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Mixed beaches are defined, for the purposes of this project, as coarse grained beaches that include sediment sizes ranging over three orders of magnitude from fine sand (100(m), through gravels (2mm-64mm) right up to small boulders (>256mm).  These sediments cannot be acceptably defined by a single size parameter for the purposes of predictive modelling.  Beaches of this type are common around the UK, and many other parts of the world.  This report covers one step within a programme of research aimed at:

· improving our understanding of mixed sediments, the important transport processes and the differences with respect to homogeneous beaches

· developing predictive tools that will allow for better beach management

· disseminating information and guidance to UK shoreline managers.

To date the project has:

· established the existing state of knowledge based on an extensive literature review and discussions with researchers involved with complementary programmes

· reviewed existing numerical and physical modelling methods to establish their limitations and to establish the most promising approaches to developing improved techniques

· defined in outline the laboratory experiments and field monitoring required to improve process understanding and to verify anticipated model developments.

The research approach that has been established for this project, and that will be carried forward to the follow-up three year programme, is three pronged.  First, an internal HR Wallingford steering group of beach management consultants and researchers has been set up to guide the project and liaise with external researchers and end users.  Second, numerical modellers working on the ANEMONE model suite have established the possibilities and constraints of numerical model developments within the available project durations and have defined the process information required to make significant progress.  And thirdly, a relationship has been established with Prof. Holmes of Imperial College, whereby the research resources of each group can complement each other to substantially improve the existing understanding of mixed beach processes.  Based on the successful work completed this year the mixed beach project can move confidentially forward into the main three year programme.
Scientific report (maximum 20 sides A4)
To tab in this section press the tab key and the Control key together
Press the DOWN arrow once to move to the next question.

1. Introduction

1.1 Background

The importance of complex sediment distributions within predictive beach modelling for shoreline management has been increasingly recognised over the past decade.  Several research projects have been undertaken in the UK and abroad to address the understanding of processes and their numerical description.  MAFF have previously funded a preliminary scoping study to review the state of knowledge and to define in outline a programme of applied research that would lead to a significant improvement in predictive modelling – this work is published as HR Wallingford Report TR 56 (Coates and Mason, 1998).  As a result of that work a further one year study was commissioned to establish end user requirements, review ongoing research and to define further field monitoring, physical modelling and numerical developments required to reach the objective.  This report presents the findings of this study and forms the foundation of the continuation three year Mixed Beach programme.

1.2 Report outline

Following this brief introduction Chapter 2 sets out a working definition of mixed beaches, indicates their importance to UK shoreline management and sets out the user requirements of coastal authorities and consultants who are responsible for effective beach management.  Chapter 3 reviews the important processes that differentiates a mixed beach from sand or homogeneous gravel.  Existing numerical models and their limitations are discussed in Chapter 4, while Chapter 5 reviews the research that is already underway and sets out the further work required to achieve the objectives.  Full references are included. 

2. Mixed beaches in the UK

Mixed beaches are defined, for the purposes of this project, as coarse grained beaches that include sediment sizes ranging over three orders of magnitude from fine sand (100(m), through gravels (2mm-64mm) right up to small boulders (>256mm).  These sediments cannot be acceptably defined by a single size parameter for the purposes of predictive modelling.  Beaches of this type are common around the UK, and many other parts of the world.  Beaches of this type are found through out the world, and form a significant proportion of the UK coast line.

Sediment distributions may vary across the beach profile, along the shore and with depth below the beach face.  They may also vary over time.  Different distributions will have different transport characteristics, and will respond differently to wave conditions.  As shoreline managers need to understand and confidently predict beach response to storms and post-storm recovery it is important that the transport processes are understood and described by numerical models.

Review of research to date confirms that the main processes that differentiate mixed beaches from sand or homogeneous gravel are:

· flow within the beach above the still water line, which is strongly linked to permeability both at the surface and with depth through the beach

· threshold of motion of surface material, which is linked to the interactions between coarse and fine grained material and fine grained material and to beach face permeability in the swash zone.

Other visible processes such as wave run-up, overwashing, reflections and profile change, or less obvious processes such as pore water pressure variation and air entrapment, are linked to the two main processes and must be considered.

Around the UK beaches take several general forms.  Sand beaches cover long lengths of the coast, particularly in the north east, and mud flats are found within and around estuaries.  The remaining beaches comprise combinations of sand and gravel, including those commonly referred to as shingle (within this project the term shingle is avoided as it is poorly defined and often used subjectively).  These can range from predominantly sand, with small proportions of visible gravel along the upper beach, through sand platforms with a distinct sandy gravel (shingle) upper beach ridge to predominantly gravel (or cobble) barrier beaches extending to the low water mark or beyond.

Figures 1.1 –1.3 illustrate the distribution of beach types around England and Wales.  In preparing these figures it became apparent that categorising beaches with both sand and gravel components was very subjective, as even the best known gravel ridge beaches had a ‘mixed’ zone at their toe (often seasonally more apparent) or were known to have high proportions of sand below the surface layer.  It is perhaps more sensible to consider all ‘shingle’ ridge and mixed beaches as elements of a continuous spectrum in which the sediment type should not be defined by a single size parameter.  On this basis the research undertaken in the Mixed Beach programme will be relevant to the management of over one third of the beaches of England and Wales, and almost all of the beaches along the heavily populated south coast.

Beach managers need to be able to predict, with reasonable confidence, the response of natural and recharged beaches to storms, their recovery after storms and their future evolution over periods ranging from months to decades.  A review of existing prediction methods (numerical models, physical models or empirical) indicates that coastal process consultants are relatively confident of long shore beach evolution predictions, assuming that any beach control structures are simple groynes or shore connected breakwaters.  Confidence is derived from the ability to calibrate predictions against long term field monitoring (aerial photographs, OS maps, beach profiles).  Confidence is also relatively high for prediction of cross-shore response during storms for beaches comprising of single sediment types (sand or homogeneous gravel).

Experienced consultants are much less confident when considering beach response to complex control of structures) under either long or short term conditions, and when considering short term, cross-shore response of mixed sediment beaches.  In order that the Mixed Beach programme could have a defined focus, the research has been confined to cross-shore response.  Success in this will provide a useful building block for improving prediction of total beach response in the presence of complex control structures.  More immediately, success will provide shoreline managers with a method of predicting potential storm response and recovery, and therefore an ability to design nourishment schemes and plan other management operations with greater confidence.  This will be an important step in optimising expenditure on shoreline management, and providing greater security to those at risk from flooding or erosion.
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Figure 1.1
Distribution of foreshore types: south east England
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Figure 1.2
Distribution of foreshore types: Wales and south west England
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Figure 1.3
Distribution of foreshore types: north west and north east England

3. Processes in Mixed Beaches

3.1 Hydraulic properties of the sediment

A description of the main hydraulic properties of sediment that have an influence on mixed beaches processes is given herein.  Existing research is often contradictory or uncertain, and areas requiring further research are highlighted.

Porosity and specific yield

According to groundwater researchers (e.g. Driscoll, 1985) the storage function (ability to store water) is one of the main properties of an aquifer. This also applies to coastal aquifers, as during swash flow the beach sediment behaves like a confined aquifer (Baird et al., 1998). The storage function is related to the porosity and the specific yield.

The porosity of a water-bearing formation, such as a beach, is determined by the proportion of void space to solids. Porosity is an index of how much groundwater can be stored in a saturated medium and is usually expressed as a percentage of the bulk volume (total volume of sediment and voids) of the material:
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Porosity is similar for different size materials (i.e. sand or gravel) assuming that sediment size is uniform.  Porosity is much reduced for mixed materials as pore spaces between large grains become filled by the finer grains.

Although the volume contained in a particular segment of coastal aquifer is of interest, of more concern is how much water can be actually released from storage per unit area, per unit change in head. Whereas porosity represents the volume of water that can be held, it does not indicate how much water the aquifer will yield.

When water is drained from a saturated material under the force of gravity, the material releases only part of the total volume stored in its pores. The quantity of water that a unit volume of unconfined aquifer gives up by gravity is called specific yield. This is related to surface tension so the coarser the sediment is, the greater the specific yield will be compared to porosity. 

Hydraulic Conductivity and Intrinsic Permeability

The property of a water-bearing formation that relates to its ability to allow transmission of water is called hydraulic conductivity, K. The intrinsic permeability, k (non-dimensional) is defined, as the ease with which any fluid moves through a formation, and is a function of the medium alone.  k can be expressed as:
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where:

K
:
hydraulic conductivity (LT-1)

ρ
:
fluid density (ML-3)

μ
:
dynamic viscosity (ML-1T-1).

It is known that k decreases with void ratio, e (defined as volume of voids by volume of solids for partially saturated soils and as volume of water by volume of solids for fully saturated soils).

Hydraulic conductivity is governed by

· size and shape of the pores

· effectiveness of the interconnection between pores

· physical properties of the fluid.

In reasonably coarse sediment, the connecting tubes are large relative to the pores and the hydraulic conductivity will be high.  Conductivity should not be confused with porosity (percentage of bulk volume of rock that is occupied by interstices, whether isolated or connected).

Several coastal researchers agree on the importance of the hydraulic conductivity in coarse grained beaches, which could extrapolate to mixed beaches. Holmes et al., 1996 carried out some laboratory experiments with fine sand (0.5mm), coarse sand (1.5mm) and bimodal (50:50 mix) beaches under random waves in order to study the principal factors in the evolution of the bed. The profile evolution of bimodal beaches was found to be similar to that of fine sands (as found by Quick and Dyksterhuis, 1994), although considerable sorting was observed. They found that the permeability was largely controlled by the finest 10% of sediment within the mix (as Hazen, 1992) and concluded (in agreement with Quick and Dyksterhuis, 1994) that the hydraulic conductivity is the dominant controlling factor.

Saturation

The degree of saturation is defined as the ratio of water volume to the volume of voids. It depends on the moisture content (ratio of mass of water to mass of solids) and specific gravity (ratio of solids density to water density) of the fluid-solid mixture. 

Turner and Nielsen, 1997 field measurements showed that counter to previous suggestions in the literature (Hegge and Masselink, 1991) saturation characteristics of the bed do not vary at incident or infra-gravity wave frequencies. This would need further investigation. 

Air entrapment

An important consideration in beach groundwater studies is the role of air entrapment during the wetting of the beach sand. Air encapsulation has been found to occur during infiltration and under conditions of rapid water table rise, and is now thought to have significant effects on the hydraulic and storage properties of soils (Baird et al., 1998). 

Box 3.1 summarises some of the concepts that are important in the understanding of mixed beach processes.

3.2 Incipient motion

Shields diagram (Shields, 1936) is widely used to determine the critical shear stress for the initial motion of cohesionless sediment particles of uniform size under a uni-directional flow over a horizontal bed.  The limitations imposed by Shield (1936) have been overcome by other researchers:

· For non-horizontal slopes the method for correction of the critical shear stress is summarised in Soulsby (1997), which includes a review of Dyer (1986), Whitehouse & Hardistry (1988) and Evans & Hardisty (1989).

· Parker et al., 1982, Wilcock, 1992, and Kuhnle, 1994, have investigated the influence of non-uniform sediments on the threshold of motion. Regarding threshold of motion in mixed beaches, there is some contradiction in the role of the different processes involved and the consideration of the stability of the sediment as a whole. Kuhnle, 1994, concluded from his laboratory work for bimodal beaches (sand and gravel) that the critical shear stress of both sand and shingle fractions of the bimodal samples increased as the percentage of gravel increased. 

· Martin and Aral, 1971, Oldenziel and Brink, 1974 and Cheng and Chiew, 2000 have investigated the influence of vertical seepage on the incipient sediment motion. Oldenziel and Brink, 1974 and Baldock and Holmes,1998, suggested that the Shields parameter should be modified in view of the fact that the submerged weight force of bed particles was reduced by an upward seepage. Nielsen 1992 proposed a modified Shields parameter that includes the effects of swash infiltration-exfiltration. Cheng and Chiew, 2000 concluded that the critical shear stress required for a particle to move over the porous bed will decrease in the presence of an upward seepage, which was also confirmed by the experimental data they presented.

Existing research does not provide a complete picture, highlighting the necessity of some well prepared laboratory experiments to understand all the processes involved in the threshold of motion for mixed sediments.

3.3 Seepage

There are conflicting results to date regarding the stability of sediment particles under the influence of pressure gradients within the sediment bed (both under steady and oscillatory flows). Bores propagating on a slope induce both vertical and horizontal pressure gradients, so that suction is observed under wave crests whereas an injection is shown under wave troughs.

Seepage has an influence on: 

· Threshold of motion (see above) 

· Motion of particles: Baldock and Holmes, 1998, showed theoretically and experimentally that the effect of vertical seepage on a sediment particle rolling over the surface of the bed will be minimal. The reason is that once the sediment particle lifts out of the bed matrix, the seepage force no longer applies and the fall velocity of the particle will dominate.

· Effective strength of bed as a whole: Various authors agree that upwards seepage or injection reduces the bed stability whereas downwards seepage or suction increases it, potentially inducing significant changes in the net transport rate of the bed material. Baldock and Holmes, 1998 observed experimentally large changes in the net sediment transport rate under the presence of waves, but not under the presence of currents.

· Boundary layer: Waters and Rao, 1971, give a comprehensive qualitative explanation of the effects of seepage on bed particles on an open channel flow, concluding that suction reduces the thickness of the channel boundary layer, whereas injection increases it. Conley and Inman, 1992, concluded from laboratory experiments that boundary suction causes flow streamlines to be pulled toward the bed, leading to higher velocities near the bed, whereas injection leads to streamline spreading and reduced near-bed velocities. This effect results in a mean near-bed flow with sign opposite to that of the injection parameter. They also concluded that during suction the turbulence levels are enhanced vertically, as the boundary ventilation leads to a strong asymmetry in flow turbulence. 

· Sediment transport: Turner and Masselink, 1998, found that the infiltration/exfiltration in the swash zone can increase the sediment transport rate by up to 40% of the peak transport rate during upwash and decrease it by 10% during the backwash. 

· Kang and Nielsen, 1996 addressed the run-up infiltration as a contribution to significant lifting of the water table. 

Box 3.1
Concepts and definitions
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(Figure modified from Turner and Nielsen, 1997)

Definitions 

Phreatic surface or ‘water table’: surface where pore-pressures are equal to atmospheric pressure. Below this, pore-pressures are greater than atmospheric, and excluding trapped air pockets, inter-granular voids are saturated

Vadose zone: moist region above the phreatic surface. Pore pressures may be less than atmospheric due to capillarity, and saturation characteristics are variable

Capillary fringe: region immediately above the phreatic surface that is completely saturated. The difference between this region and the saturated region below the water table is that here the pressures are negative. 

Pore pressure (or neutral pressure): Pressure in the water in the void spaces or pores, which exist between and around the mineral grains. Only gravitational forces act on the pore water so the pressure within is given by uw=ρghw=γwhw

It does not have any influence on the void ratio or other mechanical property of soil (such as shearing resistance). It acts in the water and in the soil in every direction with equal intensity (It is said to be zero if it is equal to the atmospheric press)
Effective stress: Applies only to fully saturated flows. It equates the total stress (external to the soil) to the stresses within the two component of the soil:

· Mineral grain structure (effective stress)

· Water in pores (pore water pressure)

It is a measure of the stress existing within the mineral grain structure. It represents an excess over the neutral stress u and has its seat exclusively in the solid phase of soil. A change in effective stress could mean a change in compression, distortion and shearing resistance.

Groundwater

Little work has been done in the role of beach groundwater in sediment transport: in sand beaches Baird et al., 1996, presented a review, whereas in coarse grained beaches only two authors have addressed the problem: Nicholls, 1985 and Mason, 1997. Groundwater behaviour on these beaches is complicated because of the presence of interstitial sand, which can markedly reduce the hydraulic conductivity of the bulk sediment (Mason, 1997).

In order to incorporate the infiltration/exfiltration in the description of swash sediment transport it is necessary to clarify the groundwater dynamics within the beach face. The dynamics of the beach water table are controlled by the properties of the beach sediment and the changes in the hydraulic gradient induced by tidal and wave activity.  It is important to consider:

· ratio of hydraulic conductivity and specific yield (depend on the mean grain sizes and sorting characteristics)

· intertidal slope 

· air entrapment.

The position of the water table can affect swash zone dynamics. In coarser sand deposits, the water table will also provide a reasonable indication of the potential for infiltration since the capillary fringe is likely to be small and the specific yield or drainable porosity easily determined.

3.4 Pressure propagation through the sediment

When water waves propagate over a porous bed, fluid flow is induced in the porous medium and the porous medium itself is forced to deform. Under swash, pressure propagation will occur in 3 dimensions and will involve contraction and expansion of the porous bed. Thus, the bed response to water waves is actually a combination of fluid and solid mechanical effects. Yamamoto et al., 1978, obtained analytically the exact closed-form solutions for pore-water pressure, displacements and effective stresses in the elastic porous bed induced by water waves, based on the work of Biot, 1941. They also found a good agreement between the theory and the laboratory experiments obtained. The theoretical results indicate that the bed response is strongly influenced by:

· permeability

· stiffness of porous medium

· compressibility of the pore fluid.

This general solution complies with some earlier solutions by various authors as the limiting cases of the present solution:

· When stiffness of porous medium is less than that of pore fluid as in saturated soft soils, the bed response is independent of permeability and has no phase lag. Pressure response approaches the solution of Laplace equation (assumptions: rigid bed and incompressible pore fluid) given by Putnam, 1949.

Let Φ be the hydraulic head so that 
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where x is the cross-shore direction and z is the depth

· When stiffness of porous medium is greater than that of pore fluid as for partially saturated dense sands, the pressure attenuates rapidly and the phase lag increases linearly with distance from the bed surface is increased. The stresses in the porous medium attenuate slowly for this case. Pressure response approaches the solution of the heat conduction equation (assumptions: rigid bed and compressible pore fluid) given by Nakamura et al., 1973 and Moshagen and Torum, 1975.

As a first approximation in modelling pressures in the bed under swash, a 1d parabolic or diffusion equation can be used:
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where:

K
:
hydraulic conductivity (LT-1)

γ
:
specific weight of the water (FL-3)

p
:
fluid pressure (FL-2)

mv
:
compressibility of sediment (L2F-1)

mw
:
compressibility of water (L2F-1)

t
:
time (T)

z
:
vertical co-ordinate from bottom to top of the sediment bed (L)

(Note that  γ(mv+nmw) is what is called specific storage in hydrogeology)

A full numerical solution to this problem has not been presented yet, as far as we are aware, being necessary to review literature in thermo-elastic models, as the governing equations are the same. 

3.5 Fluidisation

When a swash runs over a saturated beach there will be a relative increase in pore pressure below the beach surface. The pressure gradients induced, both vertical (due to percolation) and horizontal (due to set-up and run-up), provide cyclic loading of the bed (Li and Barry, 2000), and depending on their spatial distributions they may locally reduce the effective strength of the bed. If the upward seepage force is larger than the buoyant weight of the grains, so that the effective stresses become zero, fluidisation of the bed may occur (several authors, eg. Packwood and Peregrine, 1980, agree that the pressure release associated with backwash could induce fluidisation of the beach surface). 

According to Packwood and Peregrine, 1980, for many sands and fine gravels, fluidisation would take place when the upward-acting dynamic pressure gradient is greater than about 0.6-0.7 (expressed in head units, thus dimensionless). The importance of the seepage force during the uprush and backwash is different, requiring further field or lab investigation because of its importance (downward seepage increases the effective stress, increasing the stability of the sediment). 

Further investigation, both theoretical and from field and laboratory experiments is required to understand acting pressure gradients within the bed and the possibility of inducing fluidisation.

Fluidisation velocities for sand

The minimum vertical pressure gradient has to be in balance with the weights of the grains to achieve fluidisation. Soulsby, 1997, indicates the corresponding minimum fluidisation velocity, w, of upward flowing grains to achieve fluidisation as a function of porosity and non-dimensional grain size. Wen and Yu, 1966, give a similar relationship only dependent on the non-dimensional grain size. Turner and Nielsen, 1997 give a critical vertical velocity to achieve fluidisation dependant on the hydraulic conductivity and specific gravity. In order to have an idea of the values of the vertical velocities required to cause fluidisation of the bed, a comparison of the different criteria is presented in Figure 3.1 (using Engelund formula with α=1000 to calculate the K).


Figure 3.1
Comparison of fluidisation velocity criteria

3.6 Importance of capillary fringe

Turner and Nielsen, 1997, presented field measurements of rapid pore-water pressure fluctuations within the beach beneath the surf zone. These measurements highlighted the importance of the capillary effects in groundwater response at the time-scale of single-wave runup. The existence of a zone of saturated sand (capillary fringe) above the water table results in the observed phenomenon of rapid and large fluctuations of the phreatic surface. They proposed that rather than fast water table rise causing rapid (and hence bed fluidising) upwards vertical flow, it is minute downwards infiltration of a portion of the swash lens.

There are differing views of the role of pressures within the bed when swash propagates through it.  To fully understand the pressure propagation in mixed beaches and the potential for fluidisation of the bed will require:

· laboratory experiments with dynamic permeameter

· field measurements (discussed below)

· review of thermo-elastic theory. 

Some other unknowns are the role of the sediment characteristics and beach geometry on the frequency response of the beach water table and the relationship between beach groundwater and sediment sorting processes.

4. Existing numerical models

4.1 Hydrodynamic modelling

We believe that the modelling of the free water surface propagating over the beach slope is completed as far as this study requires, subject to minor improvements and validation. The focus of the modelling should therefore concentrate on the groundwater behaviour and the coupling of free and groundwater models.  This last point is of extreme importance because the flow movement above and below the beach is in nature a coupled problem to the fluid and sediment motions and should be treated as one complex problem.

4.2 Numerical modelling of water table behaviour 

When under swash, the beach sediment behaves as a confined aquifer. The sediment is saturated and movement of water into the beach is extremely limited since changes in porosity due to expansion and contraction of the mineral skeleton will be minimal.

Two types of models have been developed recently and are presented here for the groundwater dynamics of coastal aquifers: Boussineq 1d-type models (supposedly valid only for shallow aquifers where the assumption of negligible vertical flow holds) and a Laplace-type model. A comparison of these models is being made at the moment against a field set of data at Canford Cliffs (Poole Bay), the outcomes being available in due course (Dr Diane Horn, personal communication). It would be very interesting to do such a comparison with a set of field data from a mixed beach, in order to see their capabilities.

1.
Boussinesq model

Kang and Nielsen, 1996, and Baird et al., 1998, have developed numerical models for watertable behaviour under the influence of tides and waves. 

Considering an homogeneous sand body, with specific yield s and hydraulic conductivity K overlying a horizontal impermeable stratum at depth D, under the Dupuit-Forchheimer
 assumption, the local height h of the watertable above the impermeable layer obeys the Boussinesq equation:
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so that the governing equation for the groundwater surface level h(x,t+δt) is obtained from Taylor series expansion about the node h(x,t). 

In order to get the solution for the most seaward and landward cells, two boundary conditions are needed: one concerning the water table exit point (one of the main points being the decoupling between the water table and the run-up limit) and the other a reflecting, no flux landward boundary. 

Some of the improvements identified by Baird et al., 1998 are: 

· using the shoreline as a boundary condition 

· varying hydraulic conductivity, K shore normally (as the compactness of beach sand may vary in the shore normal direction)

· varying aquifer depth, D, in the different cells. 

Advantages of the model

· Simple equation, easy to implement. 

Disadvantages of the model

· 1-d process, which does not always comply with natural processes. 

2.
Laplace-type model

Li and Barry, 2000, (following the approximation of Nielsen et al., 1997) derive a groundwater wave equation with capillary effects included. The free surface is modelled by non linear shallow water equations and the groundwater by Laplace equation (2D model so that assumes that alongshore variations are negligible, which would be applicable at most beaches where the oblique angle of approaching waves is small due to wave refraction).

Again three boundary conditions are needed: constant landward head, impermeable boundary at the base and, at the beach face, a complicated one that depends on whether the exit point and shoreline are at the same position or not.

Advantages of the model

· More realistic, due to the 2-d description of the flow. 

Disadvantages of the model

· In order to comply with Laplace equation, one of the assumptions is that the flow is irrotational. This implies that the flow is laminar, which is not always true for groundwater flow in beaches but the size of the turbulent fluctuations are very restricted.

Further investigation into this type of modelling will be done in order to see its applicability to the modelling of mixed beaches.

4.3 ANEMONE suite developments and validation

Some recent developments have been carried since the completion of the MAFF funded development of OTTP-1d within the ANEMONE programme (Peet, Dodd and Coates, 1999):

· Improvements in the infiltration/exfiltration capabilities of the model and further development of the modification of the hydrodynamic description to account for permeable beaches

· Implementation of Fredsoe, 1984 formulation to calculate the bed shear stress, instead of just using a friction coefficient in order to incorporate the sediment transport capacity (ongoing)

The plan for the future is:

· Once the mentioned steps have been finished, the next one will be to implement the bed updating. 

· Validation of OTTP-1d model with field and laboratory data

· Investigation of the capabilities of OTTP to model mixed beaches, according to the processes involved (importance according to the findings from the experimental tests). Investigation on difference of velocity fields, wave propagation and run-up above permeable/non-permeable beds. 

5. Laboratory and field work – existing and proposed

5.1 Laboratory work in the last years

1.
UNIVERSITY OF BRISTOL 

· Effects of the porous material on run-up (Patterson et al., 2000). During 1999-2000 they have carried out some laboratory experiments in order to study the flow regime in a gravel beach. Different periods and beach thickness have been analysed in order to investigate the shape of the water front, the amount of water movement within the beach and run-up / run-down of the water above the porous layer, as well as draining of water from the beach face. Results will be presented within the ICCE Coastal Engineering 2000 Conference.

· Mixed sediment beach processes. (Loveless and Fox, 2000). A series of experiments at a length scale of 1:20 have been carried out during last year in the wave flume at the University of Bristol in order to investigate the important factors of sediment transport in mixed beaches. Some of the factors mentioned as important are the hydraulic gradient, pressure gradients and potential fluidisation. Results will be presented within the ICCE Coastal Engineering 2000 Conference.

2.
UNIVERSITY OF BRIGHTON
· Settling velocity measurement were extended to include tests in currents and waves; particle sizes ranging from 0.8 mm to 30 mm.  A new equation was developed allowing fall velocity to be calculated for any given sediment diameter.

· Threshold of motion measurements (1:50 scale) are not yet completed and they are thinking of carrying out some large scale (in a large flume) experiments in relation to wave breaking and the threshold of motion of gravel.

Results will be presented within several international conferences during the year.
5.2 Recent field work

1.
IMPERIAL COLLEGE

Over the two last years, IC have been carrying out full scale experiments on sand and gravel beaches. The first two deployments were at Canford Cliffs beach (Blewett, Holmes and Horn, 2000). During September 1999 they carried out a pilot experiment in Seaford in order to prepare the deployment carried out in March 2000. During this deployment, they implemented a horizontal array of pressure transducers on the swash zone in order to get the cross-shore variation of water depth as the wave propagates. Some vertical arrays of pressure transducers were buried to get a feeling of the vertical pressure gradients. Two Acoustic Doppler Velocimeters were also placed in order to get velocity measurements within the swash zone. Two pilot tests were also carried out: sediment transport tracers and a device to measure bed levels. This deployment would contribute with a very important set of data for mixed beaches that could be used to validate existent swash models. Next deployment sites have not been specified yet.
2.
UNIVERSITY OF BRIGHTON

Some contacts have been made with Imperial College to try to carry out (both U of Southampton and U. Brighton) parallel field experiments with their existing programme to maximise the number of simultaneous measurements of beach processes.  Southampton is particularly interested in bed roughness effects (including pressure gradients through the beach) whereas U. Brighton would be particularly interested in the development and deployment of a beach level gauge for monitoring the depth of disturbance throughout a tidal cycling at moderate resolution.

3.
COAST 3D PROJECT

The MAST COAST 3D project included an experiment at Teignmouth, which was carried out from 18 October 1999 to 26 November 1999.  The field measurements were purpose-designed for numerical model evaluation, with adequate boundary conditions and a dense horizontal array of measurement points, in conditions typical of the European coastline. The main emphasis of COAST 3D is on sand transport and morphodynamics, not on hydrodynamics or mixed sediments.

The Teignmouth site is composed of fine sand offshore (covering more than 90% of the area studied) with a mixture of sand, stones and gravels on the steep beach face and estuary mouth. The numerical modelling team used a single grain size as input to their different models. HR Wallingford used the PISCES area model in order to study the site. One set of their results showed unrealistic high rates of erosion in the mouth of the estuary for Spring tide and along the beach face for a Neap tide storm. The reason they found was that they used the single size value of the offshore sand whereas actual grain sizes were bigger in those zones.  Similar conclusions were drawn from the different institutions involved in the modelling, supporting the need for a mixed sediment approach to predictive modelling (Dr James Sutherland, personal communication).

4.
COLLABORATIVE SHINGLE BEACH PROJECT, MAFF

Two major field programmes were completed in 1996 and 1997, resulting in an extensive data base of information applicable to mixed beaches (Coates et al., 1999).

5.3 Proposed experimental work

Simple Process Experiments

1.
Permeameter tests

Some experiments using a permeameter have been planned in conjunction with Imperial College in order to study the pressure propagation within beach mixtures. There is a strong necessity for this type of tests in order to understand what happens to the pressure and water content in partially/fully saturated beds formed with sand, shingle and mixed sediments. Important questions regarding the velocity of propagation of the pressure or the possible phase lag need to be answered in order to be able to model mixed sediment behaviour.

2.
Flume experiments

In order to have results to further develop and validate the swash numerical model, the following experiments would be desirable:

· boundary layer experiments

· threshold of motion experiments (with and without exfiltration through the bed).

These experiments would be conducted for two different conditions: under a steady current and under waves. Different sediment mixtures, angle of slope and flow conditions would be tested. Observations and monitoring would be carried out in order to determine the threshold of motion of different sediment configurations under the different conditions and to measure pore pressures within the sediment.

An exhaustive review of the experimental data available is being conducted in order to design the experiments effectively. Some experiments on incipient of motion have been done to date using unidirectional currents, sinusoidal waves or random waves. A necessity is found to do the experiments under bores, which is more realistic (bores will be created using a wave paddle generating short period waves that build themselves into plunging). This should be further investigated. Imperial College have undertaken some seepage experiments (Baldock and Holmes, 1998).

Large-scale experiments

Investigating the processes across a complete beach requires a large scale wave flume. The most appropriate facility to conduct these experiments is the GWK at Hannover. An application has been made to use this facility under the EU TMR programme.

The experiments will be 1:1 scale, with the main advantage being that there will no sediment scaling influences. This will allow the focus to be on the processes involved in the behaviour of mixed beaches. The final design of the tests will depend on the outcomes from the simple process and field experiments, and will involve measurements of velocity, threshold of motion, seepage and pressure propagation as well as sediment transport for a range of beach sediment types.

5.4 Proposed field work

It is desirable that combined fieldwork is carried out to measure the hydrodynamics, the groundwater behaviour and the sediment transport of mixed beaches.  Baird et al., 1996, show an idealised field monitoring programme to study low and high frequency changes in groundwater behaviour. Compiling their suggestions together with Turner, 1998, and considering also hydrodynamics and sediment transport field measurement, the ideal programme to study the behaviour of mixed beaches will include:

· Offshore, intermediate and shore-normal transect of pressure transducers along the swash zone to measure waves and water depths

· Horizontal array of transducer dipwells to measure water table fluctuations

· Vertical piezometer arrays along the middle-upper part of the swash zone to measure pore water pressures and vertical pressure gradients. The advantage of piezometers over pressure transducers in this case is that they can also measure negative pore pressures, indicating the potential for infiltration.

· Acoustic Doppler Velocimeters (ADV) to measure flow velocities

· Video-cameras to monitor swash run-up, and the seepage face

· Cross-shore surveying of the beach before and after logging (at low tides)

· Sediment tracers and sediment samples.

Apart from increasing our understanding of the different processes involved, the measurements will form a very good set of data to validate the different numerical models available for the hydrodynamics and groundwater behaviour of the swash zones. At the moment most of the models remain without a complete validation due to the lack of suitable field measurements.
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� DF Assumption: In a system of gravity flow towards a shallow sink when the flow is approximately horizontal, the lines of equal hydraulic potential are vertical, and the gradient of hydraulic potential is given by the slope of the watertable. Using DF theory, two-dimensional flow to a sink can be approximated as 1d flow, and the resulting differential equation is more easily integrated. In beaches which are underlain by relatively impermeable solid rock or clay deposits it is likely that DF theory would provide an adequate description of groundwater flow.
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