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Abstract
Debate about the environmental consequences of a Severn tidal barrage frequently concentrates on the loss of bird habitat and the application of European wildlife legislation.  This deflects the attention from what is probably is likely to be the most complex environmental challenge – the way the estuary will evolve as a result of reduction in tidal range and creation of a body of standing water twice daily.

In this presentation, the geomorphological implications of a tidal barrage on the Severn Estuary at the Cardiff-Weston line are explored using analogues that provide a possible model for understanding how the estuary is likely to respond.  These analogues do not offer firm indications of the likely pace of change. They do, however, provide a basis upon which to investigate the level of investment needed to secure a sound engineering solution to issues such as flood risk management and navigation which are the most important receptors of sediment re-distribution.

INTRODUCTION
As I work for England’s statutory body responsible for landscape and nature conservation it might be expected that my presentation would concentrate upon wildlife impacts and legislation. My intention, however, is to focus on a much bigger picture as the debate about impacts on wildlife is just a small part of the environmental debate and it seems to me that the most important issues relate to long-term consequences of a barrage that have much wider implications for stakeholders.  In the end, resolution of wildlife issues depends upon the level of effort to find a solution and the funds are made available. Issues relating to geomorphology are likely to be a much bigger problem: one that is by far the most important in a strategic context.

When the Severn Tidal Barrage was first evaluated in the 1980s, various schools of thought were advanced, with some suggesting that there would be positive environmental benefits and others warning of possible problems.  Since then, there has been a stream of further thought on the subject, largely using La Rance, the only tidal power station currently available as a possible model. The Annapolis Royal tidal barrage, on the Bay of Fundy in Canada, is a further alternative, but it is small and does not seem to have been well described in the published literature. In this presentation I shall explain why La Rance is not a viable model and will propose an alternative thesis based on the Eastern Schelde storm surge barrage created to prevent a repeat of the 1953 floods in southern Holland. The thinking that underpins this presentation is work by Prof. John Pethick
, commissioned under Natural England’s geomorphological advice contract.
WHAT MAKES THE EASTERN SCHELDE A VIABLE ANALOGUE?
There are several factors that make La Rance a poor analogue for considering possible changes on the Severn.  Firstly, it lies on a rocky coast and its form is largely determined by hard geology.  Thus, its overall form is unlikely to change greatly, even though localised changes in sedimentation and erosion will occur. Secondly, its sediment was mainly sandy – unlike the Severn which is a sink for fine sediments in various locations. And, thirdly, the construction of La Rance was not accompanied by detailed pre- and post construction monitoring. Analyses of changes are based very largely upon hind casting of what might have been present and not what was present.
On the Eastern Schelde, the project was accompanied by detailed pre and post development monitoring. Modelling predictions were tested and the system itself was better understood. Importantly, the estuary comprises largely soft sediments, including various sandy components and is reliant upon offshore sources for much of its sediment supply.

Neither La Rance, nor the Eastern Schelde are absolute analogues for the Severn Estuary, but the Eastern Schelde is a much closer and as such offers an insight into the impacts of creating a constriction that reduces tidal range. The fact that it is not a tidal energy barrage is not relevant because the key issues relate to the way structures change tidal propagation and sediment distribution and mobilisation.
GEOMORPHOLOGICAL MECHANISMS
If we are to properly understand what might happen as a result of a barrage we must be clear about the geomorphological principles that underpin the concept of tidal power:  i.e. a barrage is a mechanism for converting tidal energy into usable electricity.  This is achieved either by allowing water to pass through turbines on both the flood and ebb tides or solely on the ebb tides.  Both systems create constrictions in the estuary and result in a reduction in tidal propagation. Thus, some tidal energy is lost on the flood tide and this is reflected in a reduction in tidal range.  Additional energy is removed on the ebb tide as it drives the turbines.  As reducing tidal energy lowers tide heights, proponents of a barrage have also emphasised possible flood defence benefits which many communities around the Severn see as a major gain.

Removing energy from the system also means that sediment mobilisation is reduced and the water column ceases to  be the provider of sediment onto mudflats and sandflats. This too has been highlighted as a benefit because it would reduce the level of suspended sediment and consequently would allow higher levels of primary production by microscopic algae. Maybe there would be a benefit in this respect, if this mattered at a strategic level and was part of the objective of the scheme.  It does not and is not, but is the first pointer towards future problems. Mudflats and saltmarshes rely on tides to deliver fresh supplies of sediment and for the tides to deliver more during building phases than is removed during erosionary phases during storms. Once tidal energy is removed from the system, this balance is shifted and the sediment available during building phases is much reduced. At the same time, scope for erosion is increased because the barrage has to retain water, a bit like a giant reservoir, for several hours on each tide. Whilst forming a reservoir, wind energy imparted on the water behind the barrage turns it into a very effective long-term battering ram as waves hit the shore and mobilise sediment.
These basic principles are well understood and are the rationale behind rock armouring eroding coastlines.  On the other hand, where a coastline is accreting because sediment is being delivered and retained, we don’t need rock armour. Erosion is a common problem evidenced not only by rock armour and hardened sea walls but by erosion control structures in boating pools and reservoirs. Possibly one of the best examples currently available is in the Ijsselmeer in Holland where erosion control is becoming a matter of considerable concern because eroded sediments are smothering mussel beds.
By creating a barrage, we run the risk of creating a massive lake with extremely long fetches that lead to very large wind-driven waves.  These waves will break on comparatively soft surfaces which will erode over time, redistributing sediment and leading to a gradual process of widening and flattening of the bed of the estuary. Existing sand bars will flatten and their reduced profile will also allow internal waves to travel further and gain more energy, thus leading to an accelerated process of foreshore lowering and cliffing.

What is the evidence for this and how does the Eastern Schelde relate to these projections? The process of erosion described above is what has happened in the Eastern Schelde and what is continuing to happen at an accelerating pace.  Current foreshore losses are in the order of 50 ha per year-1 and are expected to increase to 100 ha year-1 (E. van Zanten pers comm.). These problems are not imagined – the Dutch are very worried and have embarked on a major action plan to resolve the problems.  They are considering major engineering programmes to reinforce sea walls and to build secondary defences offshore to try to hold mudflats in place and to intercept wave energy
. Their projections are that around 90% of the inter-tidal in the Eastern Schelde will have disappeared by 2075.
APPLYING THE THEORY TO THE SEVERN BARRAGE 
At this stage, it would be unwise to make any prediction of the timescales that would be involved in geomorphological adjustments in response to construction of a barrage.  The analogue in the Eastern Schelde differs because the reduction in tidal range is much smaller, and the storm surge barrier rarely creates an internal lake. Furthermore, there is an element of sediment export as well as sediment import on each tide.  A visit to this estuary and a boat trip across eddy lines as the system switches from ebbing to flooding tides illustrates how North Sea Waters laden with sediment continue to contribute to the overall sediment budget – floodwaters and slack waters are well delineated across eddy lines and flood waters are markedly sediment-laden (personal observations).

I am, however, inclined to believe that the headline rate of erosion in the Severn Estuary will be at a more rapid pace than in the Eastern Schelde because impoundment whilst waiting for a sufficient “head” to develop allows continual wave attack towards the upper end of the tidal prism at the same point for several hours each day.  Where sediments are unconsolidated, sediment mobilisation will be rapid and this will take suspended material into deeper water where it will be deposited. This in turn will cause slumping that will lead to block failure within more consolidated sediments.  Such block failure already occurs on the Severn where terraced saltmarshes are an almost unique feature in a UK context (it also occurs in places on the Solway Estuary). This sort of erosion pattern is clearly illustrated within the Eastern Schelde.  Here in the UK on a recent visit to the Tollesbury realignment site I noted similar failure on the inside face of a former sea wall (Figures 1 & 2) which clearly illustrates the long-term erosive power of frequent small waves (arising from a fetch of no more than 1,000 metres).  On the Severn, the fetch will be at least an order of magnitude greater in places and wave heights and energy will be accordingly greater.
WHAT DOES THIS MEAN FOR STRATEGIC PLANNING?
If erosion patterns in any way mirror those experienced on the Eastern Schelde, the long term impacts on flood defences and associated coastal infrastructure within the Severn Estuary will place an increasing burden on flood risk management budgets. I am not aware of any mechanisms that would explain why these pathways will not develop, and anecdotal evidence from Annapolis Royal (Prof Carl Amos pers. comm.)suggests the same problems have been detected there. It would therefore seem logical to take a careful look at the implications of these changes in relation to investment in flood risk management. This is particularly significant where existing defences safeguard infrastructure such as railway lines and roads. In which case any short term gains will be more than undermined by long-term costs.

Furthermore, the impacts both on inter-tidal ecology and upon navigation are likely to be much more profound than headline figures suggest.  Instead of around 15,000 ha of inter-tidal loss (in the case of the Cardiff-Weston option), we must plan for a figure closer to 20,000 ha. This is without taking account of impacts seaward of the barrage which are as yet less well understood.  Analogue data from the Eastern Schelde suggests that very similar mechanisms will also operate seaward of the barrage and that their effects could be infinitely greater than currently predicted.
This process of erosion is a fundamental part of morphological adjustment that will infill the deep channels and will create a wide basin with few undulating features above low tide levels.  An additional consequence is therefore the likely need to dredge to maintain navigation, especially to the port of Bristol.  In which case energy gains from barrage operation will be reduced by the additional energy required to maintain access to the port and of course any alternative transport routes required to shift good inland from alternative ports.
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	Photograph 1. The former sea wall surrounding the realignment site at Tollesbury in Essex showing the impact of long-term wind-driven wave attack.
	Photograph 2. Block failure on the inner face of the former sea wall at Tollesbury, Essex.




The issues highlighted here are not confined to the Severn Estuary and the analogues used work equally well in other circumstances. So, proposals for barrages on the Mersey or Wash, for example, need to pay particular attention to geomorphological evolution and its implications for coastal defences as well as wildlife. Projects with lower energy outputs will not necessarily incur any lower level of impact and the cost of erosion management needs to be carefully factored into the planning process if society is not to find that future generations have inherited costly impacts that must be addressed in conjunction with increasing demands for improved flood risk management elsewhere.

OFFSETTING THE IMPACT ON WILDLIFE?
Offsetting habitat loss in inter-tidal environments is not new.  We have been doing this for many years and there are several big port projects that have benefited from this approach
.  We know we can create bird habitat and that birds will use it. The big issue in the context of the Severn is that a very large area of inter-tidal will have to be created and to date the biggest project extends to just 400ha. Habitat loss to the Severn Barrage could be in the order of 15,000 to 20,000 ha and this presents a set of challenges that have never been attempted before.
Realignment of Wallasea Island as compensation for two port developments in the 1990s cost around £7.5m for 115 ha and using this as the basis for an extrapolated estimate for the Severn Barrage, the likely cost of offsetting measures could be in excess of £1bn. Clearly this must be a factor for consideration both on the basis of the financial cost, but also the implications for the coastline of Britain because simple 1:1 offsetting would involve perhaps 20,000 ha or 200 square kilometres!

SUMMARY
Planning for a Severn tidal barrage is a much more involved process than simply considering the possible renewable energy returns and the costs of construction of the barrage itself. There are numerous further considerations to take into account, some of which have profound implications in both the short and long-term.

Perceived barriers relating to wildlife law must not be seen as the most likely “show-stoppers”: they are one of a range of issues whose cumulative implications will have to be assessed before a decision is finally made. Project costs are likely to escalate as technical solutions are found to a plethora of problems.  The question is whether the overall project costs will really be justifiable for the actual return in renewable energy.
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