (2114) (m)
1.89
1.65
1.10

Wave period (s)
4.9
4.5
3.9

Q deterministic
(~Q68%) (l/s/m)
0.3
0.7
0.1

Table 15: Wave overtopping calculations for 1:200-year water level/wave height combinations
SWL (2114)
(mOD)
4.92
5.66
5.98

Hs (2114) (m)
2.18
1.62
1.10

Wave period
(s)
5.1
4.4
3.9

Q deterministic
(~Q68%) (l/s/m)
5.1
7.4
3.3

Wave reflection modelling
5.74

The wave model was run with the quay in place and also the existing
conditions. Changes in wave heights due to reflection were deduced by
comparing the two model outputs. Two scenarios of wave direction were
simulated: waves of 1.6m from the east and from the north (the model still
water level was set as the appropriate 1:200-year event combination of
5.66mOD for 2114).

5.75

Figure 30 and Figure 31 show the estimated increases in wave height along
the sea defence for extreme waves from the east and north, respectively. To
the south of the quay an increase in wave height of 10cm is predicted; to the
north a very localised increase of up to 40cm is estimated where the quay
meets the sea defence.
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Figure 30: Increase in wave heights for a 1:200-year water level/wave height event in 2114 due to
MEP quay for waves from the east
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Figure 31: As Figure 30 for waves from the north

5.76

In order to gauge if there is a possible increase in flood risk at the adjacent
sea defences due to the quay, the flood risk at the defences must first be
assessed. Wave overtopping calculations are performed using neural
network parameters for the defence specified in Table 9. A 2114 joint
probability 1:200-year water level of 5.66mOD and wave height of 1.62m is
used. Calculations of wave overtopping rates for the worst case of direct
wave attack (i.e. using an angle of 0˚) were calculated (though by their nature
the waves reflected will be travelling to the coastline at an angle, the
assumption of refraction effects leading to direct attack has been made in
order to be conservative).

5.77

Table 16 shows the wave overtopping rates calculated at the sea defence for
the 1:200 year event in 2114. The calculations show that without the
development the estimated overtopping at the sea defence will be severe.
Overtopping rates for 10cm and 20cm increases in wave heights are included.
The calculations show that for a 10cm increase the overtopping rate
increases by 9%, 19% for a 20cm increase, and 37% for a 40cm increase. It
should be noted that this is very much a worst case scenario and due to
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several factors16 is unlikely to be the case. Moreover the areas at which this
increase will occur will be very localised, constrained to the few locations
where reflected waves from the quay may superimpose upon waves
propagating directly from offshore.
5.78

The wave reflection modelling analysis was repeated for predicted sea levels
15 years from the construction of the quay in 2014. This horizon is an
approximation of the lifetime of the present sea defences (EA, 2008). In this
scenario, due to the lower water levels than those predicted for 2114, depthlimitation of waves dominates to the south of the quay. This prevents any
increase in wave heights due to reflection at the sea defence and there is
consequently no increase in overtopping risk. Due to the steeper gradient of
the foreshore to the north of the quay depth-limitation effects are not as great.
Reflection can still add up to 40cm on wave heights (irrespective of the water
level in 2029 being lower than in 2114) where the quay side meets the sea
defence. These increases decay along the defence to the north of the quay,
becoming negligible after approximately 200m.
Table 17 shows the
calculated wave overtopping rate in 2029 for a 1:200-year joint probability
water level/wave height event. Also shown are the rates for increases in the
wave height which may occur due to added wave energy from reflection off
the quay. As can be seen, flood risk due to wave overtopping can increase
due to larger waves. The increase of 0.4m is predicted to occur within 30m of
the edge of the quay. The increase of 0.2m is predicted to occur within 90m
of the quay, and the increase of 10cm is predicted to occur within 200m of the
northern quay edge.

Table 16: Wave overtopping rates at South Killingholme sea defence for a 1:200-year event in 2114
Wave height (m)

Increase in wave height
from a 1:200-year joint
probability wave (m)

1.62
1.72
1.82
2.02

Deterministic
overtopping rate
(Q68%) (l/s/m)

0.0
0.1
0.2
0.4

580.6
630.7
690.1
793.5

Table 17: As for Table 16 in 2029
Wave height (m)

Increase in wave height
from a 1:200-year joint
probability wave (m)

1.47
1.57
1.67
1.87

Deterministic
overtopping rate
(Q68%) (l/s/m)

0.0
0.1
0.2
0.4

27.7
38.4
51.6
80.4

Mitigation of these impacts is addressed in Appendix F.
In-combination impacts

5.79

The proposed scheme is a significant distance away from all of the other
proposed developments considered. Though the SDC proposal involves
16

Increased accumulation at the foreshore; overestimation of reflection coefficient; assumption of direct attack of
reflected waves; assumption that reflected waves will be in phase with propagating waves.
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deepening the channel it is highly unlikely that the relatively small change to
the estuary-wide bathymetry will have a significant impact on the wave
climate at South Killingholme and none are reported in the Environmental
Statement for this scheme. Therefore, any in-combination impacts in terms of
waves will be negligible.
Summary of impacts

5.80

The predictions of wave overtopping at the quay show that the current design
elevation along the frontage (+10 mCD) will limit overtopping to below 10 l/s/m
in 2114 (the 100-year life time of the quay) for the worst case 1:2-year water
level/wave height event. This overtopping rate is the EurOtop manual (Pullen
et al., 2007) suggested upper limit that can be tolerated by 'appropriately
trained and prepared staff, who are expecting adverse conditions' (Table 6).
The design of the quay frontage includes a ramp with a 1:100 gradient for
28m away from the frontage. This ramp is likely to lead to the vast majority of
overtopped water draining back into the Estuary, therefore acting to mitigate
flood risk towards the shoreline.

5.81

The quay elevation is sufficient to limit wave overtopping to below the 200
l/s/m 'structural damage' limit (Table 8) for a 1:200-year water level/wave
height event in 2114. A univariate analysis of water levels indicates that
during a 1:200-year event in 2114 part of the frontage is likely to be
submerged. This is not a concern with regard to meeting the overtopping
“structural damage” criterion but may be a consideration for the wider Flood
Risk Assessment for the development.

5.82

The breakwaters to the north and south of the quay appear to provide far
greater protection on the quay against wave overtopping risk than at the
frontage.

5.83

Impacts on the local wave climate due to the increased depths in the berths
and approach/turning areas will be negligible in terms of flood risk at the sea
defences. The sub-tidal area at the proposed location of the quay frontage is
-8mCD at its most shallow to the north. This is deep enough so that waves
that typically propagate through these water depths (2m in very extreme
cases) do not experience depth-limiting effects. The proposed dredge depths
might otherwise reduce these effects.

5.84

In the short term (15 years after quay construction) it is estimated that,
unmitigated, wave reflection from the quay walls will increase the overtopping
risk along the sea defences to the north of the quay for approximately 200m
(the 30m closest to the quay edge being most susceptible). There will be no
increase along the sea defences to the south of the quay due to greater
depth-limitation effects determined by the shallower gradient foreshore.
Mitigation of these impacts is addressed in Appendix F.

5.85

In the longer term water levels are predicted to rise, reducing depth-limitation
effects, leading to the potential for increased wave overtopping risk at the
southern defences. However, in these potentially vulnerable areas to the
south and north of the quay, increased sedimentation is predicted to occur
(see Chapter 4 of the accompanying report on Estuary geomorphology (JBA
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Consulting, 2011)). Sedimentation due to the reduced flow regime at the
foreshore adjacent to the quay is likely to lead to an elevation increase of
about 0.6 to 0.9m. Rates of accumulation could be of the order 0.1m per
year, reducing for higher intertidal areas. This suggests that reduction in flood
risk due to increased depth-limitation effects will be significant within 20 years
of the quay construction. Therefore, it is possible that, in the long-term, any
potential increase in flood risk due to wave reflection from the quay is offset
by this increase in bed elevation around the affected areas. However there is
considerable uncertainty in predicting the actual increase in accumulation,
which will be affected by future local maintenance dredging. It will be
important to monitor these inter-tidal areas to record the rate of increased
sedimentation. It is recommended that a review point several years following
the quay development should be agreed with the Environment Agency.
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6.

Summary of impacts

6.1

A summary of the receptors and predicted impacts is given in Table 18. This
should be compared with Table 5 which provides a list of the potential
impacts.
Table 18: Identified receptors and summary of impacts
Receptor
Intertidal areas directly
to north-west and
south-east of the quay

Coastal defences
directly to north-west
and south-east of the
quay

Ships berthed at the
quay frontage

Nearby port facilities
(Humber Sea Terminal,
Humber Work Boats,
South Killingholme Oil
Jetty, Immingham Gas
Jetty, Humber
International Terminal,
Immingham Bulk
Terminal)
Conoco and E.ON
intakes/outfalls

North Killingholme Pits

North bank intertidal
area
Estuary suspended

Summary of impacts
Accumulation predicted: refer to accompanying geomorphology report
(JBA Consulting, 2011). As described in the geomorphology report, there
is likely to be significant accretion in these areas due to the significantly
reduced tidal-flow regime. It is very likely that any short-term erosion
caused by extreme wave events will be reversed as the following calm
tidal conditions act to build up the area affected. Therefore it is
considered that tidal influence will dominate that of waves in determining
the character of the intertidal areas adjacent to the quay.
Increased flood risk due to unmitigated wave overtopping is predicted
along a 200m stretch of sea defence to the north of the quay in the shortterm (potential mitigation is presented in Appendix F). In the longer term
accretion due to the altered flow regime is likely to lead to increased
depth-limitation effects. Therefore, it is possible that, in the long-term,
any potential increase in flood risk due to wave reflection from the quay
is offset by this increase in bed elevation around the affected areas.
However there is considerable uncertainty in predicting the actual
increase in accumulation, which will be affected by future local
maintenance dredging. It will be important to monitor these inter-tidal
areas to record the rate of increased sedimentation. It is recommended
that a review point several years following the quay development should
be agreed with the Environment Agency.
The presence of the breakwaters ensures a wide flow separation zone
occurs along the quay frontage. Therefore, ships should not be at risk of
detachment due to tidal flow. However the predicted rotational flow that
occurs along the front of the quay within this separation zone may affect
the docking procedure of ships approaching the quay.
Increased deposition is predicted at all of these facilities except the
South Killingholme Oil Jetty and Humber Work Boats. This is likely to
lead to increases in maintenance dredging requirements. This will be
significant at HST but minor for other facilities compared to current
maintenance dredging requirements.
Humber Work Boats may experience erosion in the intertidal area that
may decrease any maintenance dredging requirements at this location.
Circulation patterns forming around the HST which is in the wake of the
quay during flooding flow may affect maritime operations here. This
impact may require mitigation.
Increased accumulation is predicted in these areas that are in the wake
of the quay during the rising tide. Accumulation predicted in intertidal
areas: refer to geomorphology report (JBA Consulting, 2011). Mitigation
appears to be necessary to minimize the potential for increased
sedimentation in the sub-tidal area to the north of the quay which may
impact upon these intakes/outfalls. It is recommended that discussions
be held with the operators of these intakes to confirm that the potential
minor increases in SSC due to dredging losses at the development are
within tolerance levels for the intakes, considering the large natural
background SSC variability.
The recirculation pattern during the rising tide forced by the presence of
the AMEP quay may lead to increased bed shear stresses adjacent to
the pits. This may potentially cause erosion.
The very small increases in current magnitude predicted for the north
bank associated with the presence of the quay are unlikely to cause
significant impacts in the sediment regime.
The disposal of erodible sediment excavated during the capital dredge
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sediment
concentrations

Sedimentary regime
Estuary wide intertidal
area
Estuary wide sea
defences
Stone Creek

programme may lead to short-term increases in SSCs in the tidal
channels within the estuary of up to 80-100mg/l by the end of the
disposal programme. Background concentrations measured in the
Humber Estuary in the 1960's suggested values of 450mg/l during
summer and 950mg/l during winter, with peak values of up to 1,900mg/l
during Spring tides (BTDB, 1970). Concentrations are even greater
farther upstream. Therefore, the impacts on background SSCs should
be minor and reduce to insignificant within a Spring-Neap cycle after
cessation of the disposal programme. Maintenance dredging is likely to
lead to similarly minor impacts.
There is no impact on the sedimentary regime due to potential changes
in wave activity brought about by changes in mean water levels.
A small decrease in Low Water levels is predicted, which would be offset
by predicted increases in sea level as a result of climate change within 2
years.
There is no impact on flood risk at the estuary sea defences due to
potential increases in water level due to the scheme.
Change possible: refer to accompanying geomorphology report (JBA
Consulting, 2011).
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A.

Register of data sources
Data

Source

LiDAR

EA Geomatics

Bathymetry survey

IECS (2010a)

Bathymetry survey

ABPHES

Digitised chart data

Seazone Solutions
Ltd
Able UK

Topographic survey
Acoustic Doppler
Current Profiler
measurements

IECS (2010a)

Water levels

ABPHES

Water level and
current predictions

UKHO Admiralty
TotalTide software

Extremes analyses
of water levels and
wave heights at
Killingholme
Particle size analysis
of inter-tidal and
sub-tidal sediments
at Killingholme
Suspended solid
concentration
readings at HST

ABPmer (2007)

Ground investigation
vibrocores at
Killingholme

Buro Happold (2010)

Humber Estuary
Environmental
Statements (IOT
deepening, HRBT,
Grimsby Ro-Ro)
Humber
Maintenance
Dredging Baseline
Document
Dredge disposal site
locations

ABPmer (2009a),
ABPmer (2009b),
ABPmer (2010)

Information
2m horizontal resolution LiDAR from 2007 covering inter-tidal
areas within the Humber Estuary
High resolution (20-50m) bathymetry survey around
Killingholme, performed in spring 2010
High resolution (50m) bathymetry survey for Humber Estuary
from Spurn head to Trent Falls, for 2010
Low resolution digitised chart bathymetry data of inter-tidal
areas
Topographic survey of Killingholme coastline, defences and
inter-tidal area
2 records of current profiles throughout the water column for
the period 11 May to 2 June 2010 (including a Spring-Neap
cycle) at nearshore Killingholme (00˚12.44'W, 53˚39.54'N)
and offshore Killingholme (00˚12.38'W, 53˚40.18'N).
Water level recordings for the period of ADCP deployment for
ABP gauges at Spurn Head, Grimsby, SDC, Immingham,
HST, King George Dock, Albert Dock, Humber Bridge, South
Ferriby. Water level recordings for 6 to 12 September 2010
for Spurn Head, SDC, HST, King George Dock, Albert Dock
and Humber Bridge.
Predictions of water levels and currents throughout Humber
Estuary for time periods concomitant with observations
detailed above.
This report provides univariate and joint probability analyses
of extreme water levels and wave heights at South
Killingholme Haven.

IECS (2010b)

Analysis of multiple (~60) superficial sediment grabs
performed in Spring 2010 in inter-tidal and sub-tidal areas at
Killingholme.

IECS (2010a)

Water samples were taken at the surface and at 4m depth at
30min intervals over two 8-hour periods. One during the day
on 02/09/2010 and another during the day on 09/09/2010.
The solids were extracted from these samples in order to
estimate SSCs.
Multiple vibrocore samples (~20) were extracted from the
subtidal area at Killingholme during Spring 2010. The cores
were 6m long, and split into 1m lengths for sample size
analysis with depth.
Provides results of similar analyses performed for the Humber
Estuary for similar proposals for capital works.

ABPHES (2008)

Assessment of baseline maintenance dredging programmes
in the Humber Estuary. Annual records of disposals at
licensed sites.

CEFAS

Location, status and disposal sediment type of licensed
dredge disposal grounds in the Humber Estuary.
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B.

Description of receptors

B.1

Sensitive receptors are tabulated below and shown in accompanying figures.
Table 19: Identified receptors and potential impacts
Receptor
Intertidal areas directly to north-west and southeast of the quay
Coastal defences directly to north-west and
south-east of the quay
Ships berthed at the quay frontage
Nearby port facilities (Humber Sea Terminal,
Humber Work Boats, South Killingholme Oil
Jetty, Immingham Gas Jetty, Humber
International Terminal, Immingham Bulk
Terminal)
Conoco and E.ON intakes/outfalls
North Killingholme Pits
North bank intertidal area
Estuary suspended sediment concentrations
Sedimentary regime

Estuary wide intertidal area
Estuary wide sea defences
Stone Creek

2010s4456 Humber modelling report v9_1.docx

Potential impact(s)
Increased sedimentation due to alteration of
flow regime
Increased wave overtopping risk due to wave
reflection off quay
Flow around the edges of the quay may lead to
ships along the frontage becoming detached
Changes to sedimentary regime and
maintenance dredging requirements
Changes to wave climate due to wave reflection
off quay
Increased sedimentation due to alteration of
flow regime
Increased sedimentation due to alteration of
flow regime
Change to sedimentary regime due to alteration
of flow regime
Increase due to capital and maintenance dredge
disposals
Potential for changes to erosion and deposition
patterns due to changes in wave climate as a
result of changes in water levels
Change in area due to changes in water level
and/or tidal prism
Changes to flood risk due to changes in water
levels
Siltation and upstream flooding

V

Figure 32: Sensitive receptors: intakes and outfalls (©OS OpenData™)
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Figure 33: Sensitive receptors (Lower Estuary)
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Figure 34: Sensitive receptors (Middle Estuary)

:
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Figure 35: Sensitive receptors (Upper Estuary)
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C.

Impact assessment models
Introduction

C.1

The details of the models used in the impact assessments are presented
herein. They consist of a hydrodynamic flow model, a wave model, a
sediment transport model and a sediment plume model. Figures are
displayed at the end of the Appendix.
Hydrodynamic flow model
Model

C.2

The hydrodynamic flow within the Humber Estuary was modelled using CMSFlow (CHL, 2006a). CMS-Flow is developed and maintained by the US Army
Corps of Engineers' Coastal Inlets Research Program. It is a finite-volume
numerical representation of the two-dimensional (2D) depth-integrated
continuity and momentum equations of water motion. Water elevation and
depth-integrated current flow is computed at each of the calculation cells,
which are defined on a staggered, rectilinear grid and can have constant or
variable side lengths. Boundary conditions can be specified as flow-rate
forcing (for upstream river input) or water-surface-elevation forcing (for
downstream tidal variations).
Bathymetric data

C.3

Multiple sources of bathymetry data were used to produce a complete
bathymetric grid for the Humber Estuary, including:
High resolution (approximately 50m horizontal spacing) bathymetry
data for the area around the MEP quay, taken from a boat survey using
a multibeam Acoustic Ground Discrimination System (IECSa, 2010);
High resolution (approximately 50m horizontal spacing) survey data for
the sub-tidal estuary from Spurn Head to Trent Falls from early 2010,
supplied by ABPHES;
Very high resolution (1m horizontal spacing) LiDAR survey data for
intertidal areas throughout the Humber Estuary supplied by the
Environment Agency;
Low resolution digitised admiralty chart data for the intertidal areas of
Sunk Sand and Trinity Sand, provided by Seazone Solutions Ltd.
Water level and current data

C.4

Records of water levels for the observation period were acquired from
ABPHES for multiple tide gauges throughout the Humber Estuary. These
gauges were located at Spurn Head, SDC, Grimsby, Immingham, HST, King
George Dock, Albert Dock, Humber Bridge and South Ferriby (Figure 36).
The data were supplied with a sampling frequency of 10 minutes. The data
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for two periods of observation were acquired to provide a calibration and a
separate validation data set. The two periods of the data were:
11th May to 2nd June 2010
6th September to 12th September 2010
C.5

Two Acoustic Doppler Current Profiler (ADCP) units were deployed during the
first observation period, which covered a full Spring-Neap tide cycle. ADCP1
was deployed near to the proposed MEP site; ADCP2 was deployed offshore
near to Foulholme Channel (Figure 37). These devices measured current
magnitudes and directions at multiple equally-spaced depths over the water
column, providing vertical profiles of currents.

C.6

Hindcast current data were calculated using the UKHO software Admiralty
Total Tide (ATT) for the two periods of observation. These data were
acquired at multiple locations within the Estuary, shown in Figure 36.
Model grid

C.7

The rectilinear model grid for the Humber Estuary is shown in Figure 38. The
resolution of the grid cells is 150m square at the grid boundaries, which
reduces to 15m square at the MEP site. Along the shoreline the grid size
increases from 15m at the site to 150m at Grimsby (down estuary) and Hull
(up estuary). The offshore boundary is a specified elevation boundary.
Recorded water levels at Spurn Head are supplied as forcing conditions along
the boundary. Two specified flow rate boundaries are designated up estuary
to represent the Rivers Ouse and Trent. A „labyrinth‟ approach has been
used for a representation of the rivers in the absence of bathymetric data.
Discharge characteristics of the rivers were represented using simple curved
channels, extending to the tidal limits of the two rivers. The average
freshwater flow into the Estuary is estimated to be 250m3/s (Townend and
Whitehead, 2003). This value is, therefore, used as the combined flow rate
forcing for the two up estuary boundaries. The sensitivity of flow velocities
near the quay location to the up estuary boundary flow rate was tested.
Model simulations were performed for flow rates of 250 m 3/s +/- 25%. Flow
velocities in the Estuary near to the proposed quay varied by less than 1%,
which is consistent with the tidally-dominated nature of the Estuary.
Model calibration

C.8

The hydrodynamic model was calibrated using water levels and currents
recorded during the Spring-Neap cycle in May 2010. The spatially constant
bottom friction value was altered to perform the calibration. The water level
and depth-averaged current observations were best reproduced using a
Manning Number of 57.1 m⅓/s. Figure 39 to Figure 41 show the comparisons
over time between the observed and modelled water levels throughout the
Estuary (observations are represented by the black line, modelled results by
the red line). Figure 42 and Figure 43 show the direct comparisons between
observed and modelled water levels. A summary of statistical comparisons is
presented in Table 20.
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Table 20: Observed versus modelled water levels for calibration period
Location

Model mean observed mean
(cm)

Spurn Head

Model phase lag

(cm)

(mins)

0.0

0.7

0

-1.7

6.8

-3

3.0

5.0

-2

-0.5

6.2

-2

HST

4.1

11.0

-4

King George Dock

0.9

6.1

1

Albert Dock

9.0

13.0

3

16.0

31.0

10

7.5

23.0

8

Grimsby
SDC
Immingham

Humber Bridge
South Ferriby

C.9

RMSE

The model is very well calibrated from Spurn Head to Albert Dock. Root
Mean Square Errors (RMSEs) are 11cm and lower for a period when the
Spring tide range is approximately 6m. The model shows very small errors in
the timing of tidal flow at these specific locations (-4 to +3 minutes). There is
a slight decrease in performance in the Upper Estuary from the Humber
Bridge. The model tidal signature reveals greater asymmetry than observed,
indicating either an incorrect representation of bathymetry or overestimation
of the bottom frictional effect. However, farther upstream at South Ferriby the
model performance can be seen to have improved slightly.

C.10 Figure 44 and Figure 45 show a comparison between the observed and
modelled depth-averaged current magnitudes at the two ADCP locations. At
the nearshore ADCP site the model simulates peak flow magnitudes relatively
well. The observed current behaviour shows that asymmetry between ebb
and flood flows from tide cycle to tide cycle can vary, which is not simulated
by the model. However, in shallow water variations in current speeds can be
more susceptible to localised wind forcing. This may account for the
variability seen in the observed currents at this location (there are no spatially
detailed records of surface wind with which to drive the model).
C.11 At the offshore ADCP location the model simulates an asymmetry between
flood and ebb currents that is not seen at this location. However, the
predictions of tidal velocities throughout the Middle Estuary do indeed suggest
a tidal asymmetry is evident, with stronger ebb flows than flood flows (see
model versus TotalTide predictions C and D in Figure 48 and E in Figure 49).
It may be the case that ADCP2 was sited in a location where localised effects
(e.g. eddies) that are not captured in the model suppress such an asymmetry.
However, the model captures the peak current speeds to within ±20%, which
2010s4456 Humber modelling report v9_1.docx

XIII

is noted as acceptable performance in EA technical guidance on the
calibration and validation of hydrodynamic models (Bartlett, 1998).
C.12 The comparisons between peak velocities at both ADCP locations between
observations and model are provided in histograms in Figure 46 and Figure
47. At ADCP1 the model shows that peak values are clustered around 0.8 to
1.05 m/s, whereas observed peak values are more spread out over the range
0.75 to 1.15 m/s. This is most likely due to the model underestimating the
asymmetry between the flood and ebb peak currents at this location. At
ADCP2 location it can be seen that the distribution of observed peak currents
is concentrated around 0.85 to 0.95 m/s. The model produces a distribution
that is more spread out, which is due to the greater flood/ebb tide asymmetry
in the model at this location discussed above. The means of the peak
currents (>0.7m/s) at ADCP1 for observations and model are 0.92 m/s and
0.91 m/s, respectively. The associated values at ADCP2 are 1.06 m/s and
1.07 m/s, respectively. In terms of the means of peak currents over the
calibration period the model reveals good performance.
Model validation

C.13 Criteria for an appropriately validated model are provided by EA technical
guidance (Bartlett, 1998). These specify that the models should reproduce:
water levels to within 10% of Spring tidal ranges or 15% of Neap tidal
ranges;
speeds to within ±10-20% of observed speed;
timing of high water to within ±15 minutes.
It is also noted that 'these criteria might be too testing for all regions of the
modelled area'.
C.14 Data for a separate period of observations were acquired in order to validate
the calibrated model. The model was run for the 6-day period covering a near
Highest Astronomical Tide spring tide during September 2010. A summary of
statistical comparisons between observed and modelled water levels is given
in Table 21. Comparisons for the time series of water levels throughout the
Estuary are shown in Figure 50 and Figure 51. Time series comparisons
between predicted and modelled currents are shown in Figure 52 and Figure
53.
Table 21: Observed versus modelled water levels for validation period
Location

Model mean - obs
mean (cm)
0.0

RMSE (cm)
2.6

Model phase lag
(mins)
2

SDC

1.7

4.1

1

HST

1.1

9.2

-2

-0.5

7.3

3

Spurn Head

King George Dock
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Albert Dock

12.0

21.0

5

Humber Bridge

26.0

53.0

14

C.15 The comparisons reveal that the model performs very well against the
validation data, simulating observed water levels well within the criteria
specified above. Performance degrades slightly upstream where the model
exhibits greater tidal asymmetry. The RMSE at Albert Dock is 21cm, which is
good when considering the tidal range here is 7m. Comparisons of model
currents against TotalTide predictions show the model simulates the predicted
currents within the Middle Estuary well (TotalTide points C, D and E).
Spectral wave model
C.16 Simulation of waves within the Humber Estuary is performed using the
spectral wave model CMS-Wave (CHL, 2008). CMS-Wave is developed and
maintained by the US Army Corps of Engineers' Coastal Inlets Research
Program. It is a phase-averaged, 2D wave spectral transformation model.
The term 'phase-averaged' means that the model neglects changes in the
wave phase in calculating wave and other nearshore processes. The model
calculates the shallow water wave transformation processes of depth-induced
wave refraction and shoaling, current-induced refraction and shoaling, depth
and steepness-induced wave breaking, wind-wave growth, wave-wave
interaction, and white-capping. Diffraction and wave reflection processes are
parameterised within the model. The model uses the same model grid
domain as that developed for the flow hydrodynamic flow model.
C.17 The wave model was used in the wave reflection modelling assessment. The
purpose of this assessment was to examine how waves of a specific height
travelling towards the quay would reflect off the sides. Therefore, the wave
model was calibrated by varying the wind speed in order to provide the
appropriate wave height at the quay. These wave heights were taken for
South Killingholme from a report on wave climate in the Humber (ABPmer,
2007). These values are applicable as they have not been depth-limited and
are, therefore, representative of the offshore wave climate at South
Killingholme.
Sediment transport modelling
C.18 A sediment transport algorithm is included in the CMS-Flow model in order to
simulate short-term bed morphological change (CHL, 2006a). The nonequilibrium sediment transport algorithm simulates non-cohesive, single size
sediment transport and bed change using a finite volume method and
includes advection, diffusion, hiding and exposure, and avalanching.
Sediment transport is calculated with a non-equilibrium bed-material (total
load) formulation. In this approach, the suspended-load and bedload transport
equations are combined into a single equation and thus there is one less
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empirical parameter to estimate (adaptation length).
Model calibration

C.19 Sediment transport models are heavily dependent on empirically-derived
parameterisations of processes. Therefore, calibration is a necessity. The
morphological scaling factor in CMS-Flow allows for the fine-tuning of the rate
at which the bed morphology changes due to the flow-driven bed shear
stresses. Therefore, this scaling factor is reduced to 5% in order to produce
realistic simulations of sediment accumulation rates.
C.20 The Humber Maintenance Dredging Baseline Document (ABPHES, 2008)
provides information on historical annual dredged volumes throughout the
Estuary. Dredging in the SDC comprises a substantial proportion of the total
annual dredging requirement of the estuary. However, the dredged volume
per year is highly variable, ranging from 0 to 3,800,000 cubic metres between
1969 and 2007, with an average requirement of 1,600,000 cubic metres.
C.21 As described in the assessment methodology (Chapter 4) the ST model is run
for multiple median sediment grain sizes in order to provide a range of likely
accumulation rates. The ST model has been calibrated using the range of
dredging volumes observed in the SDC. Table 22 shows the model estimates
of annual accumulation volumes with median sediment size. The range of
predicted annual accumulation rates in the SDC agrees well with the highly
variable long-term observed range.
Table 22: ST model annual accumulation volumes in SDC
Median sediment size, D50 (mm)
0.075
0.1
0.15
0.2
0.3

Estimated annual accumulation (m3)
3 100 000
2 400 000
1 100 000
710 000
330 000

Model validation

C.22 The calibrated model was validated by examining the predicted accumulation
rates at specific locations within the Estuary. Recorded dredging disposals
data from the Maintenance Dredging Baseline Document were used to
compare the model estimates with. Table 23 shows a comparison between
the observed and predicted amounts at the HST.
The observed
accumulations suggest that the model predictions for the smallest grain sizes
are more accurate in this area.
C.23 A similar comparison is presented in Table 24 for Immingham Docks and
Jetties. The values recorded at Immingham Docks and Jetties includes the
contribution from inside the Docks. This area is not included within the model
which may account for the fact that the model estimates are at the lower end
of the recorded range. This range in recorded disposals for Immingham
varies between 1,200,000t to 7,300,000t over the period 1985 to 2007 with no
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apparent trend observed over time.

Table 23: Model estimated annual accumulation volumes at the HST for multiple median sediment grain
sizes
Median model sediment size, D50 (mm)
Annual accumulation (m3)
(Recorded disposals)
~380 0001
0.075
400 000
0.1
220 000
0.15
91 000
0.2
55 000
0.3
23 000
1
Volumes were derived from specified dredged tonnages using a density typical of accumulated sediment
throughout the Estuary of 1.3t/m3.

Table 24: Model estimated annual accumulation volumes at Immingham Docks & Jetties for multiple
median sediment grain sizes
Median model sediment size, D50 (mm)

Annual accumulation (m3)

(Recorded disposals)
960 000 - 5 700 0001,2
0.075
1 100 000
0.1
1 100 000
0.15
480 000
0.2
300 000
0.3
140 000
1
Volumes were derived from specified dredged tonnages using a density typical of accumulated sediment
throughout the Estuary of 1.3t/m3.
2
Includes volumes from inside Immingham Docks which is not represented in the model.

C.24 The very large ranges in recorded annual disposals highlight the extreme
natural variability of sediment transport within the Estuary. As described in
Chapter 4 it is unfeasible to run the model for a period of over a month.
Moreover such a model is not suitable for long-term predictions of highly
heterogeneous systems such as the Humber Estuary. However, the model
calibration and validation process has shown that the presentation of a range
of model estimates of accumulation volumes provides a relatively good
approximation of the high variability in observed deposition rates.
Sediment plume model
C.25 An assessment of the fate of sediment plumes at the disposal site has been
performed using the Particle Tracking Model (PTM), developed and
maintained by the US Army Corps of Engineers' Coastal Inlets Research
Program (CHL, 2006b). The PTM uses a Lagrangian framework in which the
sediment being modelled is discretized into a finite number of particles that
are followed as they are transported by a specified flow field. Each particle in
the PTM represents a given mass of sediment (not an individual sediment
particle or grain), and each particle has its own unique set of characteristics.
Particles from sources being modelled (as opposed to the local, or native, bed
sediment) are introduced, or released, into the domain from specified source
locations. These sources are designed to permit modelling of a wide range of
natural or anthropogenic processes in coastal and environmental studies.
C.26 In the PTM the 2D depth-averaged flow field is specified from the
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hydrodynamic model. Lagrangian calculations are carried out for each
particle active in the domain and include:
Flow calculations: interpolate the local flow and wave conditions at the
particle‟s location. Vertical flow velocity is estimated using the
continuity equation if the input hydrodynamics are two-dimensional.
Mobility calculations: determine the mobility of the particle and, if
deposited, the likelihood of its entrainment in the flow using the flow
and wave conditions at the particle‟s location.
Trajectory calculation: determine the position of the particle at the end
of the time-step using an advection-diffusion routine with consideration
of settling, deposition, and erosion. Particle inertia is not considered.
Boundary condition check: check that the particle‟s predicted path does
not violate boundary conditions.
C.27 Limitations of the model include:
Sediments specified at the source do not have an initial momentum;
The model assumes no background SSC (clear water) and therefore
there is no representation of the effect that such background SSCs
may have on hindering the fall velocity of particles;
Particles that leave the domain of the hydrodynamic model at the
ocean boundary are lost and cannot re-enter the domain. Therefore,
SSCs may be slightly under-predicted throughout the Estuary. This
effect is partially mitigated by the fact that a proportion of sediment
leaving the Estuary will not re-enter, being dispersed along the
coastline.
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Figure 36: Locations of water level and current observations and ATT hindcast currents
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Figure 37: ADCP deployment locations (reproduced from IECS (2010a))
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Figure 38: Hydrodynamic model grid
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Figure 39: Humber Estuary water levels for Spring-Neap cycle in May 2010
Spurn head
4

Obs
Model

mAOD

2
0
-2
-4

Model bias = -0.00027 m

Model lag = 0 min

RMSE = 0.0066 m

Model bias = -0.017 m

Model lag = -3 min

RMSE = 0.068 m

Model bias = 0.03 m

Model lag = -2 min

RMSE = 0.05 m

Model bias = -0.0045 m

Model lag = -2 min

RMSE = 0.062 m

Grimsby
4

mAOD

2
0
-2
-4

SDC
4

mAOD

2
0
-2
-4

Immingham
4

mAOD

2
0
-2
-4
14-May-2010 00:00:00

16-May-2010 00:00:00

18-May-2010 00:00:00

2010s4456 Humber modelling report v9_1.docx

20-May-2010 00:00:00

22-May-2010 00:00:00

24-May-2010 00:00:00

26-May-2010 00:00:00

28-May-2010 00:00:00

30-May-2010 00:00:00

XXII

Figure 40: Humber Estuary water levels for Spring-Neap cycle in May 2010 (continued)
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Figure 41: Humber Estuary water levels for Spring-Neap cycle in May 2010 (continued)
South Ferriby
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Figure 42: Humber Estuary water levels: observations versus modelled (May 2010)
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Figure 43: Figure 42 continued
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Figure 44: Depth-averaged currents during first half of Spring-Neap cycle in May 2010
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Figure 45: Depth-averaged currents during second half of Spring-Neap cycle in May 2010
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Figure 46: Histogram of peak current speeds at ADCP1 location (May 2010)
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Figure 47: Histogram of peak current speeds at ADCP2 location (May 2010)
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Figure 48: Model versus hindcast depth-averaged currents for May 2010
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Figure 49: Model versus hindcast depth-averaged currents for May 2010 (continued)
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Figure 50: Humber Estuary water levels for near Highest Astronomical Tide in September 2010
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Figure 51: Humber Estuary water levels for near Highest Astronomical Tide in September 2010 (continued)
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Figure 52: Model versus hindcast depth-averaged currents for September 2010
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Figure 53: Model versus hindcast depth-averaged currents for September 2010 (continued)
TotalTide E (currents m/s)
3

RMSE = 0.33 m/s

2

1
TTide
Model
0
TotalTide F
2

RMSE = 0.25 m/s

1.5
1
0.5
0
TotalTide W
2.5

RMSE = 0.31 m/s

2
1.5
1
0.5
0
TotalTide X
2

RMSE = 0.25 m/s

1.5
1
0.5
0
08-Sep-2010

09-Sep-2010

10-Sep-2010

2010s4456 Humber modelling report v9_1.docx

11-Sep-2010

12-Sep-2010

XXXVI

D.

The effects of quay configuration on local
sediment dynamics
Synopsis

D.1

This addendum provides the results from hydrodynamic model runs for
various mitigation scenarios to address the potential for increased
accumulation to the north of the AMEP quay.
Methodology

D.2

The hydrodynamic model was run for various scenarios:
Existing: the existing bathymetry and no quay;
Chamfer, original quay line: a chamfer is present on the northern edge
of the quay, beginning 1km from the south-eastern edge of the quay
frontage with a 45 angle from the frontage line. The frontage position
(quay line) is as originally planned;
Chamfer, 15m reduced quay line: as scenario 2, with the quay line (and
dredge pocket) set back 15m towards the shoreline;
Chamfer, 30m reduced quay line: as scenario 2, with the quay line set
back 30m towards the shoreline;
Chamfer + suspended deck, original quay line: as scenario 2, with a
200m long suspended deck added to increase the length of the quay
frontage to 1.2km;
Chamfer + suspended deck, 15m reduced quay line: as scenario 5,
with the quay line set back 15m towards the shoreline;
Chamfer + suspended deck, 30m reduced quay line: as scenario 5,
with the quay line set back 30m towards the shoreline.

D.3

The bed shear stresses over a tidal cycle are summarised as follows:
1. Flood excess: this is the sum of the bed shear stress excess values
over the 0.5 N/m2 erosion threshold for the flood tide (e.g. if all 12
samples during the flood tide = 2 N/m 2, then the flood excess would be
= 12*1.5).
2. Flood deficit: this is the sum of the bed shear stress deficit values over
the period of the flood tide. The bed shear stress deficit value at a time
is defined as the amount by which the stress drops below the 0.2 N/m2
deposition threshold.
3. Ebb excess: this is calculated as 1 for the ebb period of the tide.
4. Ebb deficit: this is calculated as 2 for the ebb period of the tide.

D.4

Bed shear stresses were extracted from the model runs in 30 minute samples
for simulations of MHWS and MHWN tidal cycles. The stresses were
extracted at the locations of the Centrica intake and outfall, the E.ON intake

2010s4456 Humber modelling report v9_1.docx

XXXVII

and outfall (see example Figure 54). A comparison of these values and the
thresholds for erosion and deposition were made for the various mitigation
scenarios indicating how the bed shear stress (and consequently the
sedimentary) regimes are likely to change at the intake/outfall locations.
Additionally, a position 30m directly offshore from the E.ON intake was
modelled, this position examines the environment in which the E.ON intake
could potentially be moved to.
Figure 54: Bed shear stress for a mean high water springs tidal cycle under existing and
chamfered deck scenarios
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Results
E.ON intake

D.5

Table 25 and Table 26 summarise the impacts on the bed shear stress
regime at the E.ON intake. The least impact is predicted for no suspended
deck, with the quay line moved back 30m. With no deck and the quay line in
the original position the flood excess value drops by half from the existing
scenario for MHWS (a larger drop is predicted for MHWN), suggesting a
significant potential for increased deposition. Of the suspended deck options,
moving the quay line back 30m leads to much less impact than having it at
the original quay line, a scenario which leads to the largest predicted impact
and greatest potential for increased deposition.
Table 25: E.ON intake (MHWS): Shear stress integrated over flood and ebb tides

Existing

Flood
excess
11.3

Flood
deficit
0.2

Ebb
excess
10.9

Ebb
deficit
0.0

Chamfer, original quay line

5.7

0.3

9.1

0.0

Chamfer, 15m reduced quay line

7.4

0.3

9.7

0.0

Chamfer, 30m reduced quay line

9.3

0.2

10.4

0.0

Chamfer + suspended deck, original quay
line
Chamfer + suspended deck, 15m reduced
quay line
Chamfer + suspended deck, 30m reduced
quay line

3.4

0.3

7.8

0.0

5.6

0.3

8.5

0.0

8.3

0.3

9.4

0.0

Table 26: E.ON intake (MHWN): Shear stress integrated over flood and ebb tides

Existing

Flood
excess
2.7

Flood
deficit
0.3

Ebb
excess
2.1

Ebb
deficit
0.3

Chamfer, original quay line

0.7

0.4

1.4

0.3

Chamfer, 15m reduced quay line

1.3

0.3

1.6

0.3

Chamfer, 30m reduced quay line

2.0

0.3

1.8

0.3

Chamfer + suspended deck, original quay
line
Chamfer + suspended deck, 15m reduced
quay line
Chamfer + suspended deck, 30m reduced
quay line

0.1

0.4

1.0

0.3

0.6

0.4

1.2

0.3

1.6

0.3

1.5

0.3
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E.ON outfall

D.6

These results are summarised in Table 27 and Table 28. Significant impact
on the bed shear stress regime at the E.ON outfall is predicted for all
scenarios, particularly during the flood tide, with the no deck/30m set-back
quay line scenario causing the least impact.
Table 27: E.ON outfall (MHWS) Shear stress integrated over flood and ebb tides

Existing

Flood
excess
7.8

Flood
deficit
0.2

Ebb
excess
8.3

Ebb
deficit
0.0

Chamfer, original quay line

1.4

0.3

5.1

0.0

Chamfer, 15m reduced quay line

2.2

0.3

5.6

0.0

Chamfer, 30m reduced quay line

3.1

0.2

6.3

0.0

Chamfer + suspended deck, original quay
line
Chamfer + suspended deck, 15m reduced
quay line
Chamfer + suspended deck, 30m reduced
quay line

0.1

0.4

3.4

0.0

0.8

0.3

4.0

0.0

1.8

0.3

4.7

0.0

Table 28: E.ON outfall (MHWN): Shear stress integrated over flood and ebb tides

Existing

Flood
excess
1.2

Flood
deficit
0.3

Ebb
excess
1.4

Ebb
deficit
0.3

Chamfer, original quay line

0.0

0.5

0.3

0.4

Chamfer, 15m reduced quay line

0.0

0.5

0.4

0.4

Chamfer, 30m reduced quay line

0.0

0.4

0.6

0.4

Chamfer + suspended deck, original quay
line
Chamfer + suspended deck, 15m reduced
quay line
Chamfer + suspended deck, 30m reduced
quay line

0.0

0.7

0.0

0.4

0.0

0.6

0.1

0.4

0.0

0.5

0.2

0.4
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Centrica intake

D.7

These results are summarised in Table 29 and Table 30. The scenarios set
back by 30m lead to the least predicted impact at the intake, with the quay
line farther out leading to significant impact predicted. Sediment transport
modelling of the 30m set-back scenarios will help to elucidate whether the
reduction in the bed shear stresses predicted at this location are significant in
terms of long-term potential for increased accumulation.
Table 29: Centrica intake (MHWS): Shear stress integrated over flood and ebb tides

Existing

Flood
excess
11.0

Flood
deficit
0.2

Ebb
excess
10.2

Ebb
deficit
0.1

Chamfer, original quay line

6.3

0.3

7.5

0.1

Chamfer, 15m reduced quay line

7.4

0.3

7.7

0.1

Chamfer, 30m reduced quay line

8.5

0.2

7.9

0.1

Chamfer + suspended deck, original quay
line
Chamfer + suspended deck, 15m reduced
quay line
Chamfer + suspended deck, 30m reduced
quay line

5.0

0.3

7.1

0.0

6.4

0.3

7.4

0.0

7.7

0.3

7.7

0.1

Table 30: Centrica intake (MHWN): Shear stress integrated over flood and ebb tides

Existing

Flood
excess
2.5

Flood
deficit
0.3

Ebb
excess
1.9

Ebb
deficit
0.3

Chamfer, original quay line

0.8

0.4

1.1

0.4

Chamfer, 15m reduced quay line

1.2

0.3

1.1

0.4

Chamfer, 30m reduced quay line

1.6

0.3

1.2

0.4

Chamfer + suspended deck, original quay
line
Chamfer + suspended deck, 15m reduced
quay line
Chamfer + suspended deck, 30m reduced
quay line

0.4

0.4

1.0

0.3

0.9

0.4

1.1

0.4

1.3

0.3

1.1

0.4
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Centrica outfall

D.8

Table 31 and Table 32 summarise the results of the predicted impacts on the
bed shear stress regime at the Centrica outfall. Significant impacts are
predicted for all scenarios, with the no deck/30m set-back option leading to
the least predicted impact. Sediment transport modelling of all scenarios will
help to elucidate whether the predicted decreases in bed shear stresses at
these locations will lead to potential increases in accumulation at this location.
Table 31: Centrica outfall (MHWS): Shear stress integrated over flood and ebb tides

Existing
Chamfer, original quay line
Chamfer, 15m reduced quay line
Chamfer, 30m reduced quay line
Chamfer + suspended deck, original
quay line
Chamfer + suspended deck, 15m
reduced quay line
Chamfer + suspended deck, 30m
reduced quay line

Flood
excess
7.2
2.7
3.4
4.0
1.3

Flood
deficit
0.1
0.2
0.2
0.2
0.3

Ebb
excess
9.0
7.1
7.4
7.7
6.6

Ebb deficit

2.1

0.3

6.9

0.0

3.0

0.2

7.3

0.0

0.0
0.0
0.0
0.0
0.0

Table 32: Centrica outfall (MHWN): Shear stress integrated over flood and ebb tides

Existing
Chamfer, original quay line
Chamfer, 15m reduced quay line
Chamfer, 30m reduced quay line
Chamfer + suspended deck, original
quay line
Chamfer + suspended deck, 15m
reduced quay line
Chamfer + suspended deck, 30m
reduced quay line
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Flood
excess
1.0
0.0
0.1
0.2
0.0

Flood
deficit
0.3
0.4
0.4
0.4
0.5

Ebb
excess
1.6
0.9
1.0
1.1
0.8

Ebb deficit

0.0

0.4

0.9

0.3

0.0

0.4

1.0

0.3

0.3
0.3
0.3
0.3
0.3
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30m offshore from E.ON intake

D.9

These results are summarised in Table 33 and Table 34. If the E.ON intake
were moved 30m offshore, then the no deck quay moved 30m inshore is
predicted to lead to no increased accumulation at this location. The addition of
the suspended deck at this 30m inshore line leads to minimal impact on the
bed shear stress regime. The suspended deck at the original quay line
scenario is predicted to lead to a significant impact on the bed shear stress
regime at this location.

Table 33: 30m offshore from E.ON intake (MHWS): Shear stress integrated over flood and ebb tides

Existing

Flood
excess
13.1

Flood
deficit
0.2

Ebb
excess
12.6

Ebb
deficit
0.0

Chamfer, original quay line

8.9

0.3

11.4

0.0

Chamfer, 15m reduced quay line

11.1

0.2

12.0

0.1

Chamfer, 30m reduced quay line

13.1

0.2

12.7

0.1

Chamfer + suspended deck, original quay
line
Chamfer + suspended deck, 15m reduced
quay line
Chamfer + suspended deck, 30m reduced
quay line

7.4

0.3

10.4

0.0

10.2

0.3

11.3

0.0

12.5

0.2

12.3

0.0

Table 34: 30m offshore from E.ON intake (MHWN): Shear stress integrated over flood and ebb tides

Existing
Chamfer, original quay line
Chamfer, 15m reduced quay line
Chamfer, 30m reduced quay line
Chamfer + suspended deck, original
quay line
Chamfer + suspended deck, 15m
reduced quay line
Chamfer + suspended deck, 30m
reduced quay line
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Flood
excess
3.5
1.9
2.7
3.5
1.3

Flood
deficit
0.3
0.3
0.3
0.2
0.3

Ebb
excess
2.6
2.1
2.3
2.6
1.8

Ebb
deficit
0.3
0.3
0.3
0.3
0.3

2.4

0.3

2.1

0.3

3.3

0.2

2.4

0.3
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Summary
D.10 The analysis reveals that opportunities for sedimentation (where the local
shear stress drops below 0.2 N/m2) generally occur under neap tide
conditions (e.g. Table 28 and Table 32). Both the Centrica and E.ON outfalls
are potentially affected. However, the shear stress results are subject to
significant variation spatially in the area of interest. Therefore, interpretation
of the results should keep this in mind.
D.11 The results show that during the neap cycle, the opportunity for sedimentation
occurs mostly on the flood tide, although in the case of the E.ON outfall this
period can extend across to the ebb flow too (Table 28). Calculation of the
overall shear stress balance across the flood-ebb cycle (see Table 35)
reveals that all of the mitigation scenarios fail to prevent potential
sedimentation at the E.ON outfall under neap conditions. This is most
pronounced for the chamfer with suspended deck and original quay line (here
the Centrica outfall is on the threshold of possible sedimentation too, as
indicated in the table).
D.12 Looking at the shear stress variation between spring and neap tides it is clear
that the spring tide shear stress levels are well in excess of the 0.5 N/m2
threshold level for erosion. As such the predicted neap tide sedimentation is
likely to be re-suspended preventing long-term sediment accumulation.
D.13 The results thus suggest only local and short-term potential sedimentation
regardless of quay design (aside from the original proposal), at worse there
should only be localised sedimentation at the E.ON outfall for a short period
around the neap tide. The model shows that conditions 30m offshore from the
intakes/outfalls (Table 33 and Table 34) are conducive to keeping fine
material in suspension exhibiting considerable excess shear stress beyond
that needed to mobilise unconsolidated fine sediment.
D.14 However, caution is urged as it is easy to ignore the spatial variability of the
results in the area of interest. The results are highly sensitive to exact quay
alignment, assumptions on fixed bathymetry (sedimentation could reduce flow
speeds at the area of interest) and the fine scale reliability of the
hydrodynamic model. On this basis, the best option is the chamfer with a
30m reduced quay line, with gradually increasing possibility of challenges
working through the other options. Further analysis using dynamic modelling
(bed varying) or with predicted sedimentation patterns could help support the
choice of options that retain a longer main quay frontage.
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Table 35: Neap tide shear stress imbalances promoting sedimentation at the intake and outfall sites
E.ON
intake

Centrica
intake

E.ON
outfall

Centrica
outfall

30m Offshore of
E.ON outfall

Existing
Chamfer, original quay line

-0.6

Chamfer, 15m reduced quay line

-0.5

Chamfer, 30m reduced quay line

-0.2

Chamfer + suspended deck, original
quay line
Chamfer + suspended deck, 15m
reduced quay line
Chamfer + suspended deck, 30m
reduced quay line

-1.1
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E.

Consultation responses
Introduction

E.1

Comments from various parties were provided on a previous version of this
report. The points raised have been addressed in this revised report. These
points are reproduced in bold text below with commentary on how we have
addressed them.
Comments from the MMO (3rd June 2011)

E.2

The MMO provided commentary on our report in an email sent from Allyn
Hogg (MMO) to Richard Cram (Able UK) on 3rd June 2011 at 13:12. Overall,
there "no major issues" were reported within the coastal and sediment
processes reports reviewed to date, however the following need to be
addressed within the final ES.

E.3

The context of the report is well set and covers the relevant issues.
However, it would have been helpful to mark the development perimeter
on modelling figures (e.g. Figures 1 - 4).

E.4

The location of the site has been added to Figure 3 and Figure 4.

E.5

It is not completely clear whether figures 3 and 4 are tidal current only
stresses. Please clarify whether the bed shear stresses used are skin
friction, form drag or the total bed shear stress. The comments made
with respect to sediment mobility are only relevant if it is the skin
friction data that are being discussed. This is not stated in the report.

E.6

The model skin friction bed shear stresses are reported (paragraph 2.11).

E.7

Section 3.18: The potential for changes in erosion accretion patterns
appear to be investigated purely with respect to the changes in waves
as a result of changing water levels (e.g. flooding). The impact of the
port on wave climate (e.g. changes in wave reflection) does not appear
to have been considered with regards to accretion/erosion. However,
the impact on adjacent intertidal areas has been listed as a potential
impact/receptor. If this information is contained within the
geomorphology report, MMO will comment as relevant upon review of
the document. If not this should be included in the ES.

E.8

Chapter 4 of the geomorphology report discusses the potential impacts of the
development on local shear stresses and associated potential erosion /
deposition.

E.9

Section 4.6: The sediment transport model should also be compared
with measurements of sediment transport made in the field, rather than
using the extrapolation into the long-term and comparison with results
including the annual dredge volumes.
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E.10 No sediment transport measurements were available to the study.
E.11 It is not clear whether the sediment transport model includes bed shear
stresses due to waves. These will be important on natural intertidal
areas where there may be potential for erosion.
E.12 The general sediment transport model does not include wave effects as this
was considered negligible when modelling average conditions in deep water
zones.
E.13 The sediment transport modelling presented in the document is only an
assessment of average erosion/accretion in the deeper channel areas,
where wave processes are not directly relevant. Erosion on the margins
is suggested to be reported in the geomorphology report, which is not
assessed here - therefore no further comment can be made at this time.
E.14 Chapter 3 of the geomorphology report discusses the likely dynamics of
intertidal areas across the estuary.
E.15 Section 4.37: Bed level for waves and wave reflection modelling does
not include any parameter for an increase in the bed elevation. No
comment is made as to whether this is a sensitive parameter and
therefore should be included in the modelling. Sensitivity analysis or
comment, based on the literature, should be made to support why this
assumption is reasonable, bearing in mind the potential for sediment
accumulation and decreased depth near structures.
E.16 The wave model assumes a static bed. The geomorphology report suggests
potential accretion of around 1 m of sediment locally. This would impact on
wave energy and breaking regime with more energy dissipated offshore.
E.17 Section 5: The ramifications of current speeds being decreased in the
intertidal areas to the North West and South East of the quay over the
tidal cycle are discussed in the geomorphology report and therefore no
comment can be provided until this report has been reviewed.
E.18 Further work has been conducted on mitigating potential deposition around
the proposed quay and this has been added to the report after section 5.40.
E.19 The mitigation for the potential erosion to the north that could affect the
Humber Work Boats site is not clear. This site should be marked on the
maps.
E.20 The location of Humber Work Boats has been added to Figure 17.
E.21 Section 5.40: Erosion patterns are only shown for the area immediately
adjacent to the development. The rates outside of the area are said to be
lower, these should be included to consider the wider spatial impacts of
the development.

2010s4456 Humber modelling report v9_1.docx

XLVIII

E.22 Paragraph 5.41 has been amended to include this.
E.23 The ES should confirm how the 18-day time scale was determined and
how the bed level changes continue to develop over a longer time scale.
E.24 The 18 day cycle covers the full spring - neap tidal period. This was assumed
to represent the basic cyclical variation affecting the estuary and the modelled
effects were multiplied up to simulate longer term change periods.
E.25 Section 5.57: It is not clear whether there is a monitoring programme in
place to check the intertidal accumulation rates, which are claimed to be
negligible based on the modelling results presented. A monitoring
programme should be developed and included in the ES.
E.26 It is stated in paragraph 5.61 that a monitoring programme will be developed
for the ES.
E.27 Section 5.66: This section includes a proposal that the design will
include an allowance to “top up” the front 28m of quay by 200 mm if
needed, as a response to climate change. The ES should include details
of how would this be:
•

undertaken;

•

enforced; and

•

assessed or monitored over time.

E.28 This will be covered under additional work conducted by Hydraulics
Research, Wallingford.
E.29 Impacts on the sedimentary regime appear to be considered only with
respect to potential changes in waves due to changes in water levels. If
this information is extended in the geomorphology report MMO will
comment as relevant upon review of the document. If not this should be
included in the ES.
E.30 The geomorphology report contains a wider review of influences on and
pathways of change for the Humber Estuary covering the long-, medium- and
short-term and places into a wider context the driver changes and
morphologic responses predicted in this report.
E.31 Appendix C: Section C.2 – the model reference does not specify which
report is being referred to. Two are listed for 2006 in the reference list,
therefore this should be confirmed in the ES.
E.32 This has been amended and now refers correctly to CHL(2006a).
E.33 There does not appear to be any data showing the quality and density of
data close to the shoreline.
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E.34 Paragraph C.3 reports that 1m LiDAR data was used in intertidal areas
throughout the Humber Estuary.
E.35 Section C.7: Please provide the resolution of the model along the
shoreline up and downstream of the development.
E.36 This has been added to paragraph C.7. " The resolution of the grid cells is
150m square at the grid boundaries, which reduces to 15m square at the
MEP site. Along the shoreline the grid size increases from 15m at the site to
150m at Grimsby (downstream) and Hull (upstream)."
E.37 Model calibration / validation figures do not allow a clear assessment of
the model performance due to the scale used and the use of time-series
plots. A clearer assessment of the model performance should be given
by the additional inclusion of a scatter plot of modelled versus observed
and current elevation.
E.38 These diagrams have now been included (Figure 42 and Figure 43).
E.39 The percentage data are not shown. Information on how close to the +/20% limit the model got should be included. Also, it would be useful to
show this data as a histogram, to give a feeling of model performance
overall. This should be included in the final ES.
E.40 These points are now addressed in paragraph C.12, with histograms added in
Figure 46 and Figure 47.
E.41 Section C.13: There is no validation for the currents. The performance of
the current speed estimates needs to be more clearly documented as
those data determine the sediment transport patterns predicted by the
model and any potential erosion patterns.
E.42 More details on the accuracy of the model currents are now presented in
paragraph C.12.
E.43 There is no data to show how the wave model was calibrated, which
suggest it is uncalibrated. Please provide further information in the final
ES on calibration, or justification as to why the model is uncalibrated.
E.44 Details of the use of the wave model and its calibration have been added in
paragraph C.17.
Additional comments from the MMO (27th July 2011)
E.45 3.18: The potential for changes in erosion / accretion patterns is noted;
however it appears to be investigated purely with respect to the
changes in waves as a result of changing water levels (e.g. flooding).
The impact of the port on wave climate (e.g. changes in wave reflection)
does not appear to have been considered with regards to
accretion/erosion. However, the impact on adjacent intertidal areas has
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been listed as a potential impact/receptor. Little quantitative detail is
given in the geomorphology report (Annex 8.2).
E.46 A discussion of the potential for wave-related impacts on intertidal areas is
now provided in paragraph 5.43.
E.47 4.9: The bed level is limited to a 10 cm thick layer in the transport model,
beyond which sediment in not available for transport. The results and
discussion should assess how sensitive the model is to changes in this
value. It is claimed that an over prediction of the accumulation rates
occurs if the maximum erosion depth is set at a deeper level. However,
without knowledge of the actual accumulation rates it could be that the
estimates are under predictions. Therefore it is very important that the
setting of the maximum erosion depth is clearly explained and
evidence/justification given. The results should also demonstrate how
confident the authors are in the predicted accumulation rates.
E.48 Justification is presented in paragraph 4.9. This issue is now further
discussed in paragraph 5.49. It is highlighted that a cohesive processes
analysis is being performed by HR Wallingford.
E.49 It is not stated whether the sediment transport model includes bed
shear stresses due to waves; please confirm. These will be important on
natural inter-tidal areas (e.g., Le Hir, 2000 and Section 3.5 of Annex 8.2)
where there may be potential for erosion. That is, wave-induced shear
stress is high in those areas where current induced stress (e.g. Figures
3 & 4) is low and affects sediment transport there. An assessment
should be made and discussion on whether the development causes
changes in the wave-induced bed shear stress should be included in the
final ES.
E.50 Paragraph 4.14 states that wave stresses are not included in the ST
calculations. A discussion of the potential for wave-related impacts on
intertidal areas is now provided in paragraph 5.43.
E.51 The sediment transport modelling presented in the document is only an
assessment of average erosion/accretion in the deeper channel areas,
where wave processes are not directly relevant. Erosion on the margins
is suggested to be reported in the geomorphology report, but this has
not been done in any detail and should make use of the wave modelling
results.
E.52 A discussion of the potential for wave-related impacts on intertidal areas is
now provided in paragraph 5.43.
E.53 5.45: Given the potentially cohesive nature of the bed, please comment
on how the modelling approach is appropriate to this situation. Please
cite examples in the literature where possible to demonstrate the
applicability of the approach taken, to demonstrate that it is fit for
purpose.
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E.54 A footnote has been added to paragraph 4.4 to address this. It is also
highlighted in that a cohesive processes analysis is being performed by HR
Wallingford.
Comments from the EA (7 June 2011)
E.55 4.7 - When referring to the estuary exhibiting significant variation in
sediment size, particularly around Killingholme we are referred to the
Buro Happold report. It would be helpful if the results that demonstrate
the „significant variation‟ in sediment size could be presented here (also
see comment on Table 10 below).
E.56 The sampled sediment character around Killingholme is now illustrated in
Figure 4. This is referred to in this section.
E.57 4.17 discusses the disposal of dredged material.
Has the incombination effects of numerous capital dredge programmes disposing
in close succession on channel morphology been considered?
E.58 The disposal grounds are licensed and monitoring of morphologic response
will be conducted to detect any adverse change and the disposal regime will
be modified accordingly.
E.59 4.25 uses the term „very slightly‟. Could this please be quantified, i.e.
1%, 5% 10%?
E.60 Upon review typically hindered settling will not occur below about 2 - 3 g/l,
which is around 2000 - 3000 mg/l. Therefore, given our general level of
concentrations hindered settling can be ignored.
This statement has
therefore been adjusted.
E.61 5.9 - These results appear very different to the map shown to us at the
workshop in March. In March the figure indicated that there would be an
increase in water level of 3-4cm upstream of the Marine Energy Park
(MEP) and an increase of approximately 1cm at the MEP at low water.
We request clarification as to why there is a change in results and why
this change has come about?
E.62 As stated at the meeting it was reported that the results shown were
preliminary. Upon inspection the figure shown at the meeting was inaccurate
as it did not account for phase changes in the tide. The same time snap shot
was compared to present impacts. However it is more relevant to examine
the change in absolute water levels irrespective of any slight phase change,
which is now presented.
E.63 Changes in water level impact on the intertidal area and the programme
of works that the Environment Agency has planned to deliver for coastal
squeeze losses. Any indirect impacts on water level need to be
addressed. In paragraph 5.5 it identifies that changes in water level
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would be overshadowed by projected sea-level rise over the lifetime of
the development. Whilst this may be true over a 100 year span, an
increase in water level of 1cm equates to potentially needing to deliver a
managed realignment scheme 2-3 years earlier than previously planned
(working on current rates of sea level rise of 4mm per annum). This has
significant ramifications for the Environment Agency, were it required to
advance a managed realignment scheme in the short-term to address
any of these indirect impacts that are not attributable to coastal
squeeze. Although / - 1cm is within the model error bounds, it equates
to a significant change in intertidal area for the Environment Agency.
Due to the lack of scale on any of the maps, it is not possible to
calculate the potential length of estuary affected by this change.
E.64 It is not feasible to predict the potential change in water level to a level of
accuracy greater than that currently reported. It is suggested that the
management realignment proposals associated with the scheme are
implemented soonest.
E.65 5.31 identifies the potential for increased dredge requirements in the
north of the Humber Sea Terminal (HST) approach and port facilities but
does not include proposals to mitigate this impact. We would also
request information on whether this issue impacts longer term Water
Framework Directive (WFD) objectives of no deterioration.
E.66 It is assumed that this will be covered by the water quality report.
E.67 5.34 - Could you please advise if the impact of the potential increased
sedimentation at the E.ON and Centrica intakes and outfalls has been
assessed as we cannot find reference to this in any of the documents
received to date.
E.68 The potential impact has been reported on in detail in chapter 4 of the
geomorphology report and in the Addendum to this report (Appendix D).
E.69 5.46-7 - We have concerns in respect of the judgement made for longterm dredge requirements. If the 2006-07 rates are taken, the maximum
predicted rate is very close to doubling the requirements in percentage
terms. We accept the point that the modelled results give an unrealistic
volume, however, this remains an issue of concern.
E.70 Further mud modelling is being conducted and this issue will be addressed in
detail by Hydraulics Research, Wallingford.
E.71 Table 10. D50 0.05, this gives a very large volume and would have longterm dredging impacts. This relates back to point 4.7 and our request
for discussion of the particle size analysis within this document. From
reading the evidence presented within this chapter alone there is
insufficient evidence to see the range of particle sizes. Although the
median grain size is 0.1mm, what proportion are 0.05 or 0.2mm?
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E.72 The particle sizes measured offshore from Killingholme (Figure 4)
demonstrate the range of grain sizes is consistent with those modelled,
reference to this figure is made in section 5.44.
E.73 5.60 - “The Humber Maintenance Dredging Baseline describes how the
non-stationary Humber Estuary system requires several centuries to
reach a dynamic equilibrium due to changes within the estuary”. This
paragraph continues to describe the current proposals as leading to an
“insignificant contribution to the dynamic response of the system”.
This is a very bold statement to underpin the gist of this paragraph,
implying that due to what has happened before any impacts will be
insignificant from this proposal. Expert judgement will need to be
applied to unpick historical impact and the relationship to potential
future additional impacts.
Even if historically the estuary has
undergone major intervention to which it is still adjusting, this is not
justification for a carte blanche approach for future proposals. This
paragraph needs to be adjusted to address the implications discussed
above.
E.74 Reference has been made to the JBA geomorphology report (JBA Consulting
2011) which details the long-, medium- and short-term changes seen across
the Estuary. This helps to place the modelled changes within the wider
Estuary dynamics and shows that the measured variation is far in excess of
that predicted due to the proposed development.
E.75 5.62 - Data discussed from the 1960s.
The project should be
investigating long-term sediment movement and potential impacts.
Data is very limited in terms of Suspended Sediment Concentration
(SSC) information, and you should not just assume no impacts. The
estuary has been undergoing significant dredging for numerous years,
and so there is no baseline data without human intervention.
E.76 Further contextual Estuary turbidity maxima data have been added to this
paragraph to and a long-term sedimentation reference has been made to
demonstrate the pattern of change observed in the Estuary.
E.77 5.66-7 - The identified overtopping rate will pose a risk to people
working on the site and with it occurring at such a low return period it
may interrupt the use of the quay on a frequent basis. We would expect
the issue of the safety of people in these events to be addressed in a
flood warning and evacuation plan to the satisfaction of the relevant
emergency planners.
E.78 This will be reported elsewhere.
E.79 5.70 - Could you please confirm if this 14 year period included the
events of the 1980s. These events should be considered.
E.80 The period was from 1978 to 1991 (ABPmer, 2007). This has been added to
the text.
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E.81 5.72 - Could you please advise on the proposed mitigation for the
impacts of the 40cm increase in wave heights.
E.82 This is reported on in the Flood Risk Assessment and Drainage strategy (JBA
Consulting 2011).
E.83 Figure 33 - Is the coloured area around the arrow on the top left hand
corner an anomaly that should not be shown or is it a real modelled
change that is not adequately addressed in the text?
E.84 This small incoherent area is an anomaly and has been removed from the
figure.
E.85 5.75 - Could you please advise on the proposed mitigation for the
impacts on the 200m stretch of the defence north of the quay.
E.86 This will be provided in the ES.
E.87 5.77 - Will the rates of overtopping discussed exceed the capacity of the
drainage system? The drainage system will need to be adequate to deal
with the large volumes of predicted overtopping from the 200year event,
so that it does not reach the landward side of the quay.
E.88 This is reported on in the Flood Risk Assessment and Drainage strategy (JBA
Consulting 2011).
E.89 5.78 - We would like to see further evidence to support the statement
that there will be no structural issues with the quay being submerged, in
either this document or the Flood Risk Assessment.
E.90 This is reported on in the Flood Risk Assessment and Drainage strategy (JBA
Consulting 2011).
E.91 5.81 - As per points raised in respect of 5.71 and 5.74 above. We require
demonstration that these increased impacts will be adequately
mitigated.
E.92 This general statement is covered in the responses above.
E.93 5.82 - We would be please to receive details of the monitoring and
review proposed in this paragraph.
E.94 A monitoring strategy will be developed using information from this report and
others.
E.95 6.1 – Table 17 Identified receptors and summary of impacts: Coastal
defences: The Environment Agency requires up front mitigation for the
potential impacts identified with longer-term monitoring to determine
actual wave refraction impacts and rates of sedimentation/erosion.
E.96 This does not form part of this report and is covered elsewhere.
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E.97 6.1 – Table 17 Identified receptors and summary of impacts: Nearby port
facilities: Details on how you will address the significant additional
dredge requirements at the Humber Sea Terminal is requested.
E.98 This does not form part of this report and is covered elsewhere.
E.99 6.1 – Table 17 Identified receptors and summary of impacts: Conoco and
E.ON intakes/outfalls: In our opinion, the impact of sedimentation on
these intakes and outfalls has not been adequately addressed.
Increased accumulation may lead to additional maintenance
requirements at these sites. Further evidence on the potential rates of
accumulation should be provided and if these rates appear excessive,
mitigation measures need to be suggested.
E.100 This is reported on in Appendix D.
E.101 6.1 – Table 17 Identified receptors and summary of impacts: Estuary wide
sea defences: This summary should be amended to include the impacts
on the defences adjacent to the site and the compensation site.
E.102 This is covered in the geomorphology report (JBA 2011).
Additional comments from the EA (meeting minutes: 11 July 2011)
E.103 EA were content with the proposals for an adaptive mitigation strategy
that permitted 200mm of concrete topping to be placed on the quay in
the event that sea levels rose at least at the predicted rate. However
when doing overtopping calculations at 100 years from present it should
be assumed that the topping had been installed and overtopping rates
calculated on that basis.
E.104 These overtopping calculations are now presented in the relevant section.
E.105 The report needs to provide clearer guidance on the general water level
changes within the estuary as a whole as this is very relevant with
regard to understanding the compensation requirements.
E.106 As described, predicted water level changes due to the proposed
development are indistinguishable from model noise. Further information on
water volume changes are presented in paragraph 5.8.
E.107 EA noted that the overtopping rates quoted in the text differed to that
presented ion the tables – clarification was required. The report also
needed to clarify whether the overtopping rates quoted for 100 years
into the future included the benefit of the additional 200mm topping.
E.108 See above (paragraph E.104).
Natural England comments reviewed alongside the geomorphology
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report
E.109 Page 9 (section 2.19) “Between 1985 and 2007 the total mass of material
dredged from and disposed into the estuary was in the range 9 to 17
million tonnes per annum.” It needs to be made explicit within the text
that all material removed for this development will be kept within the
system (and deposited at licensed sites).
E.110 This has been stated in the paragraph.
E.111 Page 13 (section 2.26) “The diagram shows a larger area on the north
bank than the proposed 90 hectare compensatory habitat to delineate
the area in which the habitat will exist”. Once the exact location and
size of the realignment site has been agreed, there will need to be a
clear explanation of how any impacts from the final design differ to the
impacts predicted by the model.
E.112 This will be covered in the compensation site report by Black and Veatch.
E.113 Page 35 (section 5.15) “Along the edge of the north bank the modelled
baseline current magnitude is 0.23m/s. The predicted increase due to
the scheme is 0.003m/s (1%). However due to the very small nature of
this value significant caution should be used in associating a level of
certainty to it.” Due to model error is there a chance that this figure
could be much larger?
E.114 Model error is likely to be greater than 0.003m/s and some caution is needed
when reviewing the model results. Magnitudes of change similar to this have
been previously reported however.
E.115 Page 38 (section 5.17) “At the location of ADCP2, which is just upstream
from the proposed quay location, during the rising tide there is a
modest increase in speed here due to the scheme of 2.5%.” We are
unaware of the location of ADCP2 and depending on location, this
speed increase could be important for the designated site (i.e. increased
speed leading to increased erosion). Figures 20 and 21 seem to suggest
there may be changes in speed of 1.5m/s (or higher) which could be
important. This needs to be assessed within the reports.
E.116 This is a misinterpretation of the graphs, actual change values are around
0.025 m/s.
E.117 Page 47, Diagrams 27 & 28, footnote highlights “The triangle area of
white to the south east of the quay, adjacent to the reclamation area of
the Humber International Terminal, is intertidal area where there is no
data at these times (as opposed to there being no change in current
speed). The same applies to other similar figures in this report - Figure
25, 26 etc.” Why is it not possible to obtain data for this area?
E.118 These areas were modelled as having no flow and hence are nor represented
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in the diagrams.
E.119 Page 48 (Section 5.35) “The recirculation pattern on the rising tide at the
HST leads to increased shear stress near the foreshore around North
Killingholme Pits. Therefore there is unlikely to be an increase in
siltation here, but rather the potential for erosion. Humber Work Boats
are also based at the coastline at this location. The potential for erosion
along the inter-tidal area should not impact upon their shipping
operations, and may reduce any maintenance dredging required.”
What will the impact of this potential erosion issue be on North
Killingholme Haven Pits and the link between use of the site for high
tide roosting and associated feeding on the foreshore by SPA and
Ramsar waterbirds? This needs assessing.
E.120 The impact on North Killingholme Haven Pits and the Humber Boat Works
has been addressed previously.
E.121 Page 50 (Section 5.39) “Predominant areas of erosion are predicted at
the edges of the dredged AMEP approach area. This process is most
prominent to the north of the dredged area, where the existing
bathymetry drops from -9.9mOD to -12.9mOD.” This is around 30% on
the baseline which is a large amount, over how long a time period does
this cover? What are the implications for such a large change?
E.122 Section 5.39 has been reworded to indicate that this dramatic drop is due to
dredging and is not an erosive response.
E.123 Page 50 (section 5.41) “It should be noted that the short-term ST model
simulation fails to predict the likely long-term increased accumulation in
the intertidal area adjacent to the quay. The nature of the likely changes
to these areas is assessed in the accompanying report on
geomorphology.” Why does it fail to predict this?
E.124 The sediment transport model is not specifically used to predict change in this
intertidal area. Instead a more detailed analysis of shear stress change is
used to estimate associated erosion and deposition.
E.125 Page 50 (section 5.46) The level of increased dredging is potentially
double for HST which is significant. What do Able plan to do about this
and how will this impact on the wider estuary, for example through
increased siltation, impacts on dissolved oxygen?
E.126 Mitigation of these impacts have been modelled and are now included in
Appendix D of this report.
E.127 Page 55 (Section 5.62) discusses data from the 1960‟s - this is very out
of date, as mentioned throughout the report the estuary is a dynamic
place which has undergone changes over recent decades, therefore the
more recent data should be used when looking at suspended sediment
concentrations.
2010s4456 Humber modelling report v9_1.docx

LVIII

E.128 The older data used in this study provided the best coverage of the estuary.
More recent data were deemed less adequate in this respect.
E.129 Pages VIII to X, Figures 35-37 (in the appendix) seem to show some
significant changes in erosion and deposition in the estuary. Is it
possible to show degrees of changes (i.e. perhaps different shades for
different levels of erosion/deposition)? This may provide more usable
information.
E.130 The colouring only represent areas of change and have no magnitudes
attached to them. More detail on historic and contemporary change are
contained in the geomorphology report (JBA Consulting 2011).
E.131 Page XVI (section C. 20) shows an error message within the text which
needs amending.
E.132 Unable to find the error. Assumed to have resolved itself.
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F.

The effects of quay configuration on wave
overtopping

F.1

The EA require defences that will be affected by the development in 2033 (the
end of the current 25-year Humber Strategy timeline) to be upgraded to a
1:200-year standard in 2033. In consultation with the EA, Able UK have
proposed to upgrade the affected defences to limit mean wave overtopping to
2 l/s/m for a 1:200-year event in 2033. This appendix examines the
ramifications of a proposed redesign of the quay on the wave overtopping
impacts highlighted in paragraph 5.77. It also reports on a mitigation design
to reduce the impacts at the EA defences.

F.2

Able have proposed changes to the northern end of the quay for mitigation of
the predicted impacts on hydrodynamic and sedimentary processes. These
include setting the front line of the quay closer to the shore and assigning a
gradient to the rubble mound that extends out from the sea defence along the
quay wall of 1:4 (Figure 55).
Figure 55: North end of quay for mitigation design

F.3

This redesign of the northern end of the quay will affect the wave reflection
impacts highlighted in paragraph 5.74.
Wave reflection modelling is
2010s4456 Humber modelling report v9_1.docx

LXI

performed again for a 1:200-year event in 2033 for waves travelling directly
south (i.e. the direction leading to the most significant reflection impacts). The
reflection coefficient for a 1:4 gradient rubble mound slope is 0.2 (Thompson
et al. 1996). A conservative reflection coefficient of 1 is used for the vertical
portion of the quay side that extends from the rubble mound to the quay
frontage.
F.4

Figure 56 shows the predicted increase in wave height for a 1:200-year event
in 2033 due to the quay with the mitigation design. A reduction in the wave
energy from that which occurred for the preliminary design (Figure 31) is
evident. This is due to the greater wave dissipation provided by the reduced
slope of the rubble mound (the waves are exposed to a larger area of rubble).
It is also due to the reduced length of the side of the quay. The increase in
wave height at the coastal defences adjacent to the quay is 25cm, which
decreases to zero within a distance of 60m along the defences. Though there
is some wave energy reflected at the far north portion of the quay wall, this
dissipates before reaching the sea defences.
Figure 56: Increased wave heights for a 1:200-year event in 2033 due to the quay with mitigation
design

F.5

The modelling shows that in 2033, to the south of the quay, increases in wave
height for a 1:200-year event at the defences due to reflection are negligible.
This result is different from that shown in Figure 30, which is for the projected
sea level in 2114, as greater depth-limitation of the waves to the south of the
quay is brought about by the lower mean sea level.
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F.6

A mitigation strategy for reducing the increased overtopping rate due to the
quay is to place rock armour in front of the wall on the slope of the defence.
This rock armour layer will cause significant dissipation of wave energy and
reduce the overtopping rates during extreme events. In order to calculate the
mean17 overtopping experienced at the defence for varying configurations of
rock armour, the EurOtop method of PC Overtopping was used. This method
allows for a more accurate specification of the exact dimensions of a defence.
The mean overtopping rate specifying a defence with a 1 in 3 slope with a
complete rock armour surface (i.e. up to the defence crest level of 6.2mOD),
which extends out from the defence line by 11.1m is 3.6l/s/m. For a 1 in 3⅓
slope that extends 12.3m out, the mean overtopping rate is 1.9l/s/m.
Therefore this latter scenario reduces overtopping to the north of the quay in
2033 for a 1 in 200-year wave height/water level event with the quay in place
to less than the 2l/s/m specification. The length of defence affected by wave
reflection impacts to the north of the quay is approximately 60m.

17

Note that Table 16 reports the conservative deterministic overtopping rate, not the mean.
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