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Section 1 : Identification sheet



1.
(a)
MAFF Project Code
FD 0204





(b)
Project Title
Numerical modelling of non-linear surf zone processes







(c)
MAFF Project Officer
Mr John Goudie




(d)
Name and address
of contractor
HR Wallingford Group Ltd
Howbery Park
Wallingford
Oxon
Postcode
OX10 8BA




(e)
Contractor’s Project Officer
Dr S W Huntington





(f)
Project start date
01/04/1994

Project end date
31/03/1999




(g)
Final year costs:
approved expenditure

£95,000




actual expenditure
Project end date
£95,000




(h)
Total project costs / total staff input:
approved project expenditure

£365,000




actual project expenditure
Project end date
£368,516




*approved staff input






*actual staff input






(i)
Date report sent to MAFF
30/04/1999





(j)
Is there any Intellectual Property arising from this project (enter YES or NO) ?
NO





*staff years of direct science effort



Section 2 : Scientific objectives / Milestones

2.
Please list the scientific objectives as set out in CSG 7 (ROAME B). If necessary these can be expressed in an abbreviated form. Indicate where amendments have been agreed with the MAFF Project Officer, giving the date of amendment. You may enter a maximum of 12 lines in this box. Press the DOWN arrow twice to move to the next question.

To develop numerical models of nonlinear surf zone processes including wave breaking, the transfer of energy amongst primary wave components and to their harmonies and low-frequency waves.  These models will be used to further understanding of the processes involved in and to improve predictions of surf zone hydrodynamics and, ultimately, sediment transport.

3.
List the primary milestones for the final year.


It is the responsibility of the contractor to check fully that ALL primary milestones have been met and to provide a detailed explanation if this has not proved possible

Milestones
Target

date
Milestones met?

(enter YES or NO) 

Number
Title

in full
on time


1
Complete development and validation of 1d overtopping model of permeable structures (OTTP-1d); provide Technical Report for MAFF

31/03/1999

YES
YES


2
Complete development and validation of 2d overtopping model (OTT-2d) with adaptive gridding; provide TR Report to MAFF and release model

31/03/1999

YES
YES


3
Complete development and validation of 2d surf beat model (LFW-2d) with adaptive gridding; provide TR Report to MAFF and release model

31/03/1999

YES
YES


4
Complete development and validation of 2d nonlinear wave transformation model (OTTO-2d); provide Technical Report for MAFF

31/03/1999

NO
NO


5
Delivery of 2d programs including adaptive gridding.  Informal overall report on completion of the project describing the models

31/03/1999

YES
YES


If any milestones have not been met in the final year,
an explanation should be included in Section 5. 

Section 3 : Declaration

4.
I declare that the information I have given in this report is correct to the best of my knowledge and belief. I understand that the information contained in this form may be held on a computer system. 




Signature


Date
30/04/1999




Name
Dr Nick Dodd





Position in Organistation
Senior Mathematician
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Section 4 : Executive summary



You may enter a maximum of 58 lines of text in this box. Press the DOWN arrow twice to move on.

The aim of the project was to develop a suite of numerical models (the ANEMONE suite—ANEMONE stands for Advanced Nonlinear Engineering MOdels for the Nearshore Environment) to simulate nearshore hydrodynamics. These models would provide better predictions of important engineering quantities than are available via less sophisticated methods. Ultimately, they are expected to feed through into providing better sediment transport predictions.

Overtopping and run-up

ANEMONE models provide predictions of wave run-up and overtopping that are more accurate than those that can be obtained from empirical methods, like those used in SWALLOW.  The models also allow prediction of not only mean overtopping rates, but also instantaneous quantities, like numbers of waves overtopping a structure in a certain time and the instantaneous overtopping rate, which can be far higher (and therefore more dangerous) than mean rates.  Moreover, they provide the capability to simulate these processes on arbitrary sea wall sections and allow for variations in section along the sea wall. They may be used on natural beaches too.

Set-up and set-down

Set-up and set-down are variations in the mean sea level. Set-up in particular is large at the shore, because of wave breaking, and this effect must be included to obtain accurate predictions of wave heights at breaking, run-up and overtopping. Traditionally, formulas have been used to obtain estimates of set-up (e.g. CIRIA Beach Manual), or models like WENDIS, which model a steady-state situation on/offshore. In reality these quantities vary in time, and all the ANEMONE models simulate this. Some of the ANEMONE models include this effect implicitly and automatically; others explicitly isolate and simulate it. Arbitrary bathymetries can be studied, both in alongshore and cross-shore directions.

Wave-induced currents

These are also generated by wave breaking (like set-up). They are usually either along the shore (longshore currents) or offshore (rip currents), and they can both have a very significant impact on nearshore sediment transport on beaches. Again, simple formulas are sometimes used to estimate their strength, and models like COSMOS have also been developed with this capability. However, ANEMONE models can model the generation and evolution of these currents, and for non-simple bathymetries and wave conditions. Due to the adaptive nature of some of these models, they are more efficient than fixed grid models like COSMOS.

A number of models have been developed. The models are either 1d (meaning that they simulate on/offshore motions alone, i.e., no alongshore inhomogeneity or angled wave approach); or 2d (meaning that they simulate motions in plan, i.e., coastal areas). These models include: 

OTT-1d:

A numerical model of wave run-up, overtopping and regeneration.

LFW-1d:

A numerical model of time-varying wave set-down and set-up.

OTTO-1d:
A numerical model of wave transformation, run-up, overtopping  and regeneration.

OTT-2d:

A numerical model of wave run-up, overtopping  and regeneration.

LFW-2d:
A numerical model of time-varying wave set-down and set-up, and wave-induced currents (longshore and rip currents).

OTTP-1d:
A numerical model of wave run-up, overtopping  and regeneration over permeable structures.

Two of these models have already been used in consultancy studies or on EC funded MAST projects.  OTT-1d has been used on consultancy studies in Korea, and as a tool for estimating the effect of coastal steepening on wave overtopping; and LFW-1d has been used as part of a model to predict sediment transport (SASME project).  OTT-1d has been made available to and taken up by one university, and applied to coastal hazard mapping.



Section 5 : Scientific report



Your  scientific report should be no longer than 16 PAGES  long

Press the DOWN arrow twice to move on

The research completed under commission FD 0204 is summarized in Section 4. Publications, presentations, articles and other forms of dissemination undertaken during the lifetime of this commission are listed at the end of this section.

The main part of the work undertaken comprised designing a number of numerical models. These are described below. They fall into two categories: 1d—i.e., they describe on/offshore motions, or 2d—they simulate motions in plan. N.B. This terminology is at odds with that usually used in engineering circles, where 2d usually denotes an on/offshore (flume) study, and 3d that in a wave basin. The difference comes about here because these models are all depth-integrated, i.e., they do not explicitly model the variation in velocity, pressure etc., over the water column. This is possible because the models simulate motions in shallow water. A further subdivision is that individual models are either wave-resolving (i.e., they simulate the motion of individual waves, as are observed by sight), or wave-averaged, which means that they simulate the mean free surface and wave-averaged quantities, like set-up/set-down and wave-driven currents, like rips and longshore currents.

All the models allow simulation of time-varying conditions, so may either be run with a synthetic (generated) spectrum, or, if desired, with a real time series of wave heights or velocities. They also are able to simulate motions on arbitrary bathymetries, either natural beaches or man-made structures.

OTT-1d

This wave-resolving model simulates wave run-up on, overtopping of, and, if it is of interest, regeneration in the lee of a sea wall. The model is more accurate than traditional, empirical methods for predicting mean overtopping rates and also provides the engineer or consultant with the ability to predict instantaneous quantities like numbers of overtopping waves and instantaneous overtopping rates and velocities and depths of water, and volumes of individual overtopping events.

OTT-2d

This is the extension of OTT-1d to model plan motions. In practice this means that the OTT-2d can simulate waves impinging on a structure at an oblique angle, and overtopping of sea walls with non-uniform alongshore cross-sections. This model is an adaptive grid model. This means that it automatically chooses the resolution required to model the hydrodynamics in different regions within the same simulation as time varies. This has the considerable advantage of providing a large saving in computational memory and efficiency.

LFW-1d

This is a wave-averaged model, which simulates variations in the mean free surface (wave set-up and set-down), as well as any concomitant variations in velocity. At the same time it simulates the (temporal and spatial) variation in wave height in the cross-shore direction, because it incorporates a wave transformation model within its solution scheme, which drives the variations in the mean free surface. It can provide accurate predictions of set-up/set-down, wave height, and even run-up (the latter is a wave-resolved quantity, but because of the general down-shift in frequency as waves approach the shoreline, the low-frequency motions become more prominent). It has also recently been combined with a turbulence closure model to provide predictions of sediment transport under wave groups.

 LFW-2d

This is the 2d version of LFW-1d. Like OTT-2d it is an adaptive grid model, with all the advantages this implies. It extends the capabilities of LFW-1d into plan, and allows the practitioner to model wave-induced horizontal circulation, like rip currents and longshore currents. 

OTTO-1d

This, essentially, is an extension of OTT-1d to allow input conditions further offshore. At present, one of the main limitations of OTT-1d is that the user must specify input (so-called offshore conditions) at what is in reality a fairly nearshore location. This limitation, it should be noted, is exactly the same for more traditional overtopping models, and is circumvented by transforming offshore conditions using some other method. OTTO-1d allows the user to specify offshore conditions at a real offshore location, i.e., prior to breaking, in depths up to about one half the wavelength.

OTTP-1d

This model extends the capabilities of OTT-1d to being able to model overtopping both over and through (porous) breakwaters. 

The one milestone that has not been met (4) refers to OTTO-2d. This model was to provide a 2d extension of OTTO-1d, which was completed earlier, but technical difficulties were encountered during its development, which were judged likely to delay its development, or at least make a model delivered on time considerably less efficient.

This problem was considered in the light of milestone (5), which, in part, refers to the possibility of developing an adaptive grid version of the same model. The success of the adaptive grid development was such that it was deemed desirable to develop an equivalent adaptive grid version of OTTO-2d. This development would require significant further funding, so, in the present round of MAFF proposals such a proposal was made. 

Such an adaptive grid model would, however, render the aforementioned, fixed-grid version instantly obsolete, as all the adaptive-grid models can be run in non-adaptive mode, if so desired. 

Therefore, given this combination of technical difficulties and possible future developments, it was decided that the originally proposed model would not prove cost-effective to develop further, and was shelved.
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