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INTRODUCTION

1.1

SITE DESCRIPTION

1.1.1

Able UK proposes to construct a Marine Energy Park (AMEP) on the south bank of
the Humber. This is expected to require compensation for the loss of designated
estuary habitat and bird feeding areas. A managed realignment on the north bank
of the Humber at Cherry Cobb Sands is proposed to meet this compensation
requirement.

1.1.2

This report considers the recent evolution of the foreshore adjacent to the site
providing more detail on this part of the estuary than the overall assessment of
Humber geomorphology evolution contained in the report Geomorphological
dynamics of the Humber Estuary (Annex 8.2).

1.1.3

The foreshore fronting the proposed Compensation Site is shown on the current
version of the Ordnance Survey 1:50000 mapping (Figure 1) as foreshore
approximately 1 km wide between the existing flood defence embankment and the
mean low water line. This area of foreshore is known as Foul Holme Sand. At the
north end of the proposed site there is an embayment in the flood defence known as
The Outstray with an extensive growth of saltmarsh whose seaward limit is more or
less defined by the line of the flood defence to the south. The 1:50000 mapping
shows some saltmarsh fronting the northern part of the proposed Compensation
Site and also at the south end of the site, but little or none in the central section.

1.1.4

Four drainage outfalls enter the Humber 400 m to the south of the proposed
Compensation Site though gravity sluices discharging into a small inlet known as
Stone Creek. A channel is shown on the mapping running southeast, approximately
parallel to the line of flood defence and saltmarsh but around 200 m offshore for a
distance of about 2200 m before turning south west to drain into the low water
channel of the Humber.

1.1.5

Navigation charts outline the western edge of Foul Holme Sand but do not normally
extend over Foul Holme Sand or include the creek that connects Stone Creek to the
main low water channel of the Humber as these features are avoided by commercial
navigation. Analyses of these charts for the Environment Agency have been used to
understand the overall interchange between subtidal and intertidal areas.

1.1.6

The present features of Foul Holme Sand are shown on aerial photography at low
tide such as that provided by Google maps (Google inc, 2010) or from LiDAR
imaging flown at low tide by the Environment Agency. Aerial photographs since
the 1940’s provide some additional information on the recent evolution of this
foreshore and historic mapping from the mid 19th Century to the present day also
provides some indication of how this foreshore has developed over about 150 years.
All these sources of information are considered in this note.
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Figure 1

Ordnance survey 1:50,000 mapping of Cherry Cobb Sands
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THE PRESENT DAY FOREHORE OF CHERRY COBB SANDS

2.1

COMPARISON OF AVAILABLE INFORMATION

2.1.1

A composite picture of the present day topography of the foreshore fronting Cherry
Cobb Sands has been developed in Figure 2 by combining bathymetry from the 2010
ABP navigation chart, the LiDAR flown in September 2007 by the Environment
Agency at low tide and a 2010 topographic survey of the proposed Compensation
Site carried out for Able. The match line between the bathymetry and LiDAR
surveys was set at -2 mAOD, where a good match between LiDAR and bathymetry
surveys was found. There was also no evidence of inconsistency between the levels
obtained from the LiDAR survey and those measured in the topographic survey.

2.1.2

The LiDAR survey was flown about three months after the severe floods in the
summer of 2007 that may have eroded material from the foreshore drainage
channels that receive land drainage from the Stone Creek outfalls and about four
months before the Environment Agency dredged Stone Creek in January 2008.

2.1.3

Aerial photography of the estuary at low tide obtained from Google Maps (Google
inc, 2010) is shown in Figure 3. The aerial photograph was flown in May 2007; four
months before the LiDAR survey. As would be anticipated with surveys flown so
close together, the features in the two data sources are very similar.

2.1.4

Comparison of the LiDAR survey and aerial photograph of Figure 2 and Figure 3
with the mapping of Figure 1 shows a general similarity since the time when the
Ordnance Survey foreshore mapping was last revised.

2.1.5

The aerial photograph and LiDAR images from 2007 show a single outfall channel
into the Humber instead of the more complex bifurcated outfall channel shown on
the mapping close to the Humber mean low water line. The location of the creek
outfall into the Humber is similar in the mapping and the aerial photography.

2.1.6

A second difference is that the LiDAR and aerial photograph show the shore
parallel creek extending northwest of Stone Creek all along the frontage of the
proposed Compensation Site, which is absent in the 1:50000 mapping. This
northwest extension of Cherry Cobb Sands Creek is also evident in a plot of middle
estuary bathymetry prepared from ABP bathymetric and Environment Agency
LiDAR surveys in 2000 (Environment Agency, 2005 Figure 4.1). This 2000 survey
plot does not show the creek as a continuous feature southeast of Stone Creek. The
creek is assumed to have been continuous in 2000, but not reported because of the
resolution of the survey analysis.

2.1.7

In the absence of an official name for the creek running parallel to the present flood
defence embankment protecting Cherry Cobb Sands we refer to it as ‘Cherry Cobb
Sands Creek’ in this report. The name ‘Stone Creek’ is reserved for the inlet that
receives land drainage from four outfalls. Stone Creek is treated as a tributary of
Cherry Cobb Sands Creek which it joins around 100 m offshore of the inlet in the
flood defence.
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Figure 2

Present day topography of the Cherry Cobb Sands foreshore

2.2

DESCRIPTION OF THE PRESENT DAY CHERRY COBB SANDS FORESHORE

2.2.1

Cherry Cobb Sands Creek has a length of around 6 km as a well defined feature on
the 2007 LiDAR mapping (Figure 2) and the Google Maps aerial photography
(Figure 3). It originates around 3.5 km northwest of the Stone Creek confluence as a
southeast flowing drainage creek seaward of The Outstray, where it receives some
of the ebb tidal drainage from this saltmarsh. The boundary between those parts of
The Outstray that drain locally to the Humber and those parts that drain to Cherry
Cobb Sands Creek appears poorly defined.

2.2.2

As Cherry Cobb Sands Creek flows southeast it gradually enlarges and moves
closer to the existing flood defence. Opposite Sands Farm, around 1.4 km upstream
of the Stone Creek confluence, Figure 4 shows Cherry Cobb Sands Creek to be about
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40 m wide and 2 m deep and within about 80 m of the existing flood defence
embankment. The creek continues southeast almost parallel to the embankment
becoming wider and deeper until the Stone Creek confluence.

Figure 3

Google Maps image of the Cherry Cobb Sands foreshore

2.2.3

Just upstream of the confluence with Stone Creek, Cherry Cobb Sands Creek is
around 2.2 m deep and around 60 m wide and its near bank is around 130 m
offshore (Figure 4). Downstream of the Stone Creek confluence, Cherry Cobb Sands
Creek continues to widen and deepen. At a point 0.4 km south east of the Stone
Creek confluence the creek is around 90 m wide and 3 m deep (Figure 4). The creek
continues to enlarge and swings south where it flows into the main low water
channel of the Humber about 2.5 km downstream of the Stone Creek confluence.

2.2.4

The aerial photograph (Figure 3) indicates that in the final 100 m or so of Cherry
Cobb Sands Creek there is a sharp turn to the west so that the entry into the
Humber at low tide is directed upstream. This is different from the LiDAR survey
of 2007 (Figure 2) which indicates the channel does not have a final sharp turn
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before entering the low water channel of the Humber. The differences to this lower
end between the mapping, the LiDAR and the aerial photography all suggest that
the alignment of the most downstream portion of the creek is dynamic and subject
to fairly frequent changes in response to changing wave and tidal conditions. Such
localised changes close to low tide are unlikely to affect the behaviour of the
remainder of the creek which has a higher bed level.
2.2.5

Cherry Cobb Sands Creek receives foreshore drainage from the intertidal area
between the creek and the flood defence along the whole frontage of the proposed
Compensation Site. The creek pattern shown on the LiDAR and aerial photography
indicates that this creek also receives a significant portion of the foreshore drainage
from Foul Holme Sand to the west of the creek. The foreshore drainage catchment
of Cherry Cobb Sands Creek is typically 400 to 500 m wide upstream of the Stone
Creek confluence and around 600 m wide downstream. Around 140 ha of intertidal
foreshore drains into Cherry Cobb Sands Creek upstream of the Stone Creek
confluence, and a further 160 ha drains into this creek downstream of the
confluence.

2.2.6

The LiDAR survey (Figure 2) shows Foul Holme Sand extends around 600 m to the
southwest of Cherry Cobb Sands Creek at the northern end of the proposed
Compensation Site, gradually increasing to around 800 m opposite Stone Creek.
This intertidal area is a flat topped feature that is relatively steep on the western side
with creeks draining directly into the Humber low water channel. On its eastern
side Foul Holme Sand has more widely spaced creeks that drain into Cherry Cobb
Sands Creek.

2.2.7

The level of the highest point on Foul Holme Sand gradually reduces from about 2.3
mAOD at the northern end of the Compensation Site to 1.7 mAOD offshore of Stone
Creek. These levels are generally slightly above 1.9 mAOD, the level of Mean High
Water Neap (MHWN) tides at Immingham so the top of Foul Holme Sand is only
covered on mean and spring tides at the northern end of the proposed
Compensation Site. These levels are at the lower end of those where colonisation by
pioneer saltmarsh might be expected.

2.2.8

The saltmarsh survey of the Cherry Cobb Sands foreshore (Annex 34.1) found that
the foreshore between the existing flood defence and Cherry Cobb Sands Creek was
an area of upper and middle saltmarsh. On Foul Holme Sands beyond Cherry Cobb
Sands Creek some lower saltmarsh plants were found. Natural England in their
condition assessment of this frontage in March 2010 reported that ‘Saltmarsh is
undergoing a period of expansion and encroachment downshore’ (Natural England, 2010).
Consultees with particular knowledge of this foreshore such as landowners and
tenants also report that the level of the foreshore has risen over the past decade.
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Figure 4

Foreshore cross sections through Cherry Cobb Sands Creek
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LAND DRAINAGE AT STONE CREEK

2.3
2.3.1

Stone Creek receives land drainage from around 84 km2 of land north and east of
the outfall through four gravity drainage outfalls or cloughs. These outfalls are:


Cherry Cobb Sands Drain (draining land to the west of Keyingham Drain
including the proposed Compensation Site);



Keyingham Drain (draining land to the north and east of Stone Creek almost as
far as the North Sea coast at Tunstall);



Ottringham Drain (draining land between Ottringham and Stone Creek; and



Sunk Island Drain (draining the northwest part of Sunk Island).

2.3.2

Discharge through all the outfalls at Stone Creek is controlled by tidal pointing
doors which allow land drainage to flow by gravity into Stone Creek whenever the
water levels in the land drains are higher than the tide level. This allows drainage
of freshwater into Stone Creek during the low tide period. For Cherry Cobb Sands
Drain and Ottringham Drain this is the only control on water levels at their outfall
structure. For Keyingham Drain and Sunk Island Drain there are in addition sluice
gates which may be set to control the maximum outflow through these outfalls and
so assist in the management of water levels within these drainage systems.

2.3.3

The high silt loads within the Humber lead to a natural tendency for accretion
within Stone Creek on each flood tide which is counterbalanced by the force of the
freshwater flow discharged through each of the land drains at the time of low tide.
The freshwater discharge at low tide cuts a drainage channel that connects each
outfall with the main low water channel of Stone Creek. The balance of the tidal
and freshwater flows creates a dynamic balance that will vary seasonally as silt
concentrations and freshwater flows vary. Silt levels in Stone Creek are also likely
to change from year to year with higher levels following long periods of low
drainage flows and lower levels after prolonged high flows.

2.3.4

The local Internal Drainage Boards (IDB) who manage the drains that discharge
through Stone Creek report that the Environment Agency, who are responsible for
the maintenance of Stone Creek, dredged the creek following the exceptional
flooding of the East Yorkshire area in the summer of 2007. They also comment that
the silt levels within Stone Creek returned to pre-dredge levels fairly shortly
afterwards. The natural balance between silt accretion on the flood tide and erosion
on the ebb tide arising from the freshwater flow would be expected to re-establish
itself fairly rapidly in the high silt environment of the Humber.

2.3.5

The IDBs are concerned that the natural silt level in Stone Creek is often too high
and leads to risks of flooding of land in the more distant parts of the drainage
catchment as the water levels in the drainage system rise during wet periods to
provide sufficient head to drain off the freshwater flow that enters the drain each
tidal period. A period of high freshwater flows will erode some silt from Stone
Creek which will increase the amount of freshwater flow that may be discharged
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during subsequent tides. This in turn will reduce water levels in the drains and the
associated risk of flooding. However, a problem may arise during the initial period
of high flows if the capacity of Stone Creek has been reduced during an antecedent
period of low flows as this would increase the risk of upstream flooding. The
Environment Agency has chosen not to repeat the dredging carried out following
the floods of 2007.
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3

HISTORIC EVOLUTION OF THE CHERRY COBB SANDS FORESHORE

3.1

LONG TERM INFORMATION ON THE CHERRY COBB SANDS FORESHORE

3.1.1

The description o f the Cherry Cobb Sands foreshore in section 2.2 and of land
drainage in Stone Creek in section 2.3 has highlighted probable short term
variations in the alignment of the downstream section of Cherry Cobb Sands Creek
and of silt levels within Stone Creek. The modern mapping and surveys, however,
provide little indication of the evolution of these features over longer periods.

3.1.2

Longer term assessment of changes to the Cherry Cobb Sands foreshore has been
based on historic aerial photographs from the English Heritage National
Monuments Record. There are occasional aerial photographs of this foreshore that
cover the period 1946 to date. In addition old Ordnance Survey one inch to one mile
mapping (Cassini, 2008) provides some evidence of changes in foreshore features
since the mid 19th century. Navigation charts from the mid 19th century have also
been reproduced (Cutts et al 2008). In examining old maps and charts it is important
to note that the estuary foreshore is usually not a feature of particular interest to
cartographers so it is updated less frequently than other features that are of greater
interest. However, the foreshore shown on old maps and charts is likely to have
been based on information available at the time the first edition of the map was
prepared so even if of limited reliability is likely to indicate general features.

3.1.3

Analyses of estuary intertidal areas in support of geomorphology studies for the
Humber Estuary Flood Risk Management Strategy (Environment Agency, 2005)
have also been consulted as they provide evidence of changes in subtidal and
intertidal areas of the estuary since 1936.
3.2

3.2.1

EVOLUTION OF THE CHERRY COBB SANDS FORESHORE

During the 16th and 17th centuries, the Cherry Cobb Sands area was a major Humber
sandbank that was reclaimed between 1770 and 1800. Keyingham Drain and then
Ottringham Drain were extended to their present outfall locations at Stone Creek in
the period 1802-7 (Shepherd, 1966).
Mapping 1824-1923

3.2.2

All maps and aerial photographs since the Ordnance Survey Old Series dated 182458 show that the alignment of the flood defence embankment at Cherry Cobb Sands,
the location and shape of Stone Creek, the Cherry Cobb Sands, Keyingham and
Ottringham land drains that discharge through Stone Creek, the principal
residences of the Cherry Cobb sands area and the saltmarsh of The Outstray at the
northern end of the proposed Compensation Site have hardly changed over the past
150 years.

3.2.3

Comparison of the old maps with current surveys shows major changes in the
location of Foul Holme Sand. In the mapping for the period 1824 - 1924 Foul Holme
Sand is shown as a spit in the centre of the Humber estuary that was attached at its
north end to the north bank of the Humber near Paull. Foul Holme Sand was
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separated from the proposed Compensation Site by up to 1 km of water at mean
low tide. The 19th century charts of 1828 and 1875 (Cutts et al 2008, Figure 1.2) also
show that Foul Holme Sand was a spit in the centre of the Humber throughout this
period. In the 1824-58 mapping the end of Foul Holme Sand was 1.5 km offshore of
the flood defence and it extended as far south as Stone Creek. In the mapping of
1903-8 and 1923-4 the end of the bank remained the same distance offshore but had
retreated around 2 km north. When the 1923-4 mapping was revised in 1946-7 the
shape of the foreshore was unchanged. This is most likely because the foreshore
was not included in the revision.
3.2.4

While Foul Holme Sand retreated north in the late 19th century, a smaller spit was
growing from the south side of Stone Creek. This spit is shown in the 1903-08
mapping to extend more than 1 km north of Stone Creek, but by the 1923 mapping it
had retreated more than 0.5 km south of Stone Creek. The end of this spit was
around 0.5 km offshore from the flood defence on both maps.

3.2.5

The immediate foreshore of the proposed Compensation Site in the 1824-58, 1903-8
and 1923-4 mapping is shown as being between 100 and 400 m wide with the
minimum width found offshore of Sands Farm where the alignment of the flood
defence changes slightly.
Aerial photography 1946-1995

3.2.6

Since 1946 there have been occasional aerial photographs of the Cherry Cobb Sands
Compensation Site and foreshore. A selection of these is described in the Review of
Geomorphological dynamics of the Humber Estuary (Annex 8.2 Appendix A). The
aerial photographs are taken at a variety of tidal states so foreshore creeks and
intertidal areas are not always clear. Photographs are available for 1946-7, 1953,
1973/6 and 1995 as well as present day photographs.

3.2.7

The aerial photographs generally show a shore parallel creek or similar feature that
is especially marked offshore of Stone Creek. The photographs especially one from
1995 suggest this creek receives drainage from minor creeks across the foreshore
further offshore, similar to the pattern seen in the 2007 LiDAR (Figure 2).

3.2.8

A feature that is particularly clear in the 1976 aerial photography but also evident in
photographs from 1946/7 is a channel across Foul Holme Sand connecting the shore
parallel creek to the main Humber low water channel. In the 1946/7 photographs
this channel is located 0.5 to 1 km north of Stone Creek. By the time of the 1976
aerial photograph the channel is located 1 to 1.5 km north of Stone Creek.
Post 1970 mapping

3.2.9

Mapping evidence for the location of the channel across Foul Holme Sand is
provided in a digitised map of the foreshore Site of Nature Conservation Interest
(SNCI) provided by East Riding of Yorkshire Council (ERYC) that is reproduced on
a current Ordnance Survey background in Figure 5. The foreshore mapping shows
a channel across Foul Holme Sand around 1 to 1.5 km north of Stone Creek, in a
similar position to that shown in the 1976 aerial photograph. There is no evidence
remaining of this feature in the 2007 Lidar survey of Foul Holme Sand (Figure 2),
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the recent aerial photography (Figure 3) or in the Lidar survey of 2000 (Environment
Agency, 2005 Figure 4.1).
3.2.10

The mapping of Figure 5 also illustrates the variability of the outfall position of
Cherry Cobb Sands Creek into the Humber. Recent mapping (Figure 2) shows this
outfall to be currently around 1.5 km west of where it was when the mapping used
to define the SNCI area was drawn.
Analysis of estuary intertidal and subtidal areas

3.2.11

Regular bathymetric surveys of the Humber estuary between 1936 and 2000 were
analysed as part of the Humber Flood Risk Management Strategy (Environment
Agency 2005, Appendix B figure B6) to understand the evolution of the Immingham
reach of the estuary.

3.2.12

This analysis identified a 200 ha increase in the subtidal area of the north bank of the
Humber in Zone 10N and 11N between Sands House Farm and the south end of the
Paull Holme Strays managed realignment. As the flood defence alignment did not
change in this section of the estuary during this period, and the extent of saltmarsh
has remained fairly similar, it implies an equivalent reduction in intertidal area over
this 4 km section of the north bank of the estuary. This is equivalent to an average
reduction in the width of the foreshore and any offshore sandbanks of 500 m. Most
of this change occurred in the 50 years prior to about 1985. No explanation for the
scale of the change has been given, and is beyond the scope of this report, but it
would be consistent with the change in Foul Holme Sand from a major mid estuary
spit in the 1923-4 Ordnance Survey mapping to a linear foreshore along the north
bank of the estuary in current mapping.

3.2.13

The subtidal area analysis also identified a 40 to 50 ha reduction in subtidal area and
by implication a corresponding increase in intertidal area over a 2.5 km section of
estuary immediately downstream of Stone Creek. This corresponds to a more
modest 150 to 200 m increase in the average width of the part of the foreshore that
the downstream portion of Cherry Cobb Sands Creek currently passes through.
This change primarily occurred between 1950 and 1970 with relatively stable
subtidal areas beforehand and afterwards. Review of the potential causes of these
changes is beyond the scope of this report.
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Figure 5

Mapping of SNCI on the Humber north bank foreshore
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4

FINDINGS

4.1

STABLE FEATURES

4.1.1

The geomorphology analysis has shown that several features of the foreshore of
Cherry Cobb Sands have been very stable over the 200 years since their reclamation
in the late 18th century.

4.1.2

These features are the alignment of the flood defence embankment at Cherry Cobb
Sands, the location and shape of Stone Creek, the Cherry Cobb Sands, Keyingham
and Ottringham land drains that discharge through Stone Creek and the saltmarsh
of The Outstray at the northern end of the proposed Compensation Site.
4.2

STABILITY OF FOUL HOLME SAND

4.2.1

Foul Holme Sand has changed very greatly over the last 150 years from a mid
estuary spit linked to the north bank of the Humber near Paull to a relatively
uniform width foreshore along the north bank of the Humber. This information
was drawn initially from old mapping and is supported by the calculated increase
in subtidal area and corresponding reduction in intertidal area found by analysis of
estuary bathymetric charts since 1936.

4.2.2

The movements of Foul Holme Sand over the past 150 years suggest that offshore of
the historic 100 to 400 m wide foreshore to the Cherry Cobb Sands reclamation the
material underlying the present intertidal area is potentially mobile.

4.2.3

The absence of any channels crossing Foul Holme Sand, which is a feature of
present day surveys, is a relatively recent development. Prior to this there was a
channel across this foreshore which gradually migrated northwards over a 30 to 40
year period from 1946. This is evident from aerial photographs and some recent
mapping. More speculatively, it may also reflect a feature of some of the old
mapping which shows a near shore north pointing spit in front of Stone Creek
separated from the south pointing spit of Foul Holme Sand which was further north
and further offshore. The channel across Foul Holme Sand may be a relic of the gap
between these two spits as they migrated towards the north bank of the Humber.
4.3

STABILITY OF CHERRY COBB SANDS CREEK

4.3.1

In old mapping the original foreshore fronting the Cherry Cobb Sands flood defence
was 100 to 400 m wide which is similar to the current distance between Cherry Cobb
Sands Creek and the flood defence north of Stone Creek. The alignment of this
creek may possibly be fixed by the material that formed the original foreshore of the
Cherry Cobb Sands reclamation. Some large scale mapping of the Cherry Cobb
Sands land holdings note the presence of shingle as well as mud in front of the flood
defence. This is unexpected as shingle is an unusual feature in the Humber.

4.3.2

The presence of a channel crossing Foul Holme sands within the last 30 years
indicates that if conditions were favourable, this channel might re-establish itself.
The presence of a breach through the flood bank, increasing flows across Foul
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Holme Sand might provide such conditions, though evidence in Annexes 32.4 and
32.6 indicates the risk is low. In the past this channel proved to be a relatively
mobile feature and not tied to a particular location. If the channel reopens because
of a breach in the flood bank, it is more likely to be fixed in location.
4.3.3

The present outfall of Cherry Cobb Sands Creek into the Humber at low tide is
dynamic. Evidence from recent mapping indicates a 1.5 km variation in the location
of the outfall. This dynamic behaviour is likely to continue under the strong tidal
influences modified by varying wave conditions.
4.4

DRAINAGE OUTFALL AT STONE CREEK

4.4.1

All the old mapping including that of 1923-4 indicates that Stone Creek used to have
a direct access to the Humber low water channel across a relatively narrow
foreshore.

4.4.2

The aerial photographs since 1946 all suggest that since then there has been a shore
parallel channel which the land drainage water needs to flow down before reaching
the Humber low water channel. It is not known how this outlet has moved over
time, but on the basis of more recent evidence the location of the outfall is likely to
have moved frequently.

4.4.3

While the channel across Foul Holme Sand was close to Stone Creek as in the 1946
aerial photograph, this may well have provided the outlet. However by the time of
the mapping used to delineate the ERYC SNCI (Figure 5), the outlet had moved
3.5 km to the southeast of Stone Creek. This mapping suggests that at the time the
base mapping was prepared, the channel across Foul Holme Sand with its outlet
about 1 km to the north of Stone Creek may no longer have been the outlet for Stone
Creek land drainage.
4.5

4.5.1

EFFECTS OF THE PROPOSED COMPENSATION SITE

The effects of the proposed Compensation Site on the hydrodynamics and
geomorphology of the Cherry Cobb Sands foreshore are discussed in the modelling
reports, Annexes 32.4 and 32.6.
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