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SUMMARY

This report reviews the NRA’s role in the field of flood defence and, in_particular, the
Resea%;h & Deyelopment reguwed 0 fugrport the organlsat,lon in ,prowdmg adequeﬁe
flood defences In coastal and estuarial areas. The réview Is carried out dgainst the
background of current national and international R & D In this field and in the_context
of the evolving éjema_nds for nationally copsistent standards, improved scientific and
analytical methodologies, and economi¢ and conservation pressures.

Current programmes and ger_c_elved requirements for future R & D are reviewed under
the main_héadings of scientific analysis and deslgn, Improvements, maintenance and
emergencies. These main headings aré then subdivited into component subjects to a level
which enables. both current and future individual R & D projects to e identified.
Re ommenddatlons are mace for future R & D in th(?se areas together with cost estimates
and expecte ed projects;

benefits arising from the recommen
During. the review_certain important themes emerged,relating to national consistency,
dissemination of R & D results, fund,m? and evaluation of comrg)dleted flood defence

gro ects, These aspects are discussed In the report and recommendations made where
pplroprlate.
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1. INTRODUCTION

This review has been carried out in accordance with the Terms of Reference
accom anymag the letter from the External Advisers to the National Rivers Authority
NRAEdate 7 March 1991 (Bray/Bramley) and subsequentl¥ confirmed by the letter
rrom the NRA to the Advisers dated 15 March 1991. A copy of the Terms of Reference
Is attached as Appendix A.

2. REVIEW PROCEDURE

The review has been carried out in the following manner;

Assessment of backgroynd documentation and preliminary_discussions to
assimilate the scopeand direction of the current NRA R&D Programme

Development of a number of integrated topic frameworks and subsidiary
h%adlngs for da(!a st%ra%e, to,geéher with some more general subject headings
which dppeared to be Tequire

Discussions with interested parties, telephone interviews and attendance at
both the ’Ackers” Committee meeting at Watford and the MAFF
Loughborough Conference

Development of a general strategP/ and proposals for more detailed research
by reference to thé data assemfled within the topic frameworks

Production of draft final r_e}Eort circulation to R & D toPi_c leaders for
comment and discussion with R & D personnel at Head Office.

It is considered inappropriate to list all the documentation_reviewed, but the main
organisations and persons consulted are given in Appendix B. In addition to these a
considerable number of other persons were consulted informally at gatherings such as the
MAFF Loughborough Conference and the Ackers Committeé Workshop.

3. R&D SUPPORT SERVICES AND RESPONSIBILITIES

The NRA’s aims relating to flood defence are stated as being:

To provide effective defence for people and property against flooding from
rivers and the sea

To provide adequate arrangements for flood forecasting and warning
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Two additional NRA aims also have an influence on the above. These are:

To develop the amenity and recreational potential of waters and land
under NRA control

To conserve and enhance wildlife, landscape and archaeological features
associated with waters under NRA control.

The latter of these has been construed by the Advisers to include land as well as water.

The NRA core Function which undertakes flood defence is supparted by Commission C
of the R & D Programme whjch is sub-divided intq a number of resgarch topics under
the con r(T)I of designated topic leaders. Those topics having a bearing on coastal and
estuarial flood defence are;

C4  Qperational management
Coastal and estuarine works/structures
Effects of climate change on flood defences
C8  Response to emergencies

However, it is understood that the intention is now to combine Topics C6 and C7.

In addition to these topic areas, Commissions E and F address the recreational and
conservation aspects of the NRA'S work, and certain cross-functional aspects are
addressed in Commission G.

Research under the_above topics istailored to suif the needs of the NRA in-undertakin
Its statutory responsibilities and duties in flood defence, and will have one or more of th
following primary purposes:

to support its policy development

g
:

to improve its ability to carry out statutory duties
to improve its efficiency or effectiveness in carrying out its business

to increasg its general knowledge and understanding, particularly relating to
the aquatic environment.

In general the R& D carried out falls into the Frascati categories of "Applied Research
V\r}lt% Specllftlc Objec![:I)VGS" ang "Deve'opment". ’ 4

The manner in which the NRA strives to achieve its objectives in the field of flood
defence is by carrying out a number of
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ggivities against a background of demands and constraints. This background is composed

Target standards of service
The assets and organisation of the NRA relating to flood defence

Current environmental, conservation and amenity requirements
Environmental boundary conditions

With these components, th% backlground Is therefore evolving, continually, as society’s
expectations chang_eh as the NRA Improves or extends “its assets,” and as the
environmental conditions are modified bsyi factors such as Plob_al warmmg. However the
rate at which the background evolves is slow enougn to allow it to provide a framework
within which the following activities are carried out:

Development and improvement of defences
Maintenance and repair of defences
Warning of, and responding to emergencies
all of which may involve, to a greater or lesser extent;
Scientific analysis and engineering design.

The way inwhich.these activities are related to the, general background and to each other
is illustrated in Figures 1to 4. It is for assistance in these four activities that the R& D
Support Service 15 called upon. A detailed review of the research status within these
activities, and recommendations for developing and improving this research programme
are given in Section 5 of this report. However, a number of broader issues came to light
during the review and these are discussed in the following section.

4, MAJOR FLOOD DEFENCE ISSUES
4.1 Need for Research and Development

That there is a need for research and development in the field of coastal and estuarial
flood defence from a technical viewpoint seems to be in little doubt. Amongst the man
persons consulted durmgothe_ review not one was of the opinion that the NRA R &
effort should In any way0e diminished. On the contrary, there were frequent references
to areas into which R & D should be extended to enable the operational part of the
. NRA to carry out its duties in a responsible and cost-effective manner.

As ma;g_be seen from the benefits listed against projects in ApPendm C, most of the R
& D which is recommended is expected to'lead tg ijroyemens In consistency, quality
risk reduction and. cost saving. In'the present political climate of Value-for-money’ ard
nublic accountability” these particular improvements would seem to be of prime
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importance, The corollar)( ofthis is that a lack of R_& D, or a reduction in R & D effort
IS ost_Ilk%Ig to result in the organisation being politically more vulnerable than it would
otherwise have been,

4.2  Qverall framework of flood defence management

|t appears desirable for the NRA to develop a nationally consistent overall framework
for tlood defence managementwithin which reﬂional and ?lte-seeclflcactlwty IE)rqgrammes
can he iPrggressed. Fo ﬁn overall framework to be effective It must contain certain
established &lements, such as:

Consistent levels and methods of data storage and retrieval, to ensure that
data Is not madv?rtentlx lost, can he conveniently retrieved Into analytical
systems, and IS of a consistent quality.

A%reed frameworks for flood risk assessment, design philosophy, and
scheme evaluation.

Consistent en ineerinlg, _environmental, conservation and  financial
approaches on a countrywide basis.

To what extent this framework is developed by the operational divisions of the NRA or
through support by the R & D Service Isa subject for future deision. However, it would
seem g[udent for the NRA to determine the key elements required for the establishment
of a nationally consistent framework, and for future R & D. projects to be integrated into
this framework_(Proposal 1.1). The frameworks described, in Section 3 of this report, and
Illustrated in Figures 1 to 4, might provide a basis for this development.

4.3  Strategic studies and management systems

A considerable amount of work has been undertaken in varigus regions to develop flgod
defence management systems to_provide a broad framework witfin which to take site-
specific decisions of an en(%_lneerlng and managerial nature. I\/IanY aspects of this work
could e transferred and wilised in other regions. For example, it is important that the
generic issues arising from the Anglian Region’s Coastal M naqemen_t tudy should be
extracted In a form Which is of usé to other regions. However, there is a d_an?er that a
multiplicity of transfers of these techniques™ from different studies might’ lead to
inconsistencies of approach, if this extraction process is not coordinated.

44 Information dissemination

441 Dissemination of R & D results.

There appeared to be a n%;,ene,ral consensus amongst the oranisations consulted that a
greater de_?ree of dissenination of information 'on R & D would be beneficial. In
Bartlcular it was felt that there was a needto know what research was being carried out,

oth within the NRA and in allied organisations, and what the results of the research
were (i.e. how they could be applied). The point was made that it was better for one
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Person to synthesise the results of a research project than for many busy people to try
0 read the entire report and extract the relevant'results.

It is assumed that all NRA research reports will contain an informative abstract
containing a summalr_?/ of the results of the research and an indication of the usg to which
they might be put. However, there is still perceived to be a need for synthesis reviews,
derived Trom one or more research prerc s In related subjects, which would extract the
key results of the work and present them for general use In the confext of practical
engineering aP lications, These reports could thén be built into "state of the art” reviews
Boer (Yeafrilr?eu(f ditferent subjects. The list of subjects to be treated in this way also needs to

4.4.2 Codes of practice, manuals and guidance notes

Developing the theme of this section of the report further, there Wovld appear to be a
general consensus that design manuals, or_guidance notes, for capital and maintenance
works would be welcomed”in this field. There are two reasons for this. Firstly, the
consultants employed by the NRA re_(I;_lons would have a better understanding of what
was required from’ then, and comP_etl Ive roRosaIs submitted by them for work would
be ud%ed against a common g_ards |ck._(fSo_et Ing which It IS suspected does not always
ha ge at present, thus leading to differing standards of work being carried out ‘at
different times and in different regions). Secondly, it would greatly facilitate engmeermg
within the NRA reﬂlon,al offices and assist in thé production of viorking briefs for wor

put out to consulting firms.

In particular, considerable benefit would be achieved by de_velopmgi standard codes of
practice covering planning and design Phllosophy, and pro*ect_ evaluation. This would
ensure that all régions, and their consultants, would work eftectively and consistently. It
Is therefore recommended that thought be glven fo how these manuals and codes could
be produced, which areas of flood defencé engineering and management need to be
covered, and to what level of detail they should be drafted (Proposal 1.2).

45  Co-ordination of coastal projects

There are ,man*/lorgamsatlons involved in the development of projects in the coastal and
estuarial f|el(§1. any of these bodies are involved in overlapplng_areas_ofwor,k both.in
technical and geographical terms. For development to occur effectively in this field a high
degree. of co-Ordination is required. At Present there s a fairly hlgh_de?ree of infornial
co-ordination in some parts of the country, but mewtabl?{ some duplication of work will
oceur, or existing information will be overfooked, due to the lack ofa coordinating centre.
It IS suggested that the R & D Support Service should ensure that t_heg are continually
updating their knowledge of the status of current research in this field, possibly in the
lf:?%anDO P% _an-trgouse coastal & esturial R & D database, of past, current and proposed
jects.

One advantage of maintaining a database of this type is that it makes it easier for
projects suitable for co-funding to be identified. See Section 4.6 below.
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4.6  Research funding

There. a ?,ears to be an ampivalent attitude to_co-funding of R & D in the coastal and
estuarial field. On the one hand there is the view that, unless projects are fully funded
by one organisation, the results are of limited value, because ‘the ohjectives are a
compromise of the needs of the co-funders. On the other hand_ there IS the fact that
some projects, particularly those involving long term monitoring of environmental
parameters, are {00 expensive for any one organisation to fund. At |€ast one organisation
consulted was of the opinion that arfy initiative by the NRA fo act as co-funders in this
field would be welcomed and would ‘encourage others to follow suit.

It is recommended that co-funding opportunities should be actlvelg sought in areas of
Interest 1dentified in Section 5 below, particularly in the context of European initiatives.
However, rather than ,contrlbutln? to the joint funding of a co-operative research project,
thought should be given to colfaborating by funding of discrete elements of multi-
component researchprogrammes.

4.7 Post project appraisal

A number of organisations consulted referred to the lack of feedback from completed
schemes, and there was a gene,ral agreement that some form of post-project appraisal
system would be of great b2nefit. In Bartlcular the need for post project information on
sich aspects as design risk, mixed beach behaviour, gnvironment” recovery rate and
maintenance costs wére just some of the subjects mentioned.

Clearly, for much of the R & D work currently being implemented a post-project
aP rgisal system s neces arP/ for validation of thg new’ techniques when put Into in
P ctice. Its well known that the tail ends of bot? esign and construction r%r(vects tend
0 gnet overlooked, and that there 1s a tendency for engineers to want to_move on to a
fresh project rather than to tie up all the loose’ends of'the current one. For this reason
it is felt that a post-project appraisal system must either be carried out as a separate

exercise (i.e. as a project in itself) or must be a mandatory part of the original project.
There are at least two types of post-project appraisal:
an appraisal of the results of an R & D project to determine its usefulness

an appraisal of the effectiveness of a flood defence scheme, and validation
8{) etpaetigﬂgmeermg and conservation principles inherent in-its design and

It is understood that the former of these two types is now a normal procedure within the
NRA. The latter requires to be carried out during the lifetime of the project. What seems
to be. required now is a research project to define how the flood defence scheme
a}%oralsals are to be implemented, and to develop the procedural framework for carrying
them out (Proposal L1.3).
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5. DETAILED RESEARCH AND DEVELOPMENT ISSUES

The main headings which were used for the compilation ofthe comprehensive framework
82 fseunbggc\}vseger. Issues related to the NRA's responsibilities in coastal and estuarial flood

- Improvement (Development)
- Maintenance and repair

- Emer?e_nues _ _

- Scienfific analysis and design

Each of these headings was further subdivided at the beginning of the review into
Possmle themes and specific subjects where further research mightoe necessary. During
he course of the consultations with the varioys organisations other themes were
suggested which it was thought were sufficiently distinct to warrant separate headings.
Most of these additional h_eadmgs related to general considerations in the execution of
the NRA'S reSROHSIbllltleS In flodd defence, ana have been discussed in Section 4 ahove.
In_this section only those themes or issues which fall clearly under tne headings
mentioned above are discussed. If should be noted that the cate,gor%/ Scientific analysis
and design” also contains the subjects of "Sea level rise’and ‘Climate change’

51 Improvement

The coastline of England and Wales is extremeIH variable, with ma_nIy different landforms
and coastal regimes, population densities and flood defence requirements. Therefore it
IS highly unlikely that standard designs could be adoF,ted for the development and
Improvément of flood defence works,"However, as a national hody the NRA should be
ado tmg a standard and consistent phlloso[%hg for the design of floog ?efence works. At
Bre entthere |saW|despread_feeI|nt_1 that thi$ is not the case, with different approaches

eing used In the different regions. Although some aspects of the NRAs existing research
prog_rgmntl,e are clearly aimed at developing some consistency, several aspects still need
conSideration.

An overall philosophy for the design of improvement works can be broken down into
four main themes:

- Definition of standards of service

* Design constrajnts _

- Prob b|||t¥, and consetiuences of failure
- Cost/benefit considerations

and these are discussed in the following sections.

5.1.1 Definition of standards of service

The target standards of service are part of the overall hackground against which the
NRA carries out all of its activities, as outlined in section 4.2 of thiS report, and as

illustrated in Figures 1 2 and 3, However theX generally receive the most detailed
examination whén flood defence improvements are being Considered.
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At present the only gurdance which is avarIabIe for the designers offlood defence works
Is contained In the'report of the Waverley C ommrtteea pointed by MAFF in the wake
of the North Sea floods of 1953 Althou%h sli 0g htl revrsed In Iaer rr]/ears this re ort
basrcallyconcludd that the defences should be desi gned to wrthstandt eworst record
water level, with g suitable freeboard to allow for wave action. Some broad mdrcatrons
were also érrven of situations where greater or lesser standards of service could perhaps
be justifie

Clearly the Waverley recommendations are open to widely different interpretations, one
of the "reasons for t eregronal differences already mentioned. Another disadvantage of
the Waverley report is that it relates the standard of service to_one cause of the vent
(1.e.the extreme water level) rather than to the event itself roodrnr_p The roodrn% could
n fac[ be the result of awrde variet dy ty of causes, for exa ge extreme wave action or
seawa collapse. The required standard of service therefore must be refated to the
trer%uencg of flooding which can be toIerated at a particular site, whatever the causes of
hat flooding

Within its_current research programme the NRA already has a Prorect "t_develop
through pilot studies a national %/stem for examining standardso service” (for flood
Protectron , being undertaken by Robertson Gould Consultants under the supervision of
he NRA nglran Region. The marn thrust of this research. is towards river flooding, and
the aim has been fo efrne he req ired standards of service in relatjon to various land
use categories. Building on t |swor a new project should be started with the objective
of defining standards of Service for protectron against estuarral and coastal flooding
SPro posal 2.1). It should be recognrsed that both the type of flood event and the
onse%uenceso flooging are very Qifferent for estuarial a coastal situations, %nd the
re(%ur d standards of service are”therefore likely to demand quite different methods of
definition compared to river flooding.

5.1.2 Design constraints

All proposed flood protection works are likely to have their own_site-spegific design
constrarnts for example a requirement to use comgonents of the existing defences, or'a
P_lactrca rmrtatron on the maximum herght of embankment which can e, constructed.

owever almost all schemes are constrained hy the need to conserve ang, if possible, to
enhance the environment wjthout detractrn fromteengrneerrng erformance. of the
scheme. Again this is part of th eovera bac qrounda gainst which teNRA carries out
all its activities. The NRA s therefore area¥ putting . considerable effort intg
conservation, and three projects related to flood detence are in the current or proposed
research programme on conservation issues (Commission F):

- Conservation. enhancement of flood defence works
- Coastal wildlife database
- Conservation value of sea defences

In these and other research projects on similar lines the aim should be to develop general
uidelines on the treatment of conservation issues in the design of flood defence works,
hese gurdelrnes could then be used both by the NRA’s in-house design engineers and

perhaps more importantly by its consulting engineers also.
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One of the_problems which was mentioned on several occasions durlng_ the consyltations
was the wide disparity In attitudes between the numerous copservafion organisations.
There was a wigespréad feeling that the conservationists should also be encouraged to
research and develop a consistent approach to the environmental impactS and
|ciroRportumtu_as of flood defence works, t0 match the efforts already being made by the

A. In this resgect, joint research projects between the NRA and'various conservation
bodies would seem to offer advantages (Proposal 2.2).

5.1.3 Probability and consequences of failure

In Section 5.1.1 of this reRort it has been pointed out that the required_standard of
service must be related to the frequency of flooding which ¢an be tolerated. The flooding
Itself can be caused by a wide variety of factors, edch with its own chance of occurrence,
and its own consequences of failure: For example a seawall built with its crest level too
low might be subject to overtopping by wave action during_.a severe storm, but the
duratio of the flood event is Ilkelx to be rather short, being limited to the peak of the
storm_tide. In contrast, a seawall which is weakly constructed might be breached: Iar?_e
quantities of flood water will probabély dischargé through the breach on each tide until
at least temporary repairs are carried out.

Even if overtoPplng of the seawall and the breaching of the seawall have exactII)( the
same chance ot occlirrence, their consequences are therefore very djtferent, The fuf] and
proper evaluation of the level of protection provided by a particular flood defence
scheme should therefore take account of all possible causes of flooding, and of their
CONSequences.

In continental Europe, and in the Netherlands in particular, maJDor, coastal engineering
WOrKS ,%mcludlng_ lood defence scheme%)r are mcreasm%l eing (lesignad usmg
probabilistic and Tisk assessment methods, TTiese methods ustally result in a much mor

%gﬁb-regfectlve solution, because they involve a more realistic estimate of the danger of

Some consulting engineering firms in this country use probabilistic methods tq a limited
extent in the design”of flood" defence works, but no standards or guidelines exist. As the
national bod resgonsmle for the majority of flood protection in England and Wales the
NRA should take the. lead .in déveloping standard procedureS or quidelines for
&Poe[(oprlate froba ilistic design and risk™ assessment methods for flood defence

s.(Proposal 2.3

In probabilistic design methods, there are five main stages of work:
Identifying the possible modes of failure (flooding)
dentifying the environmental parameters (such as water levels or wave
conditions) or the structural Rarameters such as crest elevation or
revetment block thickness) which cause that mode of failure to develop
estimating the probability ‘of occurrence of each failure mode
estimating the magnitude and the rate of development of failure

predicting the resulting flood damage
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For most so-called "hard defences” (e.g.seawalls and revetments%, identifying the possible
modes of failure is relatively easkl. A minor research task would e to draw ug a checklist
for typical structures, whichcan then be referred to by designers.(Proposal 2. at)) Defining
the possible failure modes for soft defences such as saltlnq(s 0r renourished beaches s
more difficult, but can probably still be prepared as a checklist.

Again for hard defences |dentn‘y|ngz the environmental and structural parameters which
cause that partjcular failure mode Yo develop Is relatively strallqhtforward. However for
beaches and saltings this s often extremely difficult. For éxample, lowbeach levels could
be due to short bit severe storms, or tq Persistent moderate storms, or to persistently
high water levels, or to untypical wave directions. In many existing cases the exact causg
is never known. Clearly 1t will not be possible to make much progress in this area unti
gerg]uscehctblghteg zll”:]% erstanding of coastal sediment transport is available. (Proposal 2.3b and

It is very !ike!y that most of the failure modes which have been identified will depend on
several “different parameters: for example overto%pln% of a seawall mlght depend on
wat rIeveI,wave(]welghtand Way erlog: fqe dedpt of Toe scour mlg’pt (s Bend on Wav?
elght, period ana persistence. The probability of occurrence of each failure mode wil
therefore depend on the joint probability of occurrence of all the governing Parameters.
Improved methods for predicting extreme water levels, based on the joint probability of

occurrence of high tides and severe storm surges, have recently been developed throuigh
research funded by MAFF.

Further research is necessary to develop similar methods for predicting the joint
probabilities of extreme water levels and wave conditions, and the work should also be
extended to cover a wide range of different parameters (Proposal 2.3d). None of these
methods, howeyer, can work in the compleée,absence of an;r data, and the routlng
measurement of parameters such aswave conditions, beach levels etc. is urgently negde

to complement exwtmg data collection on water levels, wind conditions, fresh water flows
etc. This data needs to be collated natlonall¥, and to be readily available for use b

desq\r‘] engineers, However, the data will be ot use to many different organisations, an

the NRA™should therefore seek collaboration with others to set up™this collection,
collation and archiving system (Proposal 2.3c).

For some of the failure modes, estimation of the magnitude and extent of failure can be
based on standard formulae or prediction methods. However there are several other
failure mechanisms which cannot et be quantified in these terms, For embankment type
seawalls it 1s very difficult to predict the rate of damage to the front face armour of to
the rear face cover layer, and hence to predict the likelihood of a breach developing
quring the ger_lod of the storm. Once the |n_|E|aI breach has formed, it is then extremely
gn;fh%tiltc t(élestlmate how quickly its width will grow In comparison with the timescale of
1l cycle.

Further research Is necessary on.these issues, perhaps based on.a detailed analysis of gast
breaches in sea defences, hoth in the UK and elsewhere within Europe _ProiJosaI 4).
Predicting the failure of soft defences depends crucially on the ability to predict
accurately the reaction of the defence, for example a renourished beach, ‘to each and
eve_r?gl g\{ave and tidal condition over Iongstgmespa S, Although mathematical models are

available which can give some indications in this respect, thére is still considerably more
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research needed, (see Section 5.4.3)

Prediction of flood damage resulting from failure of the sea defences depends upon
estimating the quantity of water stored in the flood plain, and its velomt¥ of ingress. Both
of these values depend on the_sea defence structure and on._ its mode of failure, but they
also depend on the ?eographlcal form of the flood plain. itself. U,nfortunatelg existing
maps are usually insufficiently detailed to give the requwed information on contour levels,
roadway elevations etc. which would allow floodwater paths, flooding depths etc. to be
calcylated accurately. As a Ionﬂ term aim, the NRA should consider comm|_33|on|nP a
detﬁlled mag#]mg exerm?e of all coastal flood plains, with contours at close intervals -
perhaps 0.25m (Proposal 2.5).

5.1.4 Cost/benefit considerations

Significant research is under way at present into the estimation of poth the benefits and
%gebceog%a ife aea defence schemes. However there are a number of issugs which still need

On the cost side, estimation of the capital cost of the scheme is well understood.
However estimation of future maintenance costs is very uncertajn, and tends to be based
on the personal experience and subjective judge,ment fthe design engineer. In the main
this is because very few organisations keep defailed records of pst mdintenance costs on
particular sea defénces or types of defences.

Because of the uncertainty in maintenance costs, schemes tend to be selected on the
basis of least capital cost rather than lowest "whole life" cost, with the. possibility that the
optimum scheme In the long term has been overlooked. As a result of increasing pressure
from the public, softer solufions to coastal defence problems have to be cqnsidéred. Such
solutions almost always demand a significant amount of routine maintenance, ang
estimation of the assoclated costs therefore plays an important role in comparing the soft
and hard defence options.

For soft defences estimation of the maintenance costs is likely to improve as more
accurate models of coastal sediment transport are developed. For hard defences, all
available data on past maintenance should"be collated, and guidance notes should be
prepared for the henefit of design engineers. Steps should also be taken to ensure that
%C6Cau) rate records of maintenance expenditure are routinely assembled in future (Proposal

In terms of estlmatm_ﬂ the value of the benefits of flood defence, schemes, several items
of research are still required. In_particular, more work is ngeded to develop
straightforward methodologles for estimating conservation and amenity values (Proposal

6b)q. For example it is extremely difficult at present to estimate the value of a natural
beach, or to compare the relative costs and benefits of a sand gqr a shlngle beach
reﬂourlshment scheme, or to compare any soft defence scheme with a hard defence
scheme.

With re_gard to estimating agricultyral values, there is a need to update existing methods,
In partiCular to take account of the substantial changes taking place In the European
Community’s Common Agriculture Policy. The updated methods should also
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allow the economic and environmental consequences of coastal retreat to be mclud?d in
the assessment. |n this context, there is a need to investigate the political and legal
mechanisms for the compensation of land and propertY owners where the coastal retrgat
option Is selected, and for grant aiding these payments (Proposal 2.6¢).

5.2 Maintenance and repair

The maintenance and repair of flood d?fences should really form part of an integrated
‘Asset management system’, which would address the following as;?ects:

- the standard of service required

- the associated risks and uncertainties

*the condition of the existing defence

- the level and frequency of maintenance required
- the assignment of priorities for capital works

The first two of these aspects will also be part of the overal| design ghllosophy, as
discussed. in Sfctlon_S.lo this r%port. However, their special relevance to maintenance
and repair will be discussed further below, together with the other aspects.

Research on the design of new flood defence works is largely funded by MAFF at
present, because most of the capital costs of these works are provided b}( MAFF through
grant-in-aid. However, the maintenance and repair of'existing structures is the sole
rESﬁ]OHSIblllty of the owner of the defence, Therefore R&D on Mmaintenance and repair
of the NRA’s defences should be funded by the NRA itself.

h.2.1 Standards of service

The standard of service which should be,squlled by a particular flood defence should
have been set at the time of the original ‘design”and construction of the defence.
However, at the time when maintenance is being considered the required standard of
service may have. chan%ed, either because of a ¢hange in land use, or simply because
soclety’s expectations of safety have increased or decteased.

In addition the standard of service actually provided by the defence may have changed
due to degradation or improvement to the structure or its foundations, or t0 a
fundamental change in the local environmental boundary conditions. Research is needed
to develop straightforward methads for back-analysis of existing structures, to be applied
routinely over many miles of defences to identify the standard of service actually being
provided (Proposal 3.1).

5.2.2 Maintenance philosophy
The maintenance philosophy for a particular defence depends on ev,aluating the existing

condition of the structure, détermining the level of protection which it provides, assessmﬂ
its remaining life, and estimating the™costs and benefits of maintenance/repair. In eac
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of these aspects, methods are required which are sufficiently straightforward to be
R'oplled at regular Intervals. over many miles of defences (Pro osal 3.2a). In the

etherlands for example legislation has”recently been passed which requires all flood
defences to be re-assessed every five years: the assessments are the responsihility of the
owners of the defences, but all the reports have to be submitted to a central agéncy for

examination and approval.

Codes for evaluating the condition of river flood defences have recently been produced
under the existing R&D programme, but these need to be extended to Coastal defences.
In addition they are hased ver IaEger on the physical condition of the defence, rather
than on its engineering integrity (Proposal 3.2).

The level of profection currently provided by the defence may have chan?ed, ejther
because the environmental loadings have. inCreased, or because the condifion of the
defence has deteriorated. The riskS associated with this change have to be calculated,
again using cost-effective methods.

Perhaﬁ_s the most difficult aspect of the maintenance philoso h?/ Is the assessment of the
remaining life of the defence. Based on a detailed anal@ss of existing structures,
guidelined should be produced for carrying out this assessment (Proposal 3.2c).

Estimating the costs and benefits, of maintenance .or repair_should  be relatively
straightforward, once the risks associated with the existing level of protection have been
estimated, Again, for rjver and estuarine flood defencés a report has recently been
completed o the prioritisation and rogrammln of flood defence works, based on a
weighted ratlng system. This was undertaken under the current R&D programme, and
now needs to he extended to coastal defences (Proposal 3.2d).

5.2.3 Inspection and monitoring

The efficient implementation of the maintenance pro?ramme depends on a systematic
monitoring programme which involves not only careful inspection and measurement of
the behaviour ot the defences, but also of the ervironmental conditions which govern that
behaviour. Normally the defences should be inspected at reqular intervals, and after
major storms. However, because the NRA is responsible for'very many kilometres of
defences, the methods for inspection and monltorlng have to bé quick and effective,
There 1s a need to develop cost-effective methods for monitoring the environmental
conditions and the benhaviour of defences during extreme events, and also for the routine
measurement of beach contours. For example, the Anglian Region of NRA have recently
Initiated a monitoring programme involving:

shoreline inspections during storm seasons
beach profile surveys at 6-month intervals
annual aerial surveys to give beach contours, salt marsh levels, cliff lines etc.

quinquennial hydrographic surveys to give nearshore seabed levels and sub-
littoral beach profilgs.
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In addition wind and water level data from existing recording stations will pe available,
all%wmr? Vpossmle correlations hetween defence res%onse and"environmental parameters
to be Investigated.

These and other suitable E)rocedure,s now need to be established on a countrywide basis
(Proposal 3.3a). Similarly there is still no_reliable non-destructive technique for detecting
voids in seawalls or holes made by vermin in embankments, leaving a major problem in
the planning of preventative maintenance (Proposal 3.30).

5.2.4 Repair

The ,Iannlng of the r%[l)alr or maintenance works themselves includes the selection of the
techniques and the materials to be used, estimation of the costs involved, and alsp
determining the frequency of the work. There is a widespread feeling that research is
needed to “Identify more “cost-effective methods for carrying out repair works on. sea
(jef%n e_?, and there is already a [f_ro osal in_the programme entitled
Renanilitation of stryctures - “quidelinés on refurbishment and' replacement’, This
research should include an exaniination of whether there are any economjes of scale
which can be of benefit to the NRA, and whether there are any new techniques which
can be employed. These may include steps which should be takén at the design stage to
ensure ease Of future maintenance, such as guaranteed access, or the use of standard
components to build up the site-specific design solution (Proposal 3.4a).

As mentioned earlier, estimation of the maintenance and repair costs for sea defences
IS very important In_evaluating the whole-life cost of a scheme, and also for budget
planning purposes, There i v_erY little useful information for engineers on this subject
and a data base of actual capital and maintenance, costs through" the prohe,ct life should
be groduced for a varle_t)(]of existing sea and estuarial defence schemes. This data should
alsQ be used to establish the gptimum balance between the frequency and extent of
maintenance/repair, in terms of the long term costs involved (Proposal 3.4b).

53 Emergencies

Emergencies are likely to arise as a result of extreme events, which produce
environmental conditions more severe than those specified in the defence’s standard of
service, or due to_failyre of the defences, resulting in a lowering of this stapdard. Clearl¥,
therefore, there is a direct link between defined stangards of'service and requirements
for emergency response, the latter being, in part, defined by the former.

However, standards of service defined for the flood defences only determine the
fregue_ncy and extent to which emergency services may be required. There is also a need
to defing other standards of emergéncy services, relating to warning servicgs, response
times and the degree of self-sufficiéncy required within the NRA priort to the involvement
of other emergency services. A number of these matters are being addressed in the
current research project being undertaken by the Flood Hazard Research Centre.
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Essentially the NRA’s emergency service requirements consist of.

analysis of likely emergency scenarios and prediction of the effects of such
emedrggnmes, to determiné emergency frequency and possible resources
neede

development of real time emergency prediction techniques
development of warning systems and establishment of warning trigger levels

installation of adequate resqurces and response procedures to provide the
standard of emergency service required

5.3.1 Resources

Eme,rgency scenarios, and the prediction of their effects, have to be analysed by
consideration of the defence service standards and the probabll_lt}/ of their belng
exceeded, or lowered by defence failure. In both cases research into standards an
reliability of service is required before further work can be carried out, However, there
may be 4 case here f?r a small research project to define the input requirements for such
an ‘analysis (Proposal 4.1

5.3.2 Real time prediction

Reliable real time prediction depends_ on an adequate amount of data_b,eln? fed to the
redictor, and on a prediction technigue being in place which is sufficiently accurate.
urrent developments of the Storm Tide WarnlnP odel and the inclusion of waves In

this model are all movmg in the rlght direction. In particular, the im r?vement of this

Service to_?lve better datd on surges in west coast estuaries, mentioned elsewhere In this

reEort, r¥V|I assist In this respect. There is thus a further reason for NRA to support this

research.

Extension of national surge and wave models to give predictions of inshore site specific
environmental conditionsis less advanced (altholigh it is currently_being discussed as a
Pr_oposed, project in the NRA R & D programme), as is the requiremeént to transform
his data into 3 form where it can be used to predict potential emergencies. The need for
more site-specific data for model validation has been’ mentioned elsewhere in this report,
Research will, in due course, be needed to determine the best way of relating this, local
data to the flood defences and thereby producing a convenient emergency “prediction
system. Local look-up tables have been suggested:. (Proposal 4.2).

5.3.3 Flood warning

The introduction of comprehensive flood warning systems, based on. predicted conditions
and defence responses, Is generally related to respurces, since techniques for transmlttlnq
data and Issying warmn%s are re_Iatlvelg advanced, What is not sq clear is the assessmer
of the effectiveness of fhe warning systems and the benefits derived from the warnings.
Response to emergencigs is not wholly an NRA responsibility since the local authority
argﬁl thg etmergency services are also involved, particularly the police, who have numerous
other duties.
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There appears to be a need for research to be carried out into the effectiveness. of local
warnin _Rro%edures In order to gélstlf _the Jnvestment required in installing and
maintafing them. The research needs to' investigate whether the procedures

can he improved, (either within the NRA or externally), and also needs to develo
methods to quantify the cost-effectiveness of the overall warning systems (proposal 4.3).

0.3.4 Response to emergencies

A number of authorities commented on the practical response _
required In the event of an emer%enﬁy, In particular there is a need for gmdance on
emerge_nc?/ repair methods for hreachied defences. This. quidance needs t0 be of two
types; firstly to address the question of whether it is practical and effective to attempt to
repair a breach In the particular emergency situation belng exRerlenced, and secondly,
having established that repairs are “needed, to evaluate the reliability and cost-
effectiveness of methods for carrying out these repairs expediently (Proposal 4.4).

54 Scientific analysis and design
Almost every aspect in the overall management of coastal and estuarine flood defences
Includes a c_erd}aln de?ree of scientific rgjal}/ms and deagn., In qeneral, the scientific
analysls carried oyt for a particular flooa defence can be divided nto three main areas
(see”also Figure 4%

determination of environmental boundary conditions

evaluation of nearshore processes

calculation of loads on the defence, and of its responses

and these are discussed in the following sections,

For emergency. warning procedures it will often be necessary to carr%/ out the analysis in
real time,” t0 §|ve accUrate forecasts of extreme environmental conditions, and of the
expected response of the defences, (see Figure 3). However, in evaluating the condition
of existing flood defences, (Figure 2), and in the design of any improveménts which ma

be necessary, (Figure 1), determination of the environmental boundary conditions an

of the nearshore processes will usually be based on scientific analysis of past records,
extrapolated if necessary to predict the design storm conditions. The response of the
structure will then be détermined for these predicted loads.

In all these case, the exact extent of the scientific analysis will depend upon both the
overall importance of the_flood defence, and on its complexity. For some types of
defences, and for some environmental parameters, the scientific knowledge is alréady far
?dv%nced, aIIowmgq a fHII technical analysis to be carried out. For othefs, considerable
urther research IS needed.

5.4.1 Environmental boundary conditions

For the design .of a coastal or estuarial flood defence scheme, the environmental
boundary conditions which have to be determined may include:
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water levels (tides, surges, mean sea levels)
waves (winds, local waves, swell)
currents (tidal, wave-induced,oceanic)

sediment regime (sediment type, transport rates, seabed and coastal
geology)

Considerable work is already being carried out on behalf of MAFF by the Proudman
Oceanagraphic Laboratori() (POL) and by the Meteorological Officeto assist in the
prediction of water levels. Development of'the national tideGauge network is continuing,
and the long term measurements from the Class A gauges afe Geing analysed to provide
the best \Bosmbe estimates of trends in mean sea”levels, of tidal"components, and of
extreme water levels.

However, there are Qwany eélstlng II?e gauges which are not linked in to the n_anRaI
network, which could provide usefuf data..On the Humber E_stuarg, an exercise nas
recently been completed by consultants for the NRA Anglian, . Severn-Trent, and
Yorkshlre,Re?mns to set up a tidal database through the ‘collation of all available
recorded fide Tevels, using data from both the networkéd and the local tide Tgauges= This
was found to be extremely valuable in the strategic planning of the flood defences.in the
area. A report should be produced (Iqlvmg guidance on the methodologg/ used for this txpe
of study, and outlining the associated ¢osts and benefits (Proposal .1). This will then
enable other regions ot the NRA to %lve consideration to similar exercises in other areas,
e.g.the Severn Estuary or Morecambe Bay.

Agart from the measyrement and statistical analysis of water levels, the MAFF-funded
work on water levels also includes the development and routine operation of storm surge
forecasting models. At present these madels are reasonably accurate on the East Coast,
but on the West Coast there are still considerable pfoblems, On the whole the
magnitudes of the surges are reasonably accurate, but the prediction of their timing
relative to the tidal phase is rather wayward. It is hoped that present research to develop
a combined surge/tide/wave model will help to overcome many of these problems.

The present models are operated routinely by the Met.Office, with the forecast conditions
being transmitted to the NRA Regions, and to some of the Coast Protection Authorities.
Sincg NRA is the main beneficiary of these forecasts, consideration should be given to
joint funding of this routine operation of the models, allowing the NRA the opportunity
to tailor thé output to IS qwn requirements ﬁProposaI 5.22_. In particular, it would, be
useful to give more localised predictigns, e.?. at various locations Up important estuaries.
However,” for these predictions to be validated, measurements would be necessary,
Possllbly bydsome form of maximum water level recorder rather than a conventional tide
evel récorder.

In complete contrast to the situation for water levels, there are at present no national
arrangements for the measurement of either locally generated or swell waves. The
comnijttee ar?polnted by MAFF to ov?rsee the p_rog?ramme of tide gauge recording. has
recentI){, ee glven revised terms of reterence to Include wave rfcor mg. The comnmittee
seems Tikely t0 recommend the setting up of a few strategically located offshore wave
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recorders for long term measurements, with the possibility of deploying one or two
additional recorders at various other locatjons for reIatlveI% short terms (pérhaps one or
two years) to OProwde comparisons, and to allow for the calibration” of local wave
forecasting models. The NRA should suP ort this initiative, and should trx to ensure that
ia_n Wave measurements which are carried out for Its own 0 eraﬁlona Eurposes are
Inked Into this programme to the greatest extent possible (Proposa Sr)‘ or example,
Wave and wat_?r leVel data from fhe newly installed tower off Boygrift, Lincolnshire,
should be available to the national programme.

With regard to the forecastmg_of_ offshore waves, the Met.Office has its own mode| for
routine Operation, but the predictions are based on a rather coarse grid spacing for flood
protection requirements. Other more localiseg wave models are available (e.q., the HR
model HINDWAVE), but they are not %enerallgl available on a routine forecas mgnbamf.
In areas where the waves are predominantl Iog lly ene_rate? e..LIverpool Bay‘)h odels
such as HINDWAVE could easﬂY be adapted for Toutine forecasting. Wherethe wave
climate 15 a.combination of locally and. distantly qene_rated waves, Some consideration
should be given to refining the Met.Office mod@l o give more localised predictions on
a routine basis (Proposal 5.4).

As mentioned, the Met. Office wave model predicts offshore wave conditions, rather, than
the conditions inshore at the site of the defences. At most locations there will be
S|fgn|f|cant differences hetween the inshore and offshore conditions, because of the effects
of various nearshore processes. Forecasting of the offshore conditions is therefore of
rather limited value, servin mamly to warn of the onset 8‘f storms. The Problems of
forecasting Inshore wave conditions on a routine basis are discussed further in the next
section (5.4.2 Nearshore processes)

At most coastal sites the existing currents are best established by direct measurement
since the}/ are hl%h|¥, site specific. Tidal currents can be modelleg t? some extent, but it
Is still extremely Uifficult to predict wave induced currents. This is also discussed further
In Section 5.4.2 of this report.

An examination of the sediment regime at the site of proposed flood defence works can
pay useful dividends, This should include an examination of the available data on the
?eology of the coastline and the seabed, and also of any available evidence for sediment
ransport paths and trends. For example several areas of the coastline of England and
Wales are protected to spme extent 0y offshore sandbanks: it may he useful’to set up
either national or regional_research prdjects to examine the historical behaviour of these
banks, in order to determine their influence on the long term flood defence strategy in
those areas (Proposal 5.5).

5.4.2 Nearshore processes

For most flood defence schemes, the environmental conditions predicted offshore are
Influenced to a large extent by various nearshore processes, and a full understanding of
these processes IS therefore” very important. By far the most important are those
Processes which affect the wave conditions at the defences, and the processes of sediment
ransport. Sediment transport is discussed more fully in Section 5.4.3 In relation to the
prediction of the loads and the responses of beaches used as flood defences.
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ﬁ\sc lhhd(ainve]/aves propagate from offshore to inshore they are affected by several processes

friction losses
refraction and diffraction
shoaling and breaking

The available methods for calculating the effects of these processes range from simple
nomographs of refraction and shdaling, to complex mathematical ‘models which
incorporate all of these processes, af least to the extent to which this is possible with
existing knowledge. Shoaling, refraction and diffraction are essentially linear processes
which ‘are well understood, “although methods of modelling them in“areas of complex
bathymetry are still being developed. Friction Tosses and breakmg are hlghly non-linear
Processes Which are not Vet fully understood, and all the availablé model$ use empirical
ormulae for their treatment.

Nevertheless, from the limited amount of data which is availaple, the various methods
a%)e_ar t0 %lve reasonable estimates of the wave he|%hts and Q/e,rlodf at inshore locatjons,
provided t e¥] are used In the appropriate circumstances. Virtually no data has been
available to check on the accuracy of wave direction Predmtlons, which is very important
In sediment transport calculations, For the design of tlood defence structyres’it would be
useful to, develg Pmdellnes for the most apgr%orlate wave transformation methods to
be used in partiCufar circumstances. (Proposal 5.6)

When it comes.to forecasting of inshore wave conditions at a particular site on a roytine
basis, the practicalities depend. to a very large extent on the complexity of the nearshore
Processes Whl%h a\re actuaIIY important at’that site, Where ?nr%/ Ilqear processes are
mportant, It shoyld be possible to derive simple mathematical models or even look-up
tables which would allow the forecast offshore wave conditions to be converted rapidly
into inshore conditions. However when the important processes at the site are non-linear,
more complex mathematical models are required which, on the face of it, would probabl?/
have to he operated as an extension of the Met Qffice offshore wave forecasting model.
Nevertheless, a research project should. be carried out to determine the feasivility of
deriving forecasts of inshore wave conditions from offshore conditions for different types
of inshore locations (Proposal 5.7a).

Considerable research on the actual processes of wave transformation is still pontinuing,
for example as part of the MAST G6-M research project on Coastal Marphodynamics
(mvol\ung research institutes from the UK and 10 other_EuroE)ean countries). However,
there 15 & marked shortage of data to calibrate and validate the new models which are
being developed. Measurements are required of both offshore and inshore wave heights
periods and. directions, at several locations where the various processes have différent
degrees of importance. However the measurements at each location need only be of
fairly limited duration, typically one to two years, Clearly these measurements are likel

to have several uses, and the NRA should collaborate Wwith others to set up a researc

project to carry out the necessary work (Proposal 5.7h).
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54.3 Defence loads and responses

The enormous varigty of coastal and estuarial flood defence schemes can be divided into

hard" and “soft" defences. Soft defences are those which involve substantial or total
utiljsation of natural systems as an mtegoral part of the scheme. Soft defences thus include
such schemes as beach nourishment, each re-cycling, formatjon and maintenance of
saltings and mudflats, formation and protection 0f sand dune belts etc. Hard defences
include the more traditional structures such as seawalls and revetments. Structures such
as groynes and offshore breakwaters are Igenerally,assomated with beach control, and
therefore are usually part of a soft engineefing solution. For canvenience, this discussion
on the loads on flodq defences, and on their'responses is divided into the two subjects
of hard and soft engineering.

As mentioned, soft engineering involves malnl%beaches, dunes, saltings and mudflats. In
particular, tlood grotectlon schiemes hased on the maintenance of adequate beaches have
a wide apfoeal, ased partlly on their ability to dissipate wave energy in a relatively
harmless ‘fashion, and partly to their amenity value. However, in areas where flood
defence has tradltlonall?/_ beén hased on substantial seawalls there is a widespread lack
of confidence In the abifity to predict accurately the behaviour of the beach, both in the
long and the short terms.

In terms of beach desqn It IS Important to Eredlct both the profile and the plan shape.
Prediction of the profile of shingle beaches has been researched extensively in recent
ears throug,h MAFF funding, resultlng in the develtgpment of empirical methods.
lowever, this research has fargely igndred mixed sand and shmgle beaches, or the
situation where a shingle beach is fronted by a sandy foreshore, both of which are_fairly
common occurrences.”Some progress is prasently being made on predicting profiles in
front of a range of seawalls, again for shingle beaches only.

For sandy beaches, there are some methods available in the literature, but there is a
noticeable lack of confidence in their use. Accurate methods of predicting the profiles
of sandy beaches are likely to require considerable research on the processes associated
with cross-shore sediment transport.

Prediction of the plan shape of beaches has been hased so far on_relatively simple
models, which can be used over many kilometres.of coastline and over timespans of many
}/ears. However these models ignore any associated changes in the beach profile, and
herefore are rather inadequatefor predicting short term Changes, or for predicting the
plan shape close to heach control structures.

Recently the NRA Anglian region have been the client for the development of a so-
called “Integrated sediment dynamics model”. This model includes sections to calculate
the changes'to both the plan shape and the profile of the beach, but the two sections are
not fully“Interactive. In other words, changnes to the plan shape and the profile do not
occur simultaneously. This would require the development of a fully three-dimensional
model, in which the’various cross-share and longshore processes are ‘fully described, and
are fully interactive. However, this will require & much better understanding of both, the
hydrodynamic and the sediment transport processes involved, especially for mixed
sand/shiingle beaches, and for beaches with complex profiles (Proposal 5.8].
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Where beach control structures are involved, the basic understanding of their effects on
the hydrodynamics and sediment transport processes is generally rather poor. This is true
not only for the more recent structures such as fishtail of other groynes having diffraction
features at their ends, but also for more traditional timber Or Tock groyies, and for
offshore breakwaters. This means that the design of beach control schemes is still rather
more of an art than a science, and It also means that the exact evaluation of the
cost/benefit of such schemes is not possible.

Further research is necessary to understand these structures, and to develop the methods
for their incorporation into"the mathematical models of the short term and long term
behaviour of beaches (Proposal 5.9). As always however detailed post-project monitoring
will be required to provide the data for the calibration and validation of these models.

From the above it can be seen that considerable research is needed on beach modelling
In order to promote beach mana?ement schemes as an alternative to more fraditional
means of flood defence. The results of this research will be of interest to a wide variety
of ﬁrganlsatl,ons, ana co-fgndlng of the research amongst hoth natignal and Euro1pean
authorities, 1s_likely to pe the most cost-effective “way forward. Twg significant
Rﬁ)portunlues for such collaboration exist at present. Firstly the European Community’s

arine Science and_Technology pro%ramme MAST), whére Coastal Zone Science and
En meerln? 15 3 designated topic. The UK is already well represented in this programme
with several universifies and research organisations part|C|Pat|n In research’ into coastal
morPhodynamlcs and coastal structures. For this research the EC provides up to 50% of
the funding, and the_remainder has to be found from national sources. The NRA could
make a useful contribution to this research, partlcularh{]wlth regard to the interaction
between coastal structures and coastal morphology, which is ndt well covered in the
present lorogramme. It s felt that the NRA should réspond most positively to the current
roPosa for research into this topic which has been put forward to the EC by HR

allingford in collaboration with rqanlsatlons In Spain and the Netherlands. =~
The second opportunity arises from the recent decisiop of the Science and Engl_neerlng
Research Councll EISE Cr) to.fund the construction of a large coastal wave hasin to b
operated as a natiopal a,CI|ItY for research into nearshofe processes and sediment
transpart. Much work of direct relevance to the NRA could be carried qut in this new
basin, including research to develop improved models of beach behaviour, and also
testing of various beach control structures to obtain a much better understanding of the
basic processes involved, thus leading to improved design quidance. The NRA”should
kee_P_ In close contact with this research, and'should be teady to take advantage of this
facility when planning its R & D programme.

Alpart from these possible coIIaborahtlve ventures, there are some more Roracncal a]spects
of heach renourishment schemes which could be investigated by the NRA acting largely
on its own, These include less costly methods of handling and Placm the materials, ‘the
effects of bimodal size gradings in’the replenishment miaterials, and the availability of
suitable sediments (Proposal 5.10).

Over m na/ lengths of the coastline of England and Wales, flooéi defence s either
provided or is greatly enhanced by the présence of extensive widths of saltings and
mudflats. It has been reported that many of these saltings are eroding, but in many cases
the evidence is rather sparse. Thereforé, wherever the saltln?s are_considered to be an
Important component of the flood defences, a programme of routine measurements of
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the wigth and level of the saltings and mudflats should be initjated as soon as dpossible.
Guidelines should be produced on the best methods of otaining this data, and also on
the methods of storing and analysing the data (Proposal 5.11).

In those areas where erosion of the saltm?s Is.known to be occurring, the exact causes
have so far been extremely difficult to determine. Coordinated studies are required bg
a muItldlsuP_Ilnary team t0 investigate the various processes involved in the growth an

decay of sal mgs, and 1 de_veIoE and veri mod%Isforthe gredl tion of theirbehavioyr.
Based on_the Tesults of this research it should be possifle to eveIoP schemes for the
reqene,ratlon of the saltings which are rather more scientifically based than hitherto. Any
field trials of these schemes must include a detailed programme of monitoring - a recent
review of saltings as a sea cefence carrieg out gs |part 0f the current R&D programme
has found that Virtually no data exists on the performance of past regeneration schemes.

Clearly research on salting and mudflats. is an area where collaboration with other
or?anlsatlons Is essential fOr success. Bodies such as English Nature. are known tq be
Inferested, especially if the research includes some aspects of the creation of new saltings
as part of a strateqy of managed retreat of the flood defence line.

There are verY few areas aroynd the coastline of England and Wales where sand dunes
play an important role in the flood defences, and amongst those consulted there has been
no call for further research on their hehaviour. Extensive research has been carried out
b}/ Dutch en?meers, but much of this 15 not relevant to the UK situation, where the
planning controls on development in the dune belt have been very much less restrictive.

Traditionally the flood defences of the coastlines of England and Wales have been based
on hard engineering structures, such as seawalls and revetments. In.many areas such
structures will continue to be necessar%/, and existing structures will need maintenance and
repair. ComQared to soft defences, there is a consSiderable knowledge of the behavigur
of coastal structures. For both seawalls and revetments the fre{)aratl?n of deswin
gm elines has been under way for about three years, and the resulting volumes shoula

e published shortl¥, by CIRIA in the case of Seawalls, and by PIANC in the case of
revetments, Both ot thése guidelines aftempt to summarise the current state of the art,
and they should prove to Be useful references for the NRA’s flood defence engineers.
Nevertfieless some items of research still remain.

For seawalls, considerable information now exists on the overtopping discharges to, be

expected under glven environmental conditions for a wide range of séawall gedmetries,

However, there are some types of seawall for which model tesfs are still the only way of

estimating overtopping. THIS is par_tlcularI%/ frue for seawalls mcorRoratlng wave return

walls, and for seawalls which experience oblique wave attack. For these seawalls generic

r(TE)odeI stlfdéelszs)hould be carried out to develop empirical design methods for overfopping
roposal 5.12).

A second major problem in the design of seawalls is the estimation of the depth of scour
at the toe, which controls the seléction of the foundation level. The review of the
Performance of seawalls, carried out by CIRIA in 1986, showed that und,ermlnln(% of the
oe constituted the most common cause of failure of seawalls. Since that time,
considerable research has been funded by MAFF on toe scour on shingle beaches
fronting seawalls of various designs, and “empirical methods of estimation are now
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available. However further research is necessary to extend this wark to sand beaches, and
to mixed sand/shingle beaches (Proposal 5.13). The existing information for shingle
beaches also needs 1o he published and used more widely.

Where toe erosion is shown to be a serigus problem, some method of toe |_E)rotectlon 1S
required, usuallr involving either a rockfill blanket or a concrete mattress, However, the
dlmensmnl_nﬁ of the toe protection is rather uncertain. Some guidance is given in a report
to be published shortlfy on the use of rock.in coastal engineering, but further research is
necessary to develop firm guidelines on this sub{ect (Proposal 5.14). In a related subject
a rorJect on the found%tl_ons_of rockfill struc alr g 19 |rl<the NRA’s current r? jonal
research pro?ramme, and It is intended to extend this work as part of the national R&D

programme fo all types of armourstone foundations.

A further problem with the design of seawalls is the estimation of the wave impact forces.
Several formulae exist for calculating the forces, but. the results can be substantially
different. Because of the process of air entrainment which takes place in the very violent
zone close to the seawall, model tests at small scale also do not necessarily givé correct
estimates of the forces, Therefore it I likely that progress towards better estimation
methods can only be achieved by large scale model and field measurements. Because of
the cost of such research, collaborafion with other or?anlsatlons IS probably necessarY,
especially in Germany and the Netherlands where Y(fry a% testing facilities dre available
provi

SP[o osdl 5.15). The MAST programme would provide an “opportunity for such
ollaboration.

For revetments, the principal unknowns which_remain concern the stability of the front
face armour. Traditjonal revetments were designed and bujlt usmq the K owledlge and
experience of the local engineering staff, and using locally available. materialS in a
relatively labour intensive operation, Usually the revetments were also built in a relatively
sheltered environment. However with the demise of mexﬁenswe labour, new materials
and new metho?s of construction are b?l_ng used, often with little reliable information on
their future performance. As existing saltings are eroded, many of the revetments are also
now located in a more hostile environment, where their design is more critical.

As part of the current R&D programme, a Ero!ect 0 mvestlcgate revetment systems and
materials, and to examing thelir étfectiveness, aftriputes and costs, IS now unaérway. The
current progect is essentially a review of available information, and to some extent it
duplicates the forthcomm? report from PIANC. For rock faced revetments, firm
quidelines are now availabfe, blt it is Tikely that further research involving mode! fests
and field trials will be required for man%/ of the other armour systems. This is particularly
the case for new systems and new materials, but it maK_aIso aﬁ]pl%to some traditiondl
systems, for_example the grass faced embankments whi

ch for
many estuaries (Proposal 5.16).

e flood defences, in

Grass is also the most common facing for the rear slope of revetments. At present the
design ?mdance for the rear face is extremely general; tor example, it does not take into
account the slope of the face. In many of the countries bordering the North Sea there
are extensive lengths of revetments, and it is believed that resedrch to investigate the
stability of the crest and rear face is underway in both the Netherlands and Dénmark.
Clearly it would be useful if the NRA could participate in this research.
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Qccasionally, offshore breakwaters are used as a direct means of flood defence, rather
than as a means of controlllng beach hehayiour. In the deagn tEJrocess, the wave
conditions in the lee of the bréakwater can be estimated reasonably accurately, but
prediction of the Stabl|l% of the armour ¢an be a problem. This is because all of the
prediction methods assume that the front face of the breakwater extends well above the
water ling. For offshore breakwaters the crest is often close to the water ling, and may
even pe submerged at_extreme hlﬁh water levels. Further research is needed to
|(re)¥gspt(|)g%tle5alr§r)mur stability under these conditions,and to develop design guidelines
sal 5.17).

5.4.4 Climate change

During the past few years there has been considerable discussion and. research
concefning the possible changes to the world’s future climate as a result of the increasing
quantities of the so-called “Greenhouse gases" in the atmosphere. The consensus view,
as expressed in_the reports of the, Intergovernm_e,ntal Panel on Climate Change (IPCC),
I that there will e an accelerating trénd of rising globally avera%ed mean seq levels,
However, there will be slgmflcant regional variations'in this pattern, and there 15 as yet
angt?,rheeement on the ris? in mean sea level which can be expected around the UK
Ine.

In addition to sea levels, several climatological research workers have sug ested that
there will be changes in the wind climate, possibly leading to more severe anid/or more
frequent_storms. Again, however, there Is not yét any agreement within the scientific
community about tfie ma?nltude and distribution of this gtfect. Precise estimates of the
chanﬁes I sea level and storminess around the UK coastline are unlikely to be availanle
for the next ten years or so, despite considerable international research on the subject.
In the meantimethe design of sea defences has to continue.

a) Sea level rise

Although the rise in sea |evel has received considerable. media attention, its direct
Influence on the design and performance of sea defences will in fact be relatively minor
If the current predictions are a Prommately correct. Most_coastal engineers would feel
that It is insignificant compared to all the other uncertainties in the design, However, a
rise in meansea level may cause other chanﬁes which may be more significant in some
locations, For example, increased water depths following a’rise in sea leVel may cause an
Increase In tidal amplitude in some estuaries, leading to significant changes in High Water
levels. On coastlines with a shallow foreshore, increased water depths will aljow larger
waves to reach the sea defences, thus increasing the wave run-up elevation by an amodint
greater than the rise In sea level.

It is not considered necessary for the NRA to contribufe to the maior international
research programmes now underway to predict more precisely the effects of ?reen_hquse
warming, although the NRA should usg its influence to enslire that regional variations

in sea [8vel rise are one of the issues being studied. Instead the NRA should be using its
resources to research the consequential chianges resulting from changes insea level. The
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subjects which should he addressed include:

an assessment of the effect of rising sea levels on the return periods of
extreme water levels (Proposal 5.18)

an assessment of the effect of rising sea levels on tidal propagation in
estuaries (Proposal 5.19)

In both cases studies based on various assumed rises in sea level will be required, and for
several example locations around the coastline. The aim should be to examine the
sensitivity of these parameters to possible future changes in sea level, rather than to
Produce definitive design data. That will have to await'the accurate predictions of the
ocal sea level changes.

At many locations around the UK coastline sea levels have already been rlsmtg_ for man
decades. In parallel with the above research efforts, the existing data bank on Tidal levels
etc. should therefore also be studied, to determine what changes in return periods, High
Water Ievils etc have b%en recorded, and how they relate to the recorded changesin
mean sea level (Proposal 5.20).

b) Storminess

Changes in the frequency and severlt%/ of storms could have a much more significant
effect on the performance of coastal flood defences than would a change in sea level
Again the NRA should use its influence with the Hadley Centre to enisure that loca
predictions of changes in storminess are one of the gutcomes of the internationa
research efforts, Other than an anal¥3|s of the historic records of wind and wave
conditions, it is difficult to see what further research can be done on this s;femflc_sutﬂec
until these more accurate predictions are available. Several studies to ana ﬁ_se historica
trends have aIreadR/| been carrjed ouf (e.g. for the Severn Estualy bg/ HR Wallingford, ang
for the southern North Sea by Halcrow and the University of East Anglia), generall
showing Iarg_e variations from”decade to decade, but with little or no aPparent frend.
Further studies along these lines could be carried out as the need/opportunity arises

¢) Effects on defences

Studies to examine the effects of possible changes in sea levels and storminess on the
Berforman_ce of flood defence structures such as seawalls and revetments have alreadg
een carried out on NRA's hehalf, both by HR Wallingford as part of the R &
Ero?ramme, and by Halcrow as part of the Anglian Region’s Coastal Management Stud}/.
urther generic research (as opposed to site-Specific Stuies) on this sub{ect I probably

not necessary at this stage, pending more accurate predictions of the future.

The effects on soft defences, such.as beaches and saltings, are much more difficult to
determine. An existing project within the R & D programme isto assess the future effect
on beaches, mainly by'an examination of historical cha%e,s and relating these to recorded
changes in sea level and storminess (Proposal 5.21|). IS pro]Ject should be duplicated
for saltings, to compare the behaviour and development of saltings in areas of the
country where sea level is presently rising, with those where sea level’is essentially static
(or possibly even falling slightly) (Propogal 5.22).
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6.  SPECIFIC PROPOSALS
6.1 Research subjects and priorities

Specific research subjects within the headings listed above are shown in Agp%ndlx C.
Priorities have been given on a scale of 1t ,lbemg the most Urgent and 3 the least.
An estimate of the duration of each project has also been given in‘terms of short (1 to
Zhyears), medium (2-3 Yearsﬂ, Iong_g%nore than 3. ear?) o contlnuous.(!t sk“)uld be not%d
that short term projects will give” immediate spin-oft'to the NRA and will generally be
less expensive than the longer'term ones. Costs are based on mid-1991 rates. For projects
where collaboration with dther organisations Is suggested, the quoted costs indicaté the
level of investment which would bie appropriate fiom the NRA.

The table also gives a very brief description of the benefits which would be obtained from
the proposed r?rOJeect. M%)/st of t?we projects which are recommended Wkl)ﬁ lead to

a)  Improvements in the consistency of standards and methodologies applied
) tmgug out the NRA ) gles app

b Improvements.in the quality of service in carrying out all the NRA's flood
) Jgﬁnce actR/tiStles ety ying

¢)  Reductions in the risk of flooding
d)  Savings in the costs of providing flood defences

Some of the projects also provide the information to enable the NRA to evolve its
Pollues reqarding flood defence issues, and to be able to demonstrate the derivation of
nese pohm?s to"the %eneral public. This ag lies p?rgcrlarl to projects involved with
standards of service and to the possible effects of global warming.

6.2 Other recommendations

In addition to the recommendations for research projects mentioned above a number of
further recommendations arise out of the discussion’ In Section 4. These are:

that the NRA should continue to keep track of all research in the field of
coastal and estuarial R&D, and that, In line with this, consideration should
be given to developing a database of past, current and proposed R & D
projects in this field

that the NRA should actively seek out opﬁortunltles for collaboration of R
& D work in this field, particularly with other European nations, with a view
t0 benefltln]g from a wider academic and Practlsm? catchment, and to take
advantage ofthe knowledge gained and data collected from major initiatives
which have been adequatelyfunded

that consideration should be (%iven 0 pr_oducing synthesis reports of the

results of NRA research projects for practising flood” defence managers and
engineers
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REVIEW OF COASTAL AND ESTUARIAL R& D RELATED
TO FLOOD DEFENCE

MAINTENANCE figure 2
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APPENDIX A
External Advisors to NRA on Coastal/Estuarial R & D related to Flood Defence

Terms of Reference

The programme of studies will include the following core activities;
A.  NRA Responsibilities

Reading of background documents to determine how the NRA interpret their statutor
respons?b?lit?es ir? t?]e area of ffood (?e?ence. P d

B.  Areas of Interest

Leading on from (A) above, identification of the NRA’s interest in each area regarding
such itéms as structures, engineering design, data, management and maintenance.

C.  Subject Headings

Development of a comprehensive matrix or network of subject headings to include data,

techniques, procedures etc. and the linkages between them. This is seen as a particularly

Important task as It enables one to place ever}énFé 85 D 1tem In context and {0 assess,ifs
W

Importance and relevance with respect to the state of the art and other on-going
or programmed research.

D.  Assessment of Current Knowledge and Worldwide R & D

A broad appraisal of UK and overseas state of knoyvledge on the relevant subjects, and
the research programmes being undertaken or projected for these subjects.

E.  Determination of NRA Gaps in Knowledge

This would involve determinin?, both the actual and perceived gaps in knowle,dge, which
would result in recommendations. for research or,. in the. Case of imaginary gaps,
identifying where dissemination of information or training might be appropriate:

F.  Determination of Priorities

A review of the recommendations for research, cost/benefit aspects of recommended
Items and assignment of priority.

In carrying out this programme of work, there will be the need for widespread
consultation both within and outside the NRA.
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Reporting:

It is envisaged that there will be three reporting stages as follows:

fL\ brief regor at the end of May, 1991, giving preliminary conclusions on
uture research areas.

A draft final report at the end of August, 1991,
A final report in October, 1991,
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ORGANISATIONS CONSULTED APPENDIX B

Bahtie Dobbie, Mr K Riddell
British Geological Survey, Mr R Arthurton
Bnt]lsh Maritime Techng ogg Mr J Graff
Bullen & Partners, Mr C VI
Coastal Englneerlng Resgarch
Agvisory Committee, Dr P Kemp
Halcrow, Dr C Femln?
v?/draullcs Res&mggnLd Dr S Huntington
\/Ieteorologlcal Office, Mr | Pratt
NRA An Child
NRA Nort West Mr W Rushden, Mr G Noonan
RA Southern, Mr M West
RA Severn Trent, Mr J Fitzsimons
RA Thames, Mrs L Pickles
Posford Duvivier, Mr R Thomas
oudman Oceanographic Laboratory, Dr G Alcock
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Area of
Research

1. Major
Flood Defence
Issues

Project
Umber

1.1

1.2

1.3

APPENDIX C

Review of coastal and Estuarial R & D Related to Flood Defence Proposed Future R ftD Projects

Proposed Project

Development of nationally consistent flood
defence procedures, building on generic aspects
of completed regional projects (where
applicable), and development of a broad R&D
framework consistent with this.

Definition of requirements for production of
design codes, manuals and guidance notes.

Definition of requirements for post-project
appraisals for flood defence schemes, and
guidance on implementation procedures.

Priority Time Estinated Benefits
Scale Cost
(E's x
1.000)
1 Hediun 40 Improved consistency of approach to flood defence

schemes. Improved co-ordination of R & D

1 Long 15 Improved consistency in design and project
evaluation. Higher quality of design, hence reduction
of risk. Fairer competition between consultants.

1 Short 40 Improved evaluation of the actual benefits of
implemented schemes. Early detection of poor
performance and subsequent savings from improved
techniques.

Total Costs 95



2.

Area of
Research

Improvement

Project

Nuriber

2.1

2.2

2.3

2.4

2.5

Proposed Project

Defining standards of service for protection
against estuarial and coastal flooding, taking
into account different types of flood event and
consequences of these.

Development of guidelines for the treatment of
conservation issues in flood defence works.

Development of guidelines for the use of
probabilistic design methods in flood defence:

a) Identification of possible inodes
of failure for hard defences

b) Identification of parameters causing
failure in soft defences

c) Collection of data to assist in the
prediction of joint probabilities of
concurrent extreme events (Joint
funding?)

d) Development of probabilistic design
procedures

Analysis of past defence failures and development
of methods of predicting inodes and severity of
failure, particularly for soft defences.

Production of detailed coastal maps to facilitate
the prediction of flood damage resulting from sea
defence failure or overtopping.

Priority

Tiae

Scale

Short

Hediun

Long

Short

Long

Estimated
Cost
<E£"s X
1.000)

20

80

200

60

200

Benefits K

Demonstrably consistent standards of service across
the country and interpretation of these.

Consistent approach to the consideration of
conservation issues.

Accurate assessment of the probability of failure,
and of 1its consequences. Usually leading to more
cost-effective schemes (less conservative).
Proposed project for 1992/93

Accurate assessment of the degree of damage to the
defences, hence allowing more accurate assessment of
flood damage. Eliminates the usual assumption of
total damage if the design loading is exceeded.
Proposed project for 1992/93

Allows detailed assessment of the areas at risk,
based on possible flow paths. Eliminates the usual
assumption that all ground below a certain elevation
will be flooded.



2. Improvement 2.6 Further research on cost/benefit methods for

(Continued) flood defence schemes, including:
1 Hediun 40 Enables far more realistic comparisons to be drawn
a) Development of standard methods between different flood defence options. Allows
of evaluating "whole life better planning of maintenance and repair work.

costs" of defence schemes with

improved assessments of

maintenance costs for both hard

and soft defences. 2 Medium 80 Enables realistic comparisons to be drawn between

benefits of hard and soft engineering solutions.

b) Development of straightforward

methodologies for assessing the

conservation and amenity

benefits of flood defence 3 Medium 120 Provides more accurate assessment of agricultural
schemes values, and allows accurate assessments to be made of
the economics of coastal retreat as an option for
c) Updating of methods of valuing flood defence

agricultural land, taking into
account changes in the EC Common
Agricultural Policy, and also in
the context of managed coastal
retreat, including investigation
of political and legal
mechanisms for compensating land
and property owners.

Total Cost 800.00



Area of
Research

3. Maintenance
and Repair

Project
Mistier

3.1

3.2

Development of routine methods of establishing
Standards of Service of existing structures by

Proposed Project

back-analysis.

Development of a nationally consistent philosophy
for maintenance and repair of flood defences,

including:-

a)

b)

©)

d)

Development of standard methods
of evaluating the
characteristics of discrete
lengths of existing defences.

Development of condition coding
for coastal defences taking
account of both physical
condition and engineering
integrity.

Development of guidelines for

assessing the remaining life of
a structure, based on o detailed
analysis of existing structures.

Extension of the work on
prioritisation and programing
of flood defence maintenance and
repair works into the coastal
sector.

Priority

Time
Scale

Medium

Medium

Short

Medium

Short

Estimated
Cost
(£°8 X
1.000)

25

40

40

60

40

Benefits

Allows the Standard of Service of existing structures
to be evaluated efficiently and consistently
throughout the regions, prevents the proliferation of
differing analytical techniques, thereby saving cost
and making comparison easier.

Improved efficiency and consistency in developing a
maintenance policy for long stretches of coastline.

Makes condition coding more consistent and useful as
a guide to the need for maintenance.

Fills in an important gap in the economic analysis
procedure for evaluating the best maintenance

philosophy for a particular type of defence. Could
lead to significant savings in capital expenditure.

Improves the decision-making process and will lead to
more rational distribution of funds to maintenance
projects.

Builds on previous work on river maintenance.
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3. Maintenance
and Repair
(Continued)

3.3

3.4

Development of rapid and effective methods for
the routine monitoring of the condition and
behaviour of defences, including:-

a)

b)

Methods for data collection of 2
environmental conditions and

behaviour of defences during

extreme events.

Methods for detecting
deterioration of the internal
fabric of sea defence structures
by non-destructive methods.

Extension of the existing programne of research
into the repair of flood defences, including such
items as:-

a)

b)

The maintenance implications of
new designs, economies of scale
etc. 1

Establishment of a data base of
maintenance and repair costs for
a wide variety of different
types and costs of defence
structure.

Total

Medium

Long

Short

Medium

Cost

60

80

25

60

430.00

Improves the quality and usefulness of data collected
and provides more data for the study of the behaviour
of structures during extreme events.

An essential component to give confidence in the
evaluation of condition of certain types of
structure. Feeds into Proposal 3.2c in certain cases.

Cost savings in future repair and rehabilitation
works.

limproved confidence in the results of cost-benefit
analysis involving the whole life costs of schemes
(Proposal 2.6a). Possible short term spin-off in
terms of improved data for selection of alternative
defence schemes.
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Area of
Research

4. Emergencies

Project
Niafaer

4.1

4.3

4.4

Proposed Project

Definition of input requirements for analysis of
emergency scenarios and required resources.

Development of procedures for relating real time
predicted environmental conditions to site
specific emergency situations.

Assessment of effectiveness of warning systems
and development of cost-benefit techniques for
assessing their value.

Development of guidance notes on practical
emergency engineering measures for repairs to
breached defences.

Priority

Total

Tine
Scale

Short

Long

Mediun

Short

Cost

Estimated
Cost
(E»s *
1.000)

20

80

40

40

180.00

Ensures
will be
thereby
reduced

Enables
similar

Benefits

that the output of other research projects
suitable for future research into resources,
enabling research to be carried out at
costs.

the improved outputs of STUS model and
to be used to predict local emergencies and

hence warning reliability and response will be
enhanced.

Leads to cost savings where it is found that warnings
are of little use, and will make the warning system
more cost-effective.

More effective temporary repair techniques and less

wastage

of emergency funds on ineffective operations.

Proposed project for 1992/93



Area of
Research

5. Scientific
analysts.

Project

Hunter

5.1

5.2

5.3

5.4

5.5

Proposed Project

Establish procedure and methodology for collation
of data on tides and water levels from both
national and local gauge networks in specific
regions.

Development of joint funding of storm surge model
in specific areas to provide more localised
predictions, e.g. in important estuaries.

Support to MAFF initiative to extend tide gauge
recording programme to include wave recording.
Need for NRA to link into this progranme wherever
feasible.

Refinement of Met. Office offshore wave
forecasting model to include inshore wave
transformation component giving more localised
forecasts on a routine basis.

Development of national or regional programmes to
examine offshore sediment regimes and the
historical behaviour of sandbanks.

Priority Tine
Scale

1 Short
1 Med iun
1 Median

1 Long

3 Long

Estimated
Cost
(E"s x
1.000)

10

210

237

230

120 per
regional
study

Benefits

Improved estimates of local tide and surge levels,
valuable for strategic planning of flood defences.

Inproved forecasting of local surge levels, giving
better warnings of flooding.

Ongoing project.

Improved forecasting of local waves, giving better
warnings of flooding.

Allows better understanding of regional coastal
processes, giving estimation of future behaviour of
sandbanks, hence of degree of wave exposure at the
coastline.
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5. Scientific
analysis
(continued)

5. Scientific
Analysis
(continued)

5.6

5.8

5.9

5.11

Further research and development on methods of
transforming offshore wave conditions to inshore
sites, including:-

a) Development of guidance notes
describing existing methods and
their range of application.

b) Determination of the feasibility
of deriving forecasts of inshore
wave conditions from offshore
conditions for different types
of inshore location.

c) Collaboration with others to set up
measurement programmes for collecting
data on offshore and inshore wave
conditions for calibration and
validation of wave transformation
models.

Further research into the understanding of
hydrodynamic and sediment transport processes
associated with mixed sand/shingle beaches and
beaches with complex profiles, to provide input
to a fully 3-dimensional beach model.

Further research into the behaviour of beach
control structures and development of methods of
incorporating them into models of short and long
term beach behaviour.

Investigation of less costly methods of beach
replenishment, including methods of handling and
placing materials, effects of bimodal size
gradings and availability of suitable materials.

Development of guidelines for, and initiation of
programmes of, the monitoring of saltings and
mudflats. Storage and analysis of data obtained.
Possible co-funding with conservation
organisations.

Generic model studies to develop empirical
methods for assessment of overtopping of
seawalls, with particular reference to oblique
wave attack and wave return walls.

Short

Short

Long

Long

Long

Hediun

Long

Medium

20

40

80

80

220

40

200

85

Consistent application of best and most appropriate
technology.

Calibration and validation of new and improved
inshore wave transformation models and possible
forecasting techniques associated with these, giving
more economic methods of forecasting and more
reliable modelling methods.

Better and more confident predictions of the long
term behaviour of soft flood defence schemes.

More scientific design of beach control schemes.
Better and more confident prediction of the long term
behaviour of beach management/nourishment schemes.

Ongoing project.

Collection of hard data on behaviour of saltings.
Allows better understanding of existing behaviour,
and enables estimates to be made of future behaviour.
Important for strategic design of flood defences.
Research proposed for 1992/93

More accurate assessment of performance of wide range
of existing seawalls, without recourse to expensive
model tests.
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5. Scientific
analysis
(continued)

5.12

5.13

5.14

5.15

Further research on the toe erosion of seawalls,
including:*

a) Development of methods of predicting
depth of erosion on sand and mixed
sand/shingle beaches, and the
dissemination of existing information on
shingle beaches.

b) Development of guidelines on selection
of appropriate toe protection materials
and design of schemes incorporating
them.

Collaboration in international research to derive
better methods for the structural design of
seawalls and revetments, including:-

a) Improved methods for estimating wave
impact forces on seawalls.

b) Model testing and field trials of
proprietary and other methods of
armouring revetments, including the
assessment of grass-faced slopes.

Possible collaboration with Dutch, Danish and
German Authorities.

Research into the stability of armouring of
offshore breakwaters.

Continuing research on the effect of rising mean
sea levels oh design water levels, including:*

a) Sensitivity analysis of the effects on
the return periods of extreme water
levels.

b) Sensitivity analysis of the effects on

tidal propagation in estuaries.

c) Assessment of historic trends in tidal
parameters, and determination of their
relationship with mean sea level trends.

Median

Short

Mediun

Long

Short

Short

Mediim

Medium

200

40

80

80

85

40

130

80

Better prediction of toe scour. Encourages better

design of hard defences, hence less repair costs.

Allows interactions between existing hard defences
and proposed soft defences to be evaluated.

Encourages application of best and most appropriate
technology.
Relates to ongoing project on armourstone foundation.

More accurate assessment of wave forces on seawalls,
taking account of the dynamic response of the wall
and its foundations.

Selection of the most cost-effective methods of
revetment re-construction, based on non-commercial
research.

Development of more cost-effective methods of
offshore breakwater construction.

Assists in establishing design criteria and scheme
benefits. Proposed project for 1992/93.

Better understanding of climate change effects in
estuaries, and hence of implications for flood
defence levels.

Provides data on past behaviour, and gives indication
of possible future trends.



5. Scientific
Analysis
(continued)

5.16

Assessment of historic changes in beach 1 Long
conditions, and their relationships with changes
in mean sea level and storminess.

Assessment of historic changes in saltings, and 1 Long
determination of their relationship with changing
climate.

Total Cost

included
5.11

2,307.00

in

Ongoing project nearing completion.

Better understanding of the effects of climate change
on saltings.



