Case study: Marine aggregate dredging and coastal processes offshore Norfolk

Aggregate dredging takes place in the southern North Sea, English Channel, Bristol Channel and Irish Sea in water depths of between 10 and 40 m and at distances mainly between 5 and 45 km (3 – 25 nautical miles) from the coast.  The focus of this paper is the cluster of dredging areas off Great Yarmouth and Lowestoft, known as “the Yarmouth block.” 

The aim of this paper is to discuss the extraction of marine aggregates off Great Yarmouth to determine whether or not this is leading to the erosion of the Norfolk coastline either through beach drawdown, the interruption of sediment supply to the coast or through changes in the wave climate.  Additionally the benefits gained from marine dredged sand for a major coastal protection scheme between the Norfolk Broads villages of Happisburgh and Winterton are examined.

Geological history 

An appreciation of the origins of the marine aggregate deposits and the geological history of the seabed helps to explain the relationship between the coast and the dredging areas. 

The present UK landmass and the continental shelf (the present seabed) were dry land south of an ice sheet during the last glaciation.  In a cold, arctic type climate, the rivers such as the Thames and Norfolk Yare extended onto the continental shelf and deposited sand and gravel in their valleys.  These now submerged deposits are sources of marine aggregates and share the same origin as sands and gravels quarried in river valleys on land, being part of the same river courses.

The submerged river valley infills are classic relict deposits, having survived post- glacial sea level rise and the establishment of wholly marine conditions off the UK.  The infills remain in situ and are not related in any way to the coastal sediment regime since they are immobile beneath the seabed and are the products of different environmental conditions.  Indeed the last time they were mobile was in floods across the tundra of the southern North Sea at the height of the last Ice Age 20,000 years ago.

Effects on the seabed of dredging

Given the geological origin of the deposits dredged off Great Yarmouth, there is no link between them and the coastline.  The beaches of Norfolk, although also composed of sand and gravel, are not part of the same deposits are those extracted on the seabed some 20 km off the coast.

The question of beach drawdown and the interruption of sediment supply is addressed with reference to the regional bathymetry, as published on Admiralty charts by the Hydrographic Office (1996).  The dredging licence areas are all seaward of the nearshore sandbanks, corresponding to a relatively flat, smooth, featureless seabed 8.5 – 30 km (5-16 nautical miles) offshore in water depths of between 20 and 35 m.  This seabed is the surface of a former alluvial plain, which extended from the present Yare Valley out onto the exposed continental shelf during the last glaciation (Arthurton et al, 1994).  Inshore of the dredging areas, a series of north-south trending sandbanks and intervening deeps occurs in water depths ranging from 0 m on bank crests to over 40 m below chart datum (CD). The sandbanks are of more recent age than the sands and gravels of the Yarmouth dredging block and, having developed in the present marine environment, overlie the alluvial gravels of the ancestral River Yare.

Further appreciation of the relationship between the coast and the dredging areas is provided by drawing cross sections between them (see diagram). In each case, the dredging grounds are separated from the coast by areas of shallower waters corresponding to the banks, such as Scroby Sands and Cross Sand, and intervening deeps such as Barley Picle and Caister Road.  An approximate base to the sands of the banks and the gravels of the dredging areas is shown to highlight the contrasts in sediment thickness across the seabed.  The sand and gravel resources of the licence block are typically 2 – 5 m thick, whereas the sands of the inshore banks are commonly over 15 m thick.

The dredging areas are between 14 and 30 km (8 – 17 nautical miles) from the coast at Great Yarmouth and Sea Palling respectively.  Dredging at these distances from the coast and with this intervening seabed is not going to lead to beach drawdown, as is clear from the cross section.  Sand grains would have to travel down into the deeps and up over the sandbanks before reaching the dredging areas, an impossible prospect not least because the tidal streams, which move the sands, run north-south and not east-west between the coast and dredging grounds.

Wave transformation

Potential wave changes due to dredging are dealt with by highly conservative predictive modelling, assuming volumes and depths of extraction that greatly exceed the proposals in question coupled with assumptions of extreme wave and weather conditions.  In the water depths in the Yarmouth block, ranging between 20 and 35 m below CD, there is no possibility of significant wave changes given the relatively shallow depths of extraction below the seabed.  In addition, the inshore zone plays a role in absorbing wave energy before waves reach the coast, especially over the sandbanks where water depths are commonly less than 5 m.

Other sources of evidence

Independent studies

The above observations regarding dredging and coastal processes are independently supported by statements already made in the Southern North Sea Sediment Transport Study, commissioned by the local authorities along the east coast of England (HR Wallingford 2002).  Regarding North Norfolk the study states:

“…there appears to be a low likelihood of there being any influence from licensed dredging activities on the nearshore sediment transport regime.”

Regarding east Norfolk and Suffolk:

“Currently licensed aggregate dredging takes place in an area which is outside of the main sediment circulation patterns.”

Regarding the role of the Sizewell-Dunwich banks:

“There are no established pathways between the dredging areas offshore of Southwold and either the shoreline or the nearshore banks.”

The history of coastal erosion

The long history of extensive and natural erosion in East Anglia is well documented and is not a new problem influenced by dredging.  One of the best-known losses to coastal erosion on the east coast is the mediaeval town of Dunwich in Suffolk.  This once thriving mediaeval port is now reduced to ruins and is all but abandoned along retreating soft sand and gravel cliffs.  Weston (1994) is an excellent source of information about the lost settlements of Norfolk, cataloguing the loss of towns, villages and coastline since records began in Roman times, well before any offshore dredging!  The former villages of Eccles and Whimpwell were situated close to the present Norfolk Broads and historical records indicate that the land on which Whimpwell stood extended some two miles seawards of the present coast, see diagram of coastal evolution.

Seabed monitoring surveys by the aggregate dredging industry

The need for accurate, updated information on aggregate reserves and licence requirements for environmental monitoring means that the industry regularly surveys the seabed in the dredging areas.  As dredging takes place, water depths in the extraction site increase and these bathymetric changes are monitored relative to the pre-dredging natural condition.  Monitoring is showing that the dredged areas are not infilling with sand from either the surrounding seabed or the coastline.  This finding is not surprising given the geological origins and immobility of the dredged deposits and their natural separation from the sediments along the coastline.

Perception versus reality

Public concerns over the effects of dredging on the Norfolk coast have arisen due to perceptions of a large “hole” on the seabed into which beaches and cliffs are gradually drawn.  The sediments removed by dredging are also perceived to be part of a supply of sediment to the coast.  Their geological origins and the seabed surveys of the dredging grounds and inshore banks and deeps demonstrate that this is not the case – the reality is completely different.

The importance of marine aggregates for coastal protection

Over the past 15 years, large volumes of marine dredged sand and gravel have been used by the Environment Agency and Local Authorities to defend the coast from erosion, particularly in southern and eastern England.  Beach replenishment would not be possible without the availability of licensed reserves of marine sand and gravel.  Schemes involve a dredger loading on a licence area and then steaming to the beach, connecting to a pipeline and pumping the sand or gravel ashore where it is distributed over the beach, raising its level or increasing its extent.   In this way, several thousand cubic metres of sand and gravel can be landed along the coast each day, without the need for major inconvenience or impact inland.

The Happisburgh – Winterton scheme

The coast between the Norfolk Broads villages of Happisburgh and Winterton is low lying and much of the land immediately inshore is at or close to sea level.  Like much of the Norfolk coast, this 20 km stretch has a long history of natural erosion but an additional concern was the high risk of marine flooding, as occurred in 1953 during a storm surge, when land, property and lives were lost across eastern England, including in the Norfolk Broads inland from the village of Sea Palling.

Prior to the scheme, beach levels were low and underlying clays were locally exposed, undermining old seawalls and causing sand dune erosion.  There was a constant flood risk since high tides could rapidly overtop the low beach levels and crumbling shore defences, potentially inundating the Norfolk Broads again and again.

In the early 1990’s, a scheme was devised and funded by the Environment Agency and this included the construction of nearshore artificial reefs from boulders imported from Scandinavia as well as beach replenishment using marine dredged sand, carefully specified in terms of colour, mineral content and grain size composition.

Over 3.5 million cubic metres of sand have been supplied to the Happisburgh – Winterton scheme since 1996.  The level of the beach has been raised to reduce the risk of high tides eroding the coastal dunes and flooding inland.  The reefs are designed to reduce the severity of storm waves before they reach the coast.  The scheme also led to benefits for the local tourist industry, as the improved sandy beaches attracted visitors.  Some natural erosion of the beaches is still occurring and at regular intervals, additional sand is pumped ashore to replace losses and maintain the high standard of sea defences.
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The coast at Sea Palling showing artificial reefs and imported marine aggregate on the landward side (details in text).

Concluding remarks

Evidence gathered from regional studies of offshore sediment transport and geological evolution off Great Yarmouth demonstrates that aggregate dredging is not contributing to the erosion of the Norfolk coastline.  The well documented loss of land and villages since Roman times shows that erosion is a natural process that has taken place since well before dredging began.  Whilst there remain some public perceptions that dredging is causing or accelerating erosion, these are not supported by the results of many detailed studies into dredging off Norfolk.  Offshore dredging can be a solution to coastal erosion, as in NE Norfolk where millions of cubic metres of marine sand have been used to defend a low lying and vulnerable coastline from flooding by the sea.
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