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THE THEME

Reservoir Renovation is a broad theme, reflecting increased interest
being shown in the complex problems associated with the continued safe
operation of a stock of dams whose average age is almost 100 years,

The theme of the Symposium is of special interest to engineers in water
authorities, inspecting engineers, supervising engineers and engineers
working with the enforcement authorities, and all who are employed in or
have- an interest in the design, construction and operation of reservoirs.

THE EVENT
The Symposium was directed towards all engineers involved with old dams
and those actively employed by the universities, the enforcement

authorities and government.

The Symposium was intensive, with eight Technical Sessions concentrated
into two working days.

The themes selected for the Technical Sessions were

Technical Session 1 'Enforcement'

Technical Session 2 'The Supervising Engineer'

Technical Session 3 : 'Renewing and Updating Drawoff Works'

Technical Session 4 'Overflow Repairs and Extensions'

Technical Session 5 'Instrumentation and Drainage of
Embankments'

Technical Session 6 : ‘'Embankment Deterioration'

Technical Session 7 : 'Gravity Dam Deterioration’

Technical Session 8 : 'New Materials for the Renovation of

Dams and Reservoirs!

The prestige lecture - the BNCOLD Lecture 1988 - was given by Dr D J
Coats CBE BSc FEng FICE FIWEM FGS FASCE, and was entitled 'The Concerns
of a Dam Engineer'.

On the third and final day attention was focused on selected local dams,
participants visiting Winscar & Longdendale with a supplementary visit
being offered to Haweswater.
SYMPOSIUM STEERING GROUP
The Symposium was organised by a Steering Group

R M ARAH MA DIC FICE MIWEM

A K HUGHES - BSc PhD CEng MICE MIWEM MBIM
A I B MOFFAT RD BSc CEng MICE FGS



PREFACE AND INTRODUCTORY NOTES

The theme of reservoir- renovations was endorsed by the British National
Committee on Large Dams late in 1986. :

The interest in the theme proved to be much greater than originally
anticipated and led to 36 Papers being presented before over 260
participants. It was particularly gratifying to note that some 20
overseas guests attended, representing a span of countries from Eurcope to
the Far East and on to the Americas.

The Symposium proved to be a lively and stimulating affair, not least to
the members of fthe Symposium Steering Group. Credit for this must rest
with the Authors and Session Chairmen who contributed so much to the
success of the eight Technical Sessions, and also with the participants
who so actively involved themselves in discussion, formal and informal.

I would like to record my appreciation fto my colleagues on the Steering
Group, Messrs Arah and Moffat. I would especially 1like to thank
Mr R M Arah for his assistance in editing the discussion ceontribution and
Mrs E M Upton for her wvaluable assistance in <typing the Discussion
Document. Thanks are also due to Mrs G Arah and Mrs S C Hughes for their
assistance with the Ladies' Visit and for their patient help with so much
of the preparation.

The reports and discussion material presented in these Proceedings are
based on tape recordings of the Technical Sessions. Editing of the
recordings has been necessary but has been kept to 'a minimum and every
care has been taken to provide an accurate account of what was said.

Many participants illustrated their contributions with the aids of

slides, diagrams and other visual aids. Where this was the case the
symbol 8 appears alongside a necessarily edited version of that
contribution. In almost all cases Authors made a short presentation

(5 mins). Comments which highlighted the main issues contained in their
papers have been included in the discussions where they were not included
in the Authors' papers.

A detailed Index for each Session immediately precedes the Papers
presented in that Session. A list of participants, giving details of
their affiliation and, where appropriate, of their contribution to the
Symposium, appears at the conclusion of this volume,

The Editor apologizes for any inaccuracies of which he may inadvertently
have been guilty.

Dr A K Hughes
November 1988




Note

Al}l authors were allowed time for presentation of their paper
prior to opening the session to discussion. These presentations
have not been reported in the discussion documentation.

Unfortunately some authors were unable to meet the deadline set
by the Editor for written contributions and answers.

~
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BNCOLD LECTURE

INTRODUCTION BY E T HAWS (Chairman of BNCOLD)

David Coats graduated in Civil Engineering from Glasgow University in
1943 and was awarded an Honorary Doctorate by his Alma Mater in 1984.
The intervening time started with four years with REME, mostly in India
and Major Coats received his C-in-C's commendation. David joined Babtie,
Shaw & Morton in 1947 and has been with them ever since. He held the
Senior Partner position between 1979 and 1988, only recently
relinquishing the Chief Executive's role for that of Senior Consultant.

His early hydro-electric design years were quickly followed by site work
at Glenshira and the ER post of Attnalareigh. He soon moved south to the
Babtie London Office, where he looked after a shipyard at Lowestoft and
report work, hefore joining a partnership in 1962. Returning to Glasgow
in 1963, he loocked after numerous projects, including the Llochinvar Dam,
Loch Tonn tunnel outlet, the modernisation of lighthouses in Sri Lanka,
Spanander Dam and Coursehouse dam until, in 1971, he became Senior
Partner in the Water Division. From there, and his Senior Partner
positieon, he had overall responsibility for the Kielder Water Scheme, on
which subject he published 7 of his 14 technical papers and won the
Telford Medal of the Instutition of Civil Engineers. This project
involves Kielder Dam itself, Airy Holm Dam and Bakethin Dam. David is a
member of Panel AR under the Resevoirs Act of 1975, following his old
Panel 1 membership. He has carried out numerous associated inspections,
and is construction engineer under the Act for the reconstruction of
Carsington.

Among his Fellowships, David counts those of the most prestigious
Fellowship of Engineering, and the Royal Society of Edinburgh, along with
5 major institutions. He has been Chairman of the Association of
Consulting Engineers and is a Vice-President of the Institution of Civil
Engineers. He has provided services and leadership to ACE and ICE,
varticularly in Scotland, and has been on steering committees of TRRL,
BRE, the Fellowship of Engineering and his old University.




BNCOLD LECTURE - 1988
THE CONCERNS OF A DAM ENGINEER

DR D J COATS CBE FEng FRSE

SYNOPSIS

The work ‘'concern' has at least three meanings (a) anxious or ‘of
concern' (b) responsibility as in 'that is your concern' and (¢) a
business organisation. The preparation and practice of a dam engineer is
discussed with this as a background, and issues pertinent to the present
time of changing attitudes, well-meant controls or restraints and rapidly
expanding technical knowledge raised.

INTRODUCTION
i. I was honoured and indeed flattered to be asked to deliver this
lecture bui, on reflection, foolish to accept. Perhaps it is my

connection with Carsingten Dam that prompted the invitation since the
theme of this Conference is Reservoir Renovation. You are all aware that
this dam failed during construction in 1984 and that a contract for its
reconstruction is at present out to tender. The original design and new
profile are shown in Sketch 1. The reasons for the significant changes
might be of interest, but perhaps that should be 1left for another
occasion. However, this. set me thinking about cther earth dam failures
and the modifications adopnted. )
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original section

modified section

SKETCH 1 - CARSINGTON DAM




2. Chingford which failed in 1937 (1) sprang to mind. The original
section and revised design is shown in Sketch 2.

original section

|

e 10 20
modified section —_ L I
SYEICE 2 - CHIKGPORD DAM
3. Nearer home, as far as I was concerned, was Muirhead Dam which

failed in 1941 (2). The original section and modified design are shown
on Sketch 3. :

original section

modified sectian f 2 e

SKETCH 3 - MUIRHEAD DAM




4, Now at the time Muirhead failed, another dam of almost identical
design was being constructed just 5 kilometers away at Knockendon and it
-was modified to ensure that it did not fail also. To remind myself of
these modifications I had to refer to the paper by Mr Banks in the 1952
Volume of the ICE Procesdings (3). The original design and modified
profile are shown on Sketch 4.

original section
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SEETCH & - KNOCKENDON DAM

5. I introduce these sketches simply to gain your attention! It is
not my intention to discuss them no matter how interesting a comparison
of the remedial measures adopted might be. I simply use them as a
lead-in to the 1952 Volume of the Proceedings of the Institutions of
Civil Engineers.

THIRTY-SIX YEARS AGO

€. The 1952 Volume was a revelation. In addition to the Knockendon
paper by Banks it alse included Fulton on Civil Engineering Aspects of
‘Hydro-electric Development in Scotland; Harding on The Progress of the
Science of Soil Mechanics in the Past Decade; Crump on a New Method of
Gauging Stream Flow; FHowe on Anchored Sheet-Pile Walls; Scott on a New
Method of Tunnelling in London Clay and Rodin on Pressure of Concrete on
Formwork -~ to mention only 7 of the 22 papers. There was also a report
from the Glasgow and West of Scotland Association which referred to a
student paper on ‘Fish Problems on Hydro-electric Schemes' by M F
Kennard. It must have been quite a year!

7. These papers seem to encapsulate the atmosphere which I breathed
when 1 became chartered in 1951 and started me wondering about changes
since then.



8. Harding's paper was the 58th James Forrest Lecture and he
included the following in his conclusions:-

'When young engineers first read our Proceedings they
may feel that they draw little benefit from them. It
is only after amassing some eXperience +that the
searcher can see the real wealth of information and
value which they contain. The small points in odd
Papers add up to a considerable body of fact. They are
the work of many minds, and contributions to a
discussion, by recording or confirming an experience,
can add to the vast accumulation of knowledge which can
only be glimpsed by those with the time, interest and
experience to delve into the older Papers of
predecessors',

9. I am only Jjust appreciating the wisdom of that remark and I
commend to younger engineers the practice of delving into the older
papers of our predecessors to a greater degree than I have done, :

10. Considering the modified profiles of the unfortunate dams to
which I have drawn attention and thinking about other dams it occurred to
me that whereas the materials used and the forces and conditions that
must be taken into account when designing most works have changed with
time, those applying to dams' have not, although our understanding of them
has improved. Roads and bridges have now to be designed for much greater
loadings than previcusly because of heavier vehicles; a higher quality
of supply is required from water treatment works; the standard of
effluent from sewage treatment works must be better than in the past;
ships, industrial plant and required cranage have changed so that loads
on the structures of industrial and marine works have increased;
man-made materials used in many structures have changed as new products
are introduced; and so on, whereas winds and rainfall are the same as
they always have been, the incidence of earthquakes has not materially
altered, water has the same density as before and gravity is as Newton
found it. These are the forces applying to dams, and, as far as earth
dams are concerned, the materials used are natural materials which, by
definition, do not change.

11. The changes that have affected the design of dams have been
improvements in understanding which not only allow us to use materials
previously considered inappropriazte and to build dams to heights and at
locations not contemplated in the past but alsc has brought home to us

the unexpected behaviour of materials, This understanding combined with
a desire for increased safety has made, or should have made, our designs
more and more conservative - a feature not always shared by other types

of works, It's a thought I leave with you.

12. For the moment I must emphasise that, in my view, dam engineers
probably have more need of insights from researchers and the benefits of
the experience of others than those in many other branches of civil
engineering. It is for this reason that Conferences such as this are so
important. To quote further from Harding's paper in the 1952 Volume:-




'Let us hope that many more (papers) will be presented,
for it is only by the combined efforts of all its
members that our great profession can expand its .
knowledge to the use and convenience of man.'

13, Garth Watson, the former ICE Secretary, tells us (3) that in
early 1818, twelve weeks after the founding of the Institution, it was
agreed that 'every member shall produce at least one original essay in

the course of each session'. There were eight members! On becoming
chartered I had signed an Iimportant undertaking to the effect that I
would ' in the course of my professional career endeavour to present to

the Institution an original paper or contribution relating to engineering
science or practice'. So the tradition had continued in a modified form
and it is interesting to note that in 1952 three future Presidents -
Harding (1963), Banks {(1965) and Fulton (1969) - fulfilled their
obligation. If the ICE List of Members is to be believed, only half of
the ten most recent Presidents has had a paper published in the
Proceedings before becoming President. Does this suggest +that the
Institution is paying a reducing regard to its learned society role? If
80, others must step into the breach.

14, Certainly opportunities to discuss technical matters under other
auspices have increased enormously in regent years with ICOLD and BNCOLD
taking a leading recle in relation to dams. The Transactions of ICOLD
Congress are a mine of information as are ICOLD Bulletins in connection
with which BNCOLD members have made valuable contributions.

15, But let me return again to the papers in the 1952 volume and to
those of Harding, Banks and Fulton (as it happens, a contracter, a
consulting engineer and a client's engineer) in particular.

16. Harding explained that 'the practical applicaticon of soil
mechanics reguires a compromise between the methods of the exact sciences
such as The Theory of Structures, and those of the empirical ones, like
geology'. This need to marry theoretical considerations with experience
is certainly true, in my view, in dam engineering as a whole but how is
it to be achieved and to what extent can it be achieved in an
individual? Considering the present state of knowledge, the rate at

which such knowledge is being expanded, and the restricted opportunities

for experience on dams, what should be the preparation of a dam engineer?

17, When considering the failure of Muirhead in 1941 Banks raised
the question 'as to whether or not the greatly increased rate of forming
the embankment had a bearing on the movement that developed’' - an aspect
also reflected upon when Chingford failed. He collaborated with Building
Research Station and pore pressure ohservations were made at Knockendon
(I believe for the first time at a dam in Britain) using perforated steel
tubes driven into the fill, This good example of collaboration between
consulting engineer and research organisation has been followed on many
occasions and in happier circumstances since, and raises the question for
us today of what should be, or can be, the relationship between
practicing engineers and researchers?



18, Fulton's paper was presented at a time when virtually all of the
conventional hydro-schemes that were ultimately built in Scotland had
been identified but, on the basis of anticipated output, only 20% were in
operation, 26% were under construction, 10% promoted but not yet started
and 44% at the survey or under promotion stages. These schemes
represented under half of the potential economic power output in the
Scottish Highlands. However, economic concepts seem to change. I like
the story of the chap who visited his old university after 30 years and
who was shown a recent examination paper in Economics. He saw that the
questions were almost exactly the same as those in his final examination
paper but he was told that the correct answers were quite different.
Short term economic considerations effectively put an end to further
hydro development in Scotland although those, such as myself, who greatly
benefited from working on schemes in the 1940s and 50s wholeheartedly
supported Frank Johnson when he advocated (5):

'A long term programme of steady development of our
remaining hydro resources since this is a fully proven,
indigineous, benign and very attractive source of
power, combining it with pumped storage wherever
possible!'.

19, At one point in his paper Fulton said there were fewer
examples of novel civil engineering design in the Scottish schemes than
in other countries. This surprised me because a large number of

different types of concrete dams were eventually constructed including
the Allt-na-Lairige prestressed concrete dam with which I had the
privilege of being associated; fly ash and Trieff cement were used;
flexible concrete core walls were incorporated in earth embankments and

"a number of other newish techniques employed. However, it was
refreshing to be reminded of a client who obviously wanted to try new
things! The present climate would seem to be epitomised by the recent
article in an American periodical entitled 'Don't innovate - it ‘is
dangerous"'.

20. Fulton's paper also demonstrated the engineer's interest in

and responsibility for, not only engineering including non-civil
engineering, matters but also eccnomic, social and amenity aspects -
all of which are being given increasing importance, and rightly so,
today. Can or should engineers be c¢redible in these related fields and
how can the indisciplinary nature of our industry best be nurtured?

21. With these questions in my mind I decided to consider in this
Lecture the preparation and practice of a dam engineer. In my chosen
title 'The Concerns of a Dam Engineer' I was conscious that the English
word ‘'concern' has at least three meanings. {a) anxious or ‘'of
concern' (b) responsibility as in 'that is your concern' and (¢} a
business organisation.

UNIVERSITY EDUCATION

22, As 1 entered my second year at Glasgow University the nearby
Muirhead Dam failed. There was no direct connection and I was not
aware of the failure at the time. William John Macgquory Rankine had
been Professor of Civil Engineering at Glasgow from 1855 to 1872 and it




was he who was instrumental in introducing a degree in science in any
department of study. Rankine's own university education at Edinburgh
was in Chemistry, Natural History, Botany. and Natural Philosphy and, as
his one hundred and eleven published papers show, his interests
included thermo-dynamics, elasticity, hydrodynamics and shipbuilding as
well as the stability of masonry dams and earth pressure theory. He
was involved with the promotion of the Loch Katrine Scheme and he also
found time to entertain at the piano and to command a volunteer
regiment! I am indebted to Hugh Sutherland for all this information
(6) and I introduce it to illustrate the broad antecedents of civil
engineering at my old University.

23. My own degree course was not quite so wide ranging but it was
broadly based and thereafter I spent four years in electrical and
mechanical engineering of a military nature. This may have made me a
'jack of all trades and master of none' but, hopefully, it left me with
an understanding of the inter-relationship between different facets of
engineering and with the tools to develop. This must surely be the
purpose of education. I was anything but the complete engineer (and
may have deteriorated since!) and I view with suspicion any academic
who sets out to impart to students all the knowledge that he will
require in his future career.

24, There is much debate at present as to what a budding civil
engineer should be taught. Some say that there has been too much
teaching of engineering science and not enough teaching of engineering
design. Sir Alan Harris seems to take this view as does Sir Donald
McCallum of Ferranti who said earlier this year(7):-

'The techne of technology comes from the Greek word for
act and there can be no art without action. Art is not
all intellectual activity on its own. Until there is a
product we can see or hear or touch it has no value.
Analysis and thought alone do not produce a painting,
compose and perform a symphony or produce a statue.
Neither do they produce a building, a bridge, an
atrcraft or a computer. The future for successful
education for industry must help to generate in the
student the successful combination of thought, decisien
and action'.

25. Others would add into the university training of engineers
related but non-engineering subjects which would no doubt be most useful
but which could either extend a course to impossible lengths or dilute
the engineering content. One of these is management education. Sir
Terence Beckett, lately of CBI, said recently 'the basic requirements of
education of literacy and numeracy should be added to them what was

called operacy, the art of getting things done'.



26. Our current President of ICE is fond of saying that construction
is a management intensive industry but in my experience, civil engineers
in particular are disparaging of management theory. On reflection I
certainly would have benefited by more and earlier understanding of
management, which is the art of making things happen, but I can recall
approaching a lecturer when I was a student on this matter to be told
that, in his view, students in the engineering faculty . were not
management material because we always had difficulty in getting someone
to act as secretary of the Engineering Society! Certainly, there are
some who want teaching in management because they want the status of
manager but have ne inclination to make things happen.

27. I think that there are similarities between management education
and health education. There are some who are naturally healthy; others
who keep their health by observing the rules learned at their mother’'s
knee; others who are fortunate enough to have someone keeping an eye on
them; and cthers who have to take great care of their health. But all
would benefit (possibly to different degrees) by an understanding of how
the body works, what causes disease and how and why certain techniques
can be helpful. These are not learned by experience but from those who
have studied medicine. I leave you to identify the management
counterparts. There are, of course, management hypochondriacs who must
try the latest techniques whether or not they are needed, and there are
occasions when one must c¢all in the doctor.

28. With so much desirable knowledge, both technical and
non-technical becoming available, a re-think of the content and pattern
of our formal training became essential. We have heard from Chilver,
Finniston and others and now The Engineering Council is proposing a new
generalist engineering degree, presumably to provide the foundation for a
variety of more specialist second degree courses. This 1is wvery
reminiscent of the old Scottish pattern for Lawyers and Ministers who
graduated in the Arts before studying Law or Theology. This excellent
pattern foundered on the rock of availability of student grants. it
would be nice %o think that this hazard is now removed for I can see
advantages in a required two-stage approach to engineering tertiary
education where the first stage is breader than the present Bachelor
degree and the second stage less narrow than the present Master's degree.

RESEARCH

29. No matter how extensive a professional engineer's formal
technical education may have been he is required to keep up to date.
Lord Bingham, one of the Appeal Judges on the Abbeystead case, reminded
us of this in his {unfortunately minority) judgment when he said:-

'A professional man should command the corpus of
knowledge which forms part of the professional
equipment of the ordinary member of his profession. He
should not lag behind other ordinarily assiducus and
intelligent members of his profession in knowledge of
new advances, discoveries and developments in his
field. He should .have such awareness as an ordinarily




competent practitioner would have of the deficiencies
in his knowledge and the limitations on his skill. He
should be alert to the hazards and risks inherent in
any professional task he undertakes to the extent that
other ordinarily competent members of his profession
would be alert. The standard is that of the reasonable
average. The law does not reguire a professional man
that he be a paragon, combining the qualities of
polymath and prophet'.

30. In that connection, I was interested to note that, whereas the
subject of Question 59 discussed at the Lausanne Congress was
'‘Rehabilitation of Dams to ensure safety', Raymond Lafitte, the General
Reporter for this Question, reported at the c¢losing ceremony that the
Question was 'concerned with the rehabilitation of dams in order to
enhance their safety'. But the obligation of keeping up to date is an
onerous one. In 1939 Terzaghi wrote (8):-

‘At the beginning of the century the engineer was
entitled to consider the misbehaviour of his structure
as_a deplorable ‘act of God' and he was able to justify
his claim by producing textbooks containing the essence
of the knowledge of contemporary authorities. However,
as soon as some members of the profession acquire the
capacity for predicting a phenomenon with such a degree
of precision as is shown, in many published records,
the phenomenon ceases to deserve the title of an 'Act
of God'. The same holds true for the effect of pumping
on structures adjoining a well, for the failure of
underpinning operations +to accomplish their purpose,
for the failure of earth dams, and for many other
phases of practical earthwork engineering. Today there
is still some justification for the excuse that the
methods for dealing with these problems are new and
therefore only familiar to a small group of
specialists. One cannot blame a physician in New
Orleans for having failed to save the life of a patient
by means of a method which had recently been developed
in the Rockefeller Institute in New York. This excuse,
however, will certainly not hold for ever, and the time
is approaching when the Courts will decide against the
designer who refuses to take notice of the existence of
soil mechanics'. '

31. Scil mechanics is now,. of course, in the text books but so much
more is being revealed almost daily that it is sometimes frightening to
consider what other ordinarily competent members of our profession would
claim to be common knowledge. A plethora of learned papers and ‘articles
by academics, researchers and practitioners is too much of a good thing
and presents a problem, which is discussed at some length in a recent ICE
Report which suggests that it has the ‘'effect of recycling undigested
material' (10]}. CIRIA (9) feels that busy professionals need to have
trusted but up to date guides to best practice in their intellectual tool
kits', BRE are anxious to help with their Technical Consulting Service,
DoE are sponsoring the production of Guidance Notes and ICOLDP produces
excellent state-of-the-art Bulletins. Others go further and seek Codes
of Practice, and on this I must comment in relation to dams.




32. Referring to the Code of Practice-on Site Investigation, Harding
(1952 again) wrote:-

'It is as well that such Codes are only permissive, for
much damage can be caused to the profession and to
industry by ill-informed lesser officials relying
blindly upon a Code without the knowledge to apply it
with discretion -

'But man, proud man,

Drest in a little brief authority,

Most ignorant of what he's most assur'd

His glossy essence, like an angry ape,

Plays such fantastic tricks before high heaven
As make the angels weep.'

and a typical Alan Harris's explosion reads (11):-

'The fences built to contain innovation are what we

call Codes. Now Codes as such, the summarising by
experienced engineers of sound practice in a mature
technique, are wholly praiseworthy: as with so many

things, it all depends on how they are used, The
prevalence and proliferation of Codes at a time when
engineers have never been better educated, their
nature, the ease with which engineers can be found to
sit unpaid on their editing committees - hay, the pride
with which they announce their membership - all point
to a deep-seated need on the part of the community of
engineers to fence in innovation.,'

33. However, there is no doubt that Codes of Practice are essential
in certain areas and a distinct comfort in others, but dams, in
particular, are so diverse in character that any suggestion of uniformity
of design is ridiculous. Even a Code of Practice for the inspection or

supervision of dams is hard to imagine and far from protecting the dam - -

engineer, such a Code, if followed, may even put him at risk in certain
circumstances which require the exercise of judgment. By the Reservoirs
Act, this country, in its wisdom, has placed the responsibility for dams
on individuals who need all the help they can get but who in the last
analysis must be free to act as they think fit under the prevailing
circumstances and not be constrained by cother than appropriate knowledge
and experience. Any dam engineer will welcome information and

. consultation which will allow a better understanding of the problems he

faces and we must do everything possible to improve communications which
will allow this.

34 The American Society of Civil Engineers publishes Manuals on
Engineering Practice which they define as:-

'...an orderly presentation of facts on a particular
subject, supplémented by an analysis of limitations and
applications of these facts. It contains information
useful to the average engineer in his everyday work,
rather than findings that may be useful only




occasionally or ‘rarely. It is net in any sense a
'standard', however; nor is it elementary or so
conclusive as to provide a 'rule of thumb' for
non-engineers. Furthermore, material in this series,
in distinction from a paper (which expresses only one
person's observations or opinions), is the work of a
committee or group selected to assemble and express
information on a specific topic...'

I find this approach interesting although basic.

35. The Reports or Bulletins prepared by ICOLD Technical Committees
should be of particular assistance to dam engineers although lack of
finance sometimes prevents then being published timeously. - They are

mainly, although not exclusively, on enginéering aspects as the recent
Bulletins on environmental aspects demonstrate. If there are areas where
BNCOLD members consider a state-of-the-art statement would be helpful, I
am sure that ICOLD will be pleased to hear of them.

PRACTICE

36. There are few engineers in Britain who are exclusively employed
on the design or inspection of dams and I am not convinced that this
would be a good thing anyway. There are many examples of experience in
fields other than dams that has benefited dam engineering. My greatly
respected former partner, John Paton, was much inveolved with dams during
the hydro-electric era in Scotland (and he still is). When these schemes
tailed off he turned his attention to motorway construction and in his
Chairman's address to the Glasgow and West of Scotland Association of ICE
in 1961 he wondered why dry-lean concrete, which was used extensively and
successfully on roads with significant cost advantage, apparently had no
application in dams. He raised this matter again at the ICOLD Congress
in 1970 and it is now generally recognised that this started engineers
thinking about what is now called Roller  Compacted Concrete dams.

37. I am also not convinced that Supervising Engineers under the
Reservoirs Act, 1975 were ever intended to do that work exclusively - but
that is another story.

38. For the design and construction of dams many people with
different responsibilities, knowledge, experience and a variety of
abilities as well as those who can provide the funds are involved. It
goes without saying that this last is the most important. With the
present climate nationally and internationally of reducing capital
investment, the trend to favour projects with short-term results rather
than long-term benefits and the emphasis on 'value for money' or
cheapness before excellence, has the time now arrived when we should come
out of the wings and take a more central position on the state of
community affairs? We are well qualified to make significant
contributions towards forecasting and interpreting change and in the
selection of better options for the application on our work in the
future. Will Howie would ask even more of us and suggests that:-

*The training of the engineer in the scientific method
is training in a mode of thinking which is ideally



suited to the politics of democracy because it 1is
fundamentally sceptical. The engineer is that supreme
pragmatist. He is never likely to become the slave of
any ideology nor to believe that only his side can ever
be right. If the scientific method lacks the passion
of idealism, indeed 1is incompatible with it,
nevertheless the technical daring which is the mark of
the good engineer more than replaces it. The engineer
contributes the kind of mind which is required for the
politics of today.'

39, It certainly is a pity that even in countries where engineers
form the most prestigious occupation of all, the majority are generally
servants rather than wielders of power, Their work may transform society
but only a small minerity pull the strings of political power,

40. Someone recently pointed out that 'engineering can be done by
slaves, and often is'. We pride ourselves on being a profession, a
concept that we must not lose sight of even in the current climate of
commercialism, apparently increasing responsibility and liability and
lack of appreciation. But we must not be exclusive. The objectives of
ICCLD are 'to encourage improvements in the planning, design,
construction, operation and maintenance of large dams and associated
civil engineering works by bringing together relevant information and
studying related questions including technical, econcomic, financial,
environmental and social aspects'. Participation by non-engineers is,
therefore, to be welcomed and I hope that more will take part in our
activities in the future.

41, Finally, we are expected to be ingenious {i.e. showing
cleverness of invention or construction) and we should also be ingenuocus
{i.e. honourably straight-forward, open, candid or frank) and I,
therefore, cannct resist quoting Matthew Arnold's words that:-

'Conduct is three fourths of our 1life and its largest concern'.

42, As the theme of this Conference is Reservoir Renovation I leave
you with this gem (14):-

'Small may not be beautiful.

Conservative may not be safer.

Don't believe the supplier,

Watch the pressures and hydraulic gradients, -
Don't throw away your old books.

Read a few good detective stories

and your embankment dam rehabilitation measures
may be successful'.
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A Brief history of 21 years of BNCOLD
1967 to 1988
by M.F. Kennard

General

l. In March 1988, BNCOLD celebrated 21 years of existence in its present
form of individual and corporate members electing the British National

Committee, of the British Section of the International Commission on’

Large Dam.

2. Prior to 1967, the British National Committee comprised
representatives from the Institution of Civil Engineers, the Institution
of Water Engineers, the Asociation of Consulting Engineers, the
Federation of Civil Engineering Contractors and others. There were no
individual members, only committee members.

Membership

3. " The membership of BNCOLD now comprises both individual members and
corporate members. For many years the number of individual members
remained at about 200 to 250, but there has been a substantial increase
in recent years, due to the implementation of the Reservoirs Act 1975 and
the encouragement of Supervising Engineers to join.

" The number of members in recent years are:

Individual Corporate
1979 215 35
1980 222 ' 38
1981 228 38
1982 249 40
1983 276 41
" 1984 285 40
1985 300 36

1986 345 37

First BNCOLD Committeae

4. The Chairman in 1966 was J.A. Banks and in October of that year, he
proposed that the existing members serve for different periods of I, 2 or
3 years so as to provide for elected members to become members of the
committee as from March 1967.

5. The original members who continued on the new committee were:

J.A. Banks R. Le. G. Hetherington
Professor A.W. Bishop J. Kennard

J. Guthrie Brown R.H. MacDonald

E.J.X. Chapman Dr. N. MacGregor

R.H. Cuthbertson J. Paton

H.H. Dixon T.A.L. Paton

C.R. Elliott C.M. Roberts

Dr. A.A. Fulton C.H. Spens

Professor S5.R. Sparkes



6. The first elected members were:

Chairmen

7. The first Chairman of the newly formed British National Committee was

P.L. Aitken
G.M. Binnie
P.B. Mitchell

Dr. A.D.M. Penman

J.A. Banks who continued until his untimely death in 1967.

8. Succeeding Chairmen have been:

9. The post of Vice-Chairman was not established until after the death
The list of Vice-Chairmen is

of Mr. Banks.

Committee

10. Since 1967 over 100 members have served on the Committee, and they
have involved the majority of the consulting engineers, contractors,
public authorities, universities and other organisations active in

and

H.H.
E.J.

R.T.
M.F.
b.J.
R.E.
E.T.

Dr.

E.J.
R.Le
R.T.
C.M.

Dr.

R.E.
E.T.

. HW.J.

Dixon
K. Chapman
Gerrard
Kennard
Coats
Coxon
Haws

A.A. Fulton

K. Chapman

G. Hetherington
Gerrard

Roberts

D.J. Coats

Coxon

Haws

Carlyle

British dam engineering in these 21 years.

11. The names of these members are:

Committee Members
P.L. Altken

A.C. Allen

1.J.5. Artewill
. P.AA.Back

» Baker

. Banks
. Bass

o

WM
A
.T
+5. Baxter

+M. Binnie

rofessor A.W. Bishop
«B. Boweock

+J+ Braybrooks

- Guthrie Brown

«R. Browu

.C. Bridle

+J. Carlvle

.J.X. Chapzan

Dr. J.A. Charles

£.L. Clarke

Dr. D.J. Coats

mEmDmoudORRoD

1967/70;
1972/76;
1987=-

1978-80;
1972=77;

11967

1984-87
1978-80
1967~70
1967-69
1984-87
1980-82
1567-76
1970-73
1986~
1975-77;
1967-74
1984-87;
1973-76
1969-72;

(1968-1971)
(1971-1974)
(1974-1977)
(1977-1980)
(1980-1983)
(1983-1986)
(1986- )

(1968-1970)
(1970-1971)
(1971-1973)
(1973-1974)
(1974-1976)
(1977-1980)
(1980-1983)
(1983-1986)
(1987- )

1979/82 ¥.J. Cochrane 1966-72
1979780 R.G. Cole 1985~
G.A. Cooper 1986~

~Bhe _ R.G. Court 1980-82

ig:é,:;' 1986 J.G. Cowie 1983-8€;

R.E. Coxon 1969-72;

J.R. Crichton 19/6=79;

R.B. Cuthbertson 1967-69;

L.B. Dickerson 1967=-70

H.E. Dixon 1967-85

D.N.W. Earp 1981-84;

C.R. Ellfot 1867-83

P.A.5. Ferguson 1983-86;

R.L. Fict 1970=-73

J.R. Fleming 1970-73;
. - P.J. Forbes 1985~

1980~84; 1986 D.D. Fraser 1984-87

1987- Dr. A.A. Fulron 1967-70

R.T. Gervard 1971-77

1973- R. Glossop 1968-71

1987~

1§73-76; 1978-87
1982-85

1971-74; 1978-B0
1985~

1986

1975-78; 1979-82;

1983-86




D. Orzerod 982-8B5; 1986~

E.M. Gosschalk 1961-82 D. Palrer 1582-85;
F.X. Griff{ths 1971-74; 1976~79; 1980-83 I, Paron - 1967-58: 1971-74
P.S. Hallss 1972-75; 1982-85 $ir Angus Paton 1967-70; 197275
D.M. Hamilten 1971-74; 1975-78 3. Patienden 197576
W.R. Rare 1975-77 Dr. A.D.M. Penzan 1967-70; 1973-77; 1978-83
E.T. Rawvs 19&9"‘72; 193&-77; 1973"31; 1982- R.V.C. Phillipl . 1978’31; 1982-8%
R. Le G. Hetherington 1967-69; 1970-73 F.F. Poskite 1972-75; 1976-79; 1980-62; 1983-86
AW, Hill 1969-72 V.J.F. Ray 1983-86
J-¥. Hodgson 1971-74 _ E.C. Reed 1971-74; 1978-81

© Pr.A.K. Rughes 1984-87 C.M. Roberts 1967-69; 1970-80
Sir Trevor Hughes - 1874-~75 R.D. Robinson 1975-78
F.G. Johnson 1973-76; 1986-  ¢.D. Routh 1985-
H.N. Jomes 1981-84; 1587- Sir Worman Rowntree 1968-71
M. Eenn 1983-86 A.E. Seddon 1968-71
J. Kennard 1967-68 R.G. Sharp 1978-E1
M.F. Rennard 1968-75; 1976-B82; 1982-86 Dr. G.P. Simg 1985-
J.H. Lander 1973-76 T suich 1987~
3-D. lavson 1986- Professor $.R. Sparkes 1967-70
Dr. W. MacGregor 1967-68 C.H. Spens 1067-68; 1969-72
P.G. Mackey 1585~ J.R. Stewart 1974=77
D.P. Maguire 1984-87 T.A. Stoker 1957
R.H. MeDenald 1967-68 E.H. Taylor 1986~
J.¥, McKRenna 1985~ P.F. Tra 1987— .
¥.B. Mclelsh 1874-77; 1980-83 Dr. P.R. Taughan 1970-73; 1978-80; 1981-84
Dr. 4.C. Meigh 1981-84 - T.R.M. Vakeling 1978-81
G.A. Milne 1978-81 S.F. White 1975-77
P.B. Mitchell 1967-70; 1975-78; 1979-82 T.E.5. White 1965-71
A.1.B. Moffat 1974=77; 1978-£1; 1957~ B.C. vnitehesd 1669-73
Dr. L.J. Murdeck 1969-72; 1973-75 J.D. Williams 1974-77; 1978-81
D.C. Musgrave 1878-80 A.J.E. Winder 1982-85
Professor J.K.T.L.Kash 1969-71 Prafessor 0.C.
Dr. J. Kewbery 1980-83 Zienkiewicz 1972-75

12. In 1986 Dr.J.A. Charles was appointed Technical Secretary, and a
member of the Committee in this capacity.

ICOLD

13. BNCOLD has provided one President of the International Commission on
Large Dams and two Vice Presidents within the last 21 years and these
have been:

J. Guthrie Brown {President 1964-67)

H.H. Dixon (Vice-President 1971-74)
Dr. D.J. Coats (Vice-President 1983-86)

14, As officers of ICOLD they may continue as ex—oficio members of the
BNCOLD committee.

15. Following the success of the ICOLD Congress in Edinburgh in 1964,
BNCOLD issued an invitation in 1980 for an ICOLD Executive Meeting to be
held in London. The invitation was accepted and the 5lst Executive
Meeting was successfully held in London in September 1983.

16. Members of BNCOLD have supported the ICOLD Congresses by writing
papers and attending in good numbers.

17. The numbers of BNCOLD papers in the seven Congresses in the 21 years
of BNCOLD are shown in the following table.

Year City Question * No. of
BNCOLD papers

1967 Istanbul Q 32 2

33 3

34 3

35 4




Year City Question No. of )
: ) " BNCOLD papers

1970 Montreal 36
37
38
39
1973 Madrid 40
41
42
43
1976 Mexico 44
45
46
47
1979 New Delhi 48
49
.50
51
1982 Rio de Janeiro 52
53
54
55
1985 Lausanne 56
57
58
59
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18. BNCOLD members have ﬁlayed a very active part in the technical
committees of ICOLD, including several serving as Chairmen. These have
included R.E. Coxon as the Chairman of the Committee on Risks to Third
Parties from Large Dams; E.T. Haws as the Chairman of the Committee on
the Environment; Professor 0. C. Zienkiewicz as the Chairman of the
Committee on Analysis and Design; Dr. A.D.M.Penman as Chairman of the
Committee on Mine and Industrial Tailings Dams; Mr. R.S5. J. Lane as
Chairman of the Committee on Earthquakes; Professor R.J. Severn as
Chairman of the Committee on Seismic Aspects of Dam Design, and Dr. D.J.
Coats as Chairman of the Committee on the Presidency.

BNCOLD "News & Views"

19. The BNCOLD "News & Views™ was first published in May 1967 and 31
issues have been produced in 21 years. The Technical Editors have been:
H.H. Dixon &

M.F. Kennard 1967-1969 - Kos. 1 to 2
M.F. Kennard 1970-1974 - Nos. 3 to 15
H.W. Baker 1975-1979 - Nos. 16 to 20
J.D. Williams 1980-1984 - Nos. 21 to 28
J.D. Williams &

E.A. Jackson 1985 No. 29
E.A. Jackson

& J.D. Gosden 1985 - Nos. 30 to 31

BNCOLD Conferences

20. 1975 the first BNCOLD Conference was held. This was jeintly with
the University of Newcastle-upon-Tyne. '



21. 1In 1982 a regular series of biennial conferences was started with
the second BNCOLD Conference held at the University of Keele; the third
at University of Cardiff in 1964; the fourth at Heriot-Watt University,
Edinburgh jointly with the Institution of Water Engineers and Scientists.
The series continues with this fifth conference in September 1988.

22, From 1984, a speaker has been invited to present the BNCOLD Lecture
at each confereance. This lecture was given by N.J. Cochrane in 1984 on
"Insidious threats to Dams and Reservoirs”; and in 1986 by F.G. Johnson
on "Experience with the Concrete Dams of the North of Scotland Hydro-
Electrie Board".

23. The papers at all these conferences have been published by BNCOLD.
Conclusion
24. The activities and the involvement of a large number of members over

the 21 years has contributed to the success of BNCOLD and it is hoped it
will continue this successful history in the future.




BNCOLD - 21 YEARS OF SCIENCE-BASED ADVANCES

IN DAM BUILDING

A.D.M.Penman, DSc.,C.Eng.,FICE, Geotechnical Engineerina Consultant .

Introduction

I. Advances in our subject stem from better understanding of dams and their
reservoirs. This comes from a combination of detailed observation of dam
behaviour, the creation of better models to explain the behaviour, develap-
ments in numerical methods which enable more complex models to be used, new
approaches to materials testing that give clearer pictures of materials
behaviour, together with better hydrological and geological knowledge.

2. The individual can do little by himself without a ready exchange of
experience, knowledge and ideas with his peers. ICOLD has given us an inter-
national forum since its formation in 1928. The transactions of its
congresses have long been recognised as vital milestones in our advancing
path and the informal international exchange of ideas which occurs during
each congress are of inestimable value. '

3. Britain has been a member country of ICOLD since its formation and for
many vears, official contact was through the British National Committee, a
self~-perpetuating group made up mostly of senior consulting engineers.
British papers to the congresses came mainly from the offices of the
leading consultants responsible for the design and supervision of construc-
tion of major dams in Britain and overseas. This resulted in numerous
excellent accounts of design and construction of dams, providing a
historical record through which design improvements could be traced.

4. One of the aims of our Institution of Civil Engineers is the exchange
of views on the application of scientific principles to civil engineering
practice and many meetings are devoted to discussion of papers on dams.
There was, however, no specific opening for exchange of ideas amongst
British dam engineers until the 8th International Congress in Edinburgh
which gave an unprecedented opportunity for British dam engineers to meet.

4. By contrast, the British soil mechanics fraternity had been meeting to
exchange ideas some years before the formation in 1947 of the British
National Committee of the International Society for Soil Mechanics and
foundation Engineering. It was natural for them to want to continue but in
order to meet in the Institution building a recommendation had to come from
Council: its agreement on October 1948 led to the British National Section
(now BGS) open to anyone with a bona fide interest in soil mechanics.

5. The success of BGS and the enthusiastic attendance at their meetings is
legendary within the Institution, and after the success of the Edinburgh
Congress, it became clear to BNCOLD that it too should have a British
National Section, open to those interested in dams and reservoirs. This
Section was established in 1967, 21 years ago, and it is the purpose of




this paper to trace some of the developments in our subject which have taken
place during those 21 years.

Grand New Era

6. The formation of the British Section of BNCOLD came at a time of vigor-
ous dam comstruction in Britain and many other countries. In 1967, there
were 15 large dams under construction in Britain. The Water Resources

Board published predictions for future water needs in 1970, giving a value
of 4.lmillion m’/day as current consumption which would increase to
9.2million m*/day by 2001. This increased demand would require construction
of 41 inland reservoirs and, because of the difficulty of finding sites,
consideration was _given to damming estuaries. Detailed proposals were
prepared for several schemes in-Morecambe Bay: one was for a dam carrying a
motorway on its crest as a link between Barrow-in-Furness and M6. Suggestions
were also made for Solway and Dee barrages.

7. Numerous schemes were designed for tidal barrages on the Severn estuary
with the main aim of electricity production, not storage of fresh water.

Two BNCOLD members proposed a link to France with a tidal barrage carrying

a very wide motorway and railway on its crest. It could produce electricity
but constituted a serious restriction on the movement of Channel shipping.
The proposed locking arrangements were not considered satisfactory.

8. During 21 years, the political climate has completely changed. Industry
has been run down and the demand for water has fallen far short of the 1970
predictions. The great Kielder scheme which produced what has been claimed
to be the largest man-made lake in Europe, with tunnel and aqueduct link to
Teesside, was declared by government sources to be unnecessary by the time
it was opened in 1982. Had it been possible to transfer water like
electricity on a national grid, government calculations indicated that there
was no need of further storage facilities until at least the turn of the
century. It was only the acute shortage of water in Devon and Cornwall
during a dry summer that enabled approval to be granted for Roadford dam:
the embankment of this 40.5m high dam reached full height in 1988 and an
upstream asphaltic membrane is to be placed during the summer of 1989,
Construction of the Queen's Valley dam in Jersey is expected to begin in
1989, but otherwise, no new dams are proposed and activity centres on such
works as the reconstruction of Carsington, raising Woodhead and improvements
to old dams to ensure their safety and ability to pass maximum floods.

Clay Cores

9. During the 2! years that we are considering, there has come an end to
the traditional puddled clay core. 1t is said that labour costs preclude
its use, but standards of living have changed so much that workmen expect to
have machines to carry out earthworks and it might prove difficult to recruit
puddle gangs such as those who used to follow their work from damsite to
damsite. In general, rolled cores have been used since 1960, although
Jumbles, the last British dam to use a puddled clay core, was not completed
until 1971. Puddling gangs had gone by then and the core was compacted
mechanically with a large weight carrying steel cones on its underside to
simulate the heels of the puddle gang, dropped repeatedly from a crame. Such
an arrangement had been tried during the construction of one of the MWB Lea
Valley reservoirs, but the much fatter London Clay had stuck firmly to the
spiked weight.




10. Despite their use for well over a hundred years, the behaviour of
puddle clay cores was mot well understood. There had been little research
or detailed observation. Some settlement and pore pressure measurements
made 1n the upper part of Selset core and described by Vaughan (1965) gave
sufficient information to quantify arching action and show that the total
vertical stress in the core could be calculated from: :

0.=Y{Y‘%) * cug'% r c“{] +‘/€;J

where ¢ represents the undrained shear strength of the clay

2a B " average width of the core above the point consid-
Y " " bulk density of the core. ered
yA " " depth of possible tension cracks at the upper

boundary
x and y " " coordinates of the point, y being measured down

from the top of the core

11. A soft puddle clay core is normally capped with other fill forming the
dam crest to protect it and prevent drying. This usually removes the risk
of tension cracks, so the second term in the above equation can be omitted.

12. 1f we consider a point on the centre-line of the core, x = a, and since
y = h, the height of the core above the point, the vertical total stress can
be taken as:

oy {(1- %

i

13. If it can be assumed that for the soft, wet puddled clay, B = 1, then
an increase of pore pressure, du , may give an indication of the increase of
total stress developing within the core during construction.

14, Beavan et al (1977) have given examples of pore pressures meéasured in
the cores of six dams and have shown that it is not uncommon for Su = &0,
during the earlier stages of construction when it could be expected that
8o, = 8o, '

where O&u represents incremental increase of pore pressure
da, " " " " overburden pressure Yh
so, 0 " " " vertical stress

15. From this it can be seen that the summation of incremental increases of
pore pressure give a good indication of the increment that has occurred in
vertical total stress in a core during construction. Care must be taken to
begin at the correct zero, which must be a negative pore pressure when the
piezometer is installed, and that subsequent -falls due to dissipation are
subtracted.

16. At one time, low pore pressure in a clay core was thought to be a good
thing, indicating rapid dissipation and increase of strength. It is now
known to be more likely due to silo action and indicating low total stresses
in the core which might lead to risk of leakage and internal erosion.

17. Use of stability analyses, such as Bishop's (1955) more rigorous modifi-
cation of the Swedish method of slices, showed up the puddled core as a




weakness which, when combined with a soft clay layer in the foundations, as
ar Chingford, could lead to failure. A rolled core was much stronger, as it
had to be to support the placing and compacting machinery of the time.
Following. the Proctor concept, attempts were made to limit placement water
content to values often a few percent below optimum. British weather at
many dam sites made winter placing impossible and summer rain could halt
work on the core.

18. At Balderhead, there was a limited amount of clay suitable for the
core and it was relatively dry. The core was designed tc be as narrow as
practicable to save volume and specified to be placed slightly above
optimum water content, although the borrow pit value was low and some
watering would be required., The usual difficulties were encountered over
the correct value of optimum for .clays from the various parts of the borrow
pit: it could be argued that a determination of optimum should be made for
every load if an exact specified value of placement water content were to
be achieved. A practical solution was found by relating placement water
content to the plastic limit. The test for this was somewhat simpler than
that for Proctor optimum and through wholesale use in soil mechanics, may
be said to be reasonably accurate despite the primitive method of hand-
rolling thin threads of clay.

19. Balderhead core was placed during three summer seasons. During the
first year, a combination of rain and use of clay from slightly wetter

parts of the borrow pit provided a fill that was not too dry. Britain's
first installation of a group of five earth pressure cells to measure total
pressures in a clay core was made in this fill and readings taker throughaut
subsequent construction. The second year was much drier. Since rainfall
could so easily halt placement, the contractor was naturally reluctant to
add too much water and showed willing by provision of small hoses. 1t was,
however, not enough and the middle height of core was placed dry. Unfortun-
ately no more earth pressure cells were placed in the higher parts of the
core.

Hydraulic Fracture

20. The leakage and sink holes that developed on first filling (Vaughan et
al 1970) were eventually traced to hydraulic fracture through the
Balderhead core. This first British example of hydraulic fracture occurred
at about the same time as a similar event at Hyttejuvet dam in Norway and
was followed, a few years later, by another case at Viddalsvatn, also in
Norway. Exchange of ideas and experience with the Norwegian Geotechnical
Institute led to research into the phenomenon. '

21. An earlier incident with the core of dykes to form evaporation ponds
near the Dead Sea had raised the problem of hydraulie fracture in 1966. It
had been specified that the core must have a permeability no greater than a
given figure and after constructiom, permeability tests were made from
numerous standpipe piezometers. Following best practice, outflow tests
were made by lowering the water level in the standpipes and measurements
made of rise with time. This was so slow that it was assumed that the
intake filters had become blocked and a change was made to inflow tests.

22. Warnings have always been given that great care must be used when
de~airing hydraulic piezometers to ensure that water pressure at the intake
filter never exceeds the total stress in the soil surrounding the filter, in




case the seal of the filter into the soil should be ruptured. At the dykes,
care was taken to observe this warning by not applying heads of water in
excess of the overburden pressure at filter level, calculated from vertical
height and the known density of the core material.

23. The permeability results were alarming and indicated that remedial work
would be required of the contractor over much of the length of core before
acceptance. The threatened litigation led to international investigation

and experimental work in Britain and Norway, described by Bjerrum et al (1972).
It was shown that arching action had reduced the total pressures in the core
much below overburden pressure, so that the heads of water used for the
inflow permeability tests had in fact broken the seal between soil and

intake filter, permitting the flows that had indicated the high values of
permeability. Bjerrum and Andersen (1972) suggested that measurement of the
excess water pressure required to break the seal, i.e. cause hydraulic
fracture in the surrounding soil, could be used as an indication of the

minor principal total stress acting on the filter. Penman (1975) carried

out numerous hydraulic fracture tests on piezometers which had been placed
amengst earth pressure cells in the cores of two dams, to study the relation-
ship between measured total pressures and the critical pressure observed

with the.piezometers. His findings indicated that the hydraulic fracture
pressure was closer to the average measured total pressure rather than the
minor principal stress.

24. It became clear that to avoid hydraulic fracture through a core, the
total pressure acting across any potential fracture through the core must
exceed the pressure from the reservoir water at that level. Also, of
course, the contact pressure between core and abutment, must also equal, or
preferably exceed reservoir water pressure. ‘

25. The requirement for a placement water content at about optimum is. to
ensure that the fill is sufficiently workable yet not too soft to compact.
To avoid the problems of measuring Proctor values or plastic limits, it is
better to specify required shear strength. This can be measured rapidly
during construction so that adjustments can be made before too much more
fill has been placed. Experience with this approach has been given by
Kennard et al (1979). 1t enables a core to be placed at a required strength
and gives designers the facility to specify a value of ¢, which they have
calculated will not lead to hydraulic fracture in their particular shape of
core.

26. The development of the wedge-foot compactor, particularly the self-
driven, four roller type such as the Caterpillar 815, has enabled much
softer clays to be used. As at Selset, discussed above, the increase of
pore pressure shows the increase that has occurred in the total stress, so
that during construction continuous careful measurement of the pore pressure
increments can be used to show that sufficient total pressure is developing
to avoid hydraulic fracture. Penman (1979) has suggested that if the piezo-
metric level in the core at the end of construction is at or above reservoir
level, there will be no danger of hydraulic fracture.

Drainage Layers

27. Where strength is required it can be argued that fill should be placed
dry of optimum, although if too dry it may suffer collapse settlement on
wetting. A build-up of high pore pressures may endanger stability and if the




£ill available for the shoulders is both too fine-grained and wet in the
borrow, it can be kept stable by use of drainage layers. The rate of

‘dissipation of pore pressure is proportional to the square of the length of

the drainage path, so calculations can be made to determine the spacing
required between drainage blankets to ensure that dangerously high pore
pressures do not develeop during construction. The efficiency of drainage
layers has been discussed by Gibson and Shefford (1968) and Sills (1975).

28. Drainage layers were first used in Britain to stabilize the shoulder
fill of Usk dam in 1952, and since that time they have become increasingly
fashionable, During the period we are considering numerous dams have been
built with what at one time would have been considered unsuitable shoulder
fill, some on unsuitable foundations. Both have been stabilized by
drainage, incorporating near horizontal drainage layers in the fill and
vertical sand drains in the foundation, as at Derwent and Selset. At
least 20 British dams have drainage layers in their shoulders.

" Rockfill

29. Our attitude towards rockfill has changed. At cone time fines were
regarded as & source of settlement because they prevented good rock to rock
contact. When they occurred in quarry run or tunnel spoil, they were often
sieved out by passing the rockfill over a screen on its way to the dam.
Specifications for dumped rockfill dams in North America often called for
the use only of competent, strong rock from the heart of the quarry, free of
fines. It was not uncommon for the rockfill to be passed over a 150mm
opening .size 'grizzly'. Material less than 150mm which passed through and
the weathered rock from the quarry was led to waste.

30, It was a mistaken concept. Contact stresses are proportional to the
square of the rock size, and angular pieces of hard rock can readily be
stressed beyond the strength of the parent material, producing fines by
spalling. Experience showed that wetting caused settlement, so it became
the practice to sluice dumped rockfill during placing with volumes of water
3 to 5 times f1ll volume. It was thought that this improved rock to rock
contact by washing out the fines, o -

31. Placement in comparatively thin layers instead of dumping, and compac-
tion, especially with a vibrating roller, improved the properties of the
rockfill markedly. The dense, hard, greenish-grey, metamorphic rock

used for New Hogan dam was passed over a vibrating screen with a bar spacing
of 75 to 150mm, producing a processed rockfill that was completely free of
small fines. After placement and compaction with a vibrating roller,
however, excavation revealed that voids between the larger pieces of rock
were well filled with fragments grading in size from 25mm down to very fine
particles, showing that the high contact forces had caused considerable
spalling.

32. 1t is now known that wetting reduces the strength of the parent material,
so encouraging spalling, and that the large deformations observed in dumped
rockfill dams were largely due to crushing and deformation at points of
contact. There is no need for excessive sluicing: the rockfill should be
placed at or above an optimum water content to give workability and it

should also be well graded so that all voids are filled, producing myriads

of contacts, each-very lightly stressed. Compaction with a smooth,

vibrating roller can develop a high bulk density, producing a rockfill
resistant to deformations.



33. A marked advantage of rockfill over earthfill is that no construction
pore pressures develop. Penman and Charles (1976) have suggested that fill
which 1s to be classified as rockfill rather than earthfill, should have an
in situ permeability greater than 10 ”m/sec. This sets a limit to the
amount and size of the fines that can be ipcluded. ’

34. There are not very many rockfill dams in Britain. Quoich, 38.4m high,
was the highest rockfill dam at the time of the formation of BNCOLD's
British Section. It was constructed mainly from a schist rock spoil which
came out of the tunnel excavations. The spoil was processed by screening
and washing to remove below 10mm sizes, so as to emsure rock to rock contact.
It was spread in 0.6m layers, rolled with a 3.5t. vibrating roller, and
sluiced. The maximum vertical compression of the rockfill measured during
construction was only 1.07% and the dam behaved well. After construction,
the need for processing the tunnel spoil to remove fines was questioned
with the implication that money could have been saved without diminishing
any properties of the rockfill if they had been left in.

35. Quarrying the carboniferous sandstones used for the construction of
Scammonden (73m) and Winscar (53m) produced plenty of fines, as well as
large pieces of rock, but in line with more modern practice, the fines were
left in. Placement trials for Scammonden showed that by tipping the fill
well back from the advancing edge of a layer and then bulldozing it over,
the larger pieces fell to the bottom and were buried in fines, leaving a
relatively smooth surface that was kind to the hauling vehicles and readily
accepted a smooth vibrating roller. During very wet weather, the fines
could be worked up to a slurry by tyred traffic and a fear was expressed
that layers of soft silt might be being built into the dam. To check on
this, a coloured sand was spread thinly over the surface as a marker and
after the next layer had been placed and compacted, a trial pit was excavated.
It was found, not only that all voids between larger sized pieces were
completely filled, giving a high density, but the larger pieces from the
upper layer had punched down through the lower surface, producing a well
integrated mixture of sizes. '

36. Layer thickness at Scammonden was specified as 0.9m, but this required
larger pieces of sandstone to be broken individually. At Winscar this was
avoided by using 1.7m thick layers._ The power of vibrating rollers is now
such that it is not uncommon to find 2m thick layers specified for well
graded rockfill.

37. The traditional approach to the strength of rockfill is to assume c'= 0

"and to assign a suitable value for an angle of shearing resistance. It has

long been known that increased confining pressure reduces the value and
emphasis was put on assessing minimum values that would be applicable to
rockfill in very high dams. Recent work at the Building Research Station

has shown that well graded rockfill develops remarkably high angles of
shearing resistance at the low confining pressures near the surface of slopes.
Charles and Watts (1980) have shown that it is more realistic to use a

curved failure envelope to describe strength and to express this in the form:

b
T = A(g")
where T represents shear strength

G’ " normal effective stress
Aand b " constants for the rockfill




38. This is an approach of major importance to the designers of rockiill
dams and analytical methods based on it will be discussed below.

*

Upstream Membranes

39. It can be argued that rockfill can be used most effectively for a dam
by placing the impervious element at the upstream face, so that the whole .
body of the rockfill is used in resisting the horizontal thrust imposed by
the impounded reservoir. Use of an impervious membrane on the upstream
slope also.attracts some vertical loading from the water which helps to
increase resistance against sliding.

40. 1t was not uncommon in North America {and elsewhere) for the large
deformations that occurred in dumped rockfill to damage upstream concrete
membranes on first reservoir filling. If the reservoir could be emptied to
effect repair, the subsequent performance of the dam could be excellent.

‘'This general experience appears to have deterred British designers from the

use of upstream membranes, but a change has come about, partly due to the
better understanding which has developed of fill properties. Prior to 1967
there were only 5 large dams in Britain with concrete upstream membranes
(World Register) and none with asphaltic membranes.

41. First to use an asphaltic upstream membrane was Dungonnel (17m)
completed in 1970. This was soon followed at Turlough Hill pumped storage
reservoir where the membrane on the slopes of the 24m high dam extended
across the floor of the reservoir. These were followed by Winscar (52m),
Marchlya (72m), Sulby (60m), Colliford (28m) and during the summer of 1989,
it is expected that an asphaltic membrane will be placed on Roadford

dam (40m).

42, During this period, British designers were concerned with large upstream
membrane dams overseas, including the 90m high Kotmale rockfill dam in Sri

Lanka, and Khao Laem { 90m) in Thailand, both with concrete membranes.

Central Asphaltic Membrane

43. An absence of suitable earth fill for a core has caused designers to
turn to concrete for a central core, e.g. Daer and the embankment section of
the Glen Shira Lower Dam. In a high dam, the concrete can become highly
stressed by negative skin friction due to fill settlement. At Daer the core
was articulated by numerous bitumen-filled joints. The vertical joilnts
acted as standpipes full of bitumen, which imposed bitumen fluid pressure on
the horizontal joints, keeping them full and preventing hydraulic fracture
by the reservoir water. Provision was made for tCopping up the joints at the
crest with more bitumen if necessary.

44, The concept of an asphaltic core that could settle with the fill was
new to Britain and was used in the first 35m high part of Sulby dam in 1930.
The dam was to have been built with provision for raising to 60m with a
second stage, by placing rockfill over the downstream slope, made waterproof
by an asphaltic upstream membrane connected to the core at the crest of the
dam. In the event, the two stages were built together, but the shape of the
dam remained as if it had been constructed during two separate periods.

45.Central asphaltic cores had previously been used in Germany and the
expertise and machinery of a German contractor was used for constructing the




core. A similar arrangement was made for the asphaltic core of the 56m high
Megget dam, alsoc begun in 1980.

46. Previously, central asphaltic cores had been used by the British designer
of the High Island dams in Hong Kong.

Shears in Foundations

47. It is well known that heavily overconsolidated clays contain fissures
and slickensides. Tunnellers in London clay were often made only too well
aware of slickensides when they were encountered in the face. The fissures
are part of the fabric of the clay and exist in more than overconsolidated
clays. Rowe (1972) drew attention to the important effect of the fabric on
the properties of many soils from relatively soft, silty clays to sandstones
(the fabric largely controls the size and shape of a piece of rockfill won
from a quarry), but slickensides are slip sufaces formed at some time during
the history of the soil, indicating that there has been relative movement.
Slip surfaces can have been formed by the failures of steep slopes or under
the stresses imposed by ice loading, long-since gone, and may remain under
relatively flat sites. 1In the States, difficulties were experienced with old
slip surfaces in the foundations of South Saskatchewan and Waco dams and at
Wheeler Lock. The careful vigilance of the British engineers responsible for
Mangla dam in Pakistan detected old shear zones in the foundations after
construction had begun, causing a change to the designed section to avoid
overstressing the soil in those weakened areas. Similar problems were
encountered at the site for El Chécon dam in Argentina.

48. 1In Britain, the heavily overconsolidated Lias clay foundation for
Empingham dam contained numerous old slip surfaces, causing the dam to be
designed with such flat slopes that they formed ideal pasture for grazing
cows. Pre-existing slip surfaces resulting from peri-glacial action led to
failures during the construction of dams for Draycote reservoir and they
appear to have been a contributory cause of the failure of Carsington dam
during construction. A full report on the Carsington failure has been given
by Coxon {1986).

49. It is almost impossible to detect old slip surfaces with a borehole
site investigation and extremely difficult to detect them in trial pits. A
detailed knowledge of the geological history of the site may well provide
the best indication of existing slip surfaces. If this suggests that they
may be present, then a more detailed investigation, coupled perhaps with
lecading by trial banks, or oversteepening of slopes in borrow pits, will be
needed to isolate them.

Progressive Failure

50. The traditional slip circle analysis is concerned with stress and the
aim 1is to ensure that the imposed stress does not exceed the strength of the
soil. The factor of safety is a factor of safety against ultimate failure,
but with our modern knowledge, the notion of ultimate failure should be put
behind us. It has often been said that we should now be designing for
acceptable movement rather than contemplating failure and such a notien
brings in the concept of strain in the soil and on a potential slip surface.

51. Many soils when tested in relatively rigid machines at constant rates of
strain, exhibit a reduction of strength once a peak has been passed. This




hehaviour had been observed since the late 1930's and Skempton had
repeatedly drawn attention to the effect this could have on stability
analysis. In his Rankine Lecture (1964) he described progressive failure

and said that in the limiting condition the strength along the entire length
of the slip surface will fall to the residual value. In addition to numerous
case histories, he also gave the results of tests on samples containing a
slip surface, thereby demonstrating that strength on a pre-formed slip
surface corresponds to the residual wvalue.

52. The traditional assumption that the failure envelope for a soil can be
represented by a straight line on a plot of shear strength v. normal stress -
acting on the shear plane, is a convenience which simplifies calculations by
making the angle of shearing resistance constant over the range of stresses
considered. In practice most failure envelopes are curved. The traditional
value of ¢' is taken from the intercept of the straight line at zero normal
load. Use of a curved failure envelope reduces the magnitude of the
intercept, in many cases to zero. Whatever the value of '"true cohesion' of
a clay, in moving from peak to residual, the cohesion intercept c¢'
disappears completely.

53. An allocation of a value to c¢' can be relatively important in the
design of low dams and many designers in the past have chosen to use peak
strength values to obtain ¢' and @', then relied on use of a large enough
factor of safety to avoid any element of soil on a potential 511p surface
from belng strained beyond peak strength.

54. The wisdom of this approach is questionable: its success is dependent
on the properties of the various soils through which the surface might pass
and the geometry of the embankment section. The Carsington failure has
brought a renewed emphasis on the mechanism of progressive failure and new,
more complex methods of analysis have been developed.

55. Another type of '"progressive failure' was demonstrated at Carsington.
The major movements of the slip began at a section of the dam some way along
from the major section and the failure than progressed along the dam to
beyond the major section, exposing a long cliff, parallel to the dam axis.
This behaviour has also been described as '"domino action', i.e. as the

first section failed, it dragged on the next section, which, it could be
argued, might just have been stable at the time and was unbalanced by forces
imposed on it by the adjacent sliding mass. Its failure, in turn, triggered
the next section and so on until a section of the dam was reached that was
so stable it could withstand the drag-down forces.

56. The term "progressive failure" has been used for a great many years to
describe the effect of increasing,non-uniform strain along a potential slip
surface taking elements of soil beyond their peak strength and so should be
reserved to describe this behaviour. The "domino effect" in unbalancing
with a relatively small force the next in line, gives a clear indication of
the second behaviour and should probably be used - certainly in preference
to the expression, 'progressive failure"

Electronic Computation

57. Successful design requires vivid imagination - sufficiently vivid to
envisage every circumstance that could lead to unsatisfactery behaviour.
Supporting calculations at one time limited the scope of imagination that




could be usefully applied. Circular slip surfaces used to be preferred to
other shapes because the stability analysis could be readily calculated.
Even so, it was common to use a planimeter to measure the area of the slip-
ping section and cardboard cutouts hung from pims to find the position of
the centre of gravity.

58. Bishop's (1955) more rigorous approach to the Swedish method of slices
was put into a form suitable for analysis by electronic computer by the
combined efforts of Little and Price (1958). Since then programmes have
been developed that enable analysis of almost any form of slip surface,
passing through materials with almost any properties. ' Programmes that
allow of consideration of progressive failure, developed by Potts at
Imperial College, are amongst the latest developments.

59. Considerations of the stresses carried by small elements within the
body of a soil mass and the way those stresses are transmitted to
adjacent elements, making due allowance for the varying, nen-linear and non-
reversible stress-strain characteristics of the different types of soil
encountered can give a picture of stress distribution and strains.
Consideration has been given to the effects of the non-linear stress-strain
characteristics of soils by Jardine et al (1986). There is a limit to the
smallness of an element that can be used to produce a sensible picture but
the mass of iterative calculations required made the process virtually
impractical before the development of the electronic computer. Nowadays
there are large numbers of programmes to enable analyses to be made using
the finite element technique.

60. It soon became apparent that the predictions of complex behaviour made
by numerical analysis were limited much more by the assumptions that had to
be made about boundary conditions and material properties than by the
ability to make vast numbers of mathematical calculations. At an inter-
national symposium on the criteria and assumptions for the numerical
analysis of dams, held at Swansea in 1975, this point was emphasised. It
was said that with the impressive array of ever more powerful analytical
tools then available to the engineer, a situation had been reached where
almost any structural problem could be solved. The very power of the
modern methods of analysis had, however, drawn sharp attention to the
question of what assumptions should be made in the analysis and by what
criteria a design should be judged.

61. The need for more information about the properties of materials
required as a basis for numerical analysis led BGS to choose as the subject
for the 7th European Conference on Soil Mechanics and Foundation Engineering
which they organised at Brightom in 1979, the measurement, selection and
use of design parameters in geotechnical engineering. The discussion
sessions considered the design parameters for granular soils, fills, weak
rocks, stiff clays, soft clays, artificially improved soils and special
soll conditions: all of relevance to the design of embankment dams. The
value of the information exchanged during this conference can be judged by
the interest that has continued to be shown in the proceedings, copies of
which have been bought in considerable numbers.




Field Instrumentation

62. During the 21 years of the British Section, instrumentation for dams
has moved from the experimental to the established stage. Design predic-
tions require verification by observations of actual behaviour. As the
analytical methods available for making predictions have advanced, so there
has been a need for more extensive and accurate instrumentation.

63. Traditionally crest settlements were measured as an indication both of
dam behaviour and to ensure an adequate freeboard. Measurements of
horizontal movements scon followed and today precise surveying from stable
reference monuments built into the natural ground at safe distances from
the stress field of the dam itself often using both triangulation and
trilateration, enable the three dimensional movements of targets on the dam
to be measured to an accuracy of *2mm, Internal gauges such as the
horizontal plate gauge enable these movement measurements to be extended to
include the movement of marker plates buried in the fill of embankment dams.
By placing the plates at positions corresponding to the node points of a
finite element grid on a section of the dam, a direct comparison can be
made between predicted and actual movements. Such comparisons are of
inestimable value for fine tuning the numerical analysis.

64. During construction, the measurement of developing pore pressures in
embankment dams and temperature rise due to heat of hydration in concrete
dams, were of fundamental importance to the designer. Excessive pressures
or temperatures could be reduced by additional provision for drainage or
cooling, or by-'other techniques such as 2 change in the method of excavation
in the borrow pit, or a change to a different cement or use of cement
replacement, but a first essential was to know from the field measurements
if such measures were effective.

65. Measurements of pore pressures in fill and foundation and temperature
measurements in concrete are now regarded as purely routine. 1In addition,
it is common te measure earth pressures within the fill, often in six
directions at each measuring position so that the direction and magnitude of
the principal stresses can be determined. Internal strains are also
usually measured in vertical and also in one or two horizontal directions.
Joint movements are measured within concrete dams and in concrete membranes
on fill dams, particularly at the plinth where the membrane joins the
natural ground. '

66. The designer is the most able to decide on the type and positions for
the instruments he needs to verify his design assumptions and to check on
what he expects to be themost critical parts of his individual dam.
Unfortunately, the design of the instrumentation requirements is not given
the consideration it deserves. A uniferm distribution of instruments on

a cross—-section does not necessarily provide measurements that will be of
maximum help to the designer. So often instrument houses are not built in
time, vital zero readings are lost and measurements that could have major
significance in revealing unsatisfactory initial behaviour are not taken

in time to enable construction techniques to be corrected. There is a
danger that instrumentation is provided more because it is expected that

a large dam should be fully instrumented rather thanm for any true desire to
observe in detail the behaviour of the structure. Instrument houses,
completed, cleaned and lit may look impressive for the opening ceremony, but
they do not necessarily indicate that valuable measurements have been or
will be obtained from the instrumentation.




7. Field instrumentation in geotechnical engineering was the subject of a
Symposium organised by BGS in July 1973. A conference on geotechnical
instrumentation in civil engineering projects, organised by the Institution
with BNCOLD as a co-speonsor, is to be held in April 1989.

Tailings Dams

68. 1In Britain, lagoons to store tailings from the chemical industry were
built on relatively level ground with surrounding bunds made from a variety
of materials including lime-stabilized boiler ash. They were fairly low and
appear not to have attracted the attention of the dam designer.

69. The Clean Waters Acts of the 1950's prevented discharge of tailings
into rivers by the coal industry and caused the construction of some small
lagoons amongst the dumps of colliery waste. One or two of these had failed
prior to the disastrous failure of the waste dump at Aberfan in 1966. The
structure that failed at Aberfan was a 67m high embankment of colliery spoil
and its investigation brought in designers of embankment dams well versed in
geotechnical engineering, who later helped to draft the ensuing legislation
controlling mines and quarry waste disposal. Although tailings were not
involved in the Aberfan failure, the general review of the methods of
colliery waste disposal included tailings lagoons, and the manual subsequent-
ly prepared by the Coal Board (McKechnie Thomson and Rodin 1973) made
recommendations for their safe construction.

. 70. It could be said that tailings dams were first officially recognised by

ICOLD in 1976 when they were included as part of a Question for the Mexico
Congress. This Question attracted three British papers on tailings dams,
giving details of large dams to store waste from the china clay industry,
fly ash from power stations and tailings from fluorspar workings, as well as
several examples of failures. It was said at that time that dams for
retaining industrial waste had not always, in the past, received the engin-
eering attention they deserved. Because they were constructed piece-meal,
the ultimate height they would reach was often not envisaged when construc-
tion began and since production could not continue without disposal of
tailings, there was a great temptation to keep on adding to the heights of
the dams,

71. Today industry is much more aware of the responsibility it has for the
safety of its tailings dams and it can be argued that since profitable
production would be stopped 1f tailings disposal were interrupted, then
there is a strong incentive ta ensure the stability of the tailings dams.
There is still a lack of observational evidence of the behaviour of many
tailings dams and there 1is a need for the introduction of instumentation as
has become the standard practice with water retaining dams.

Earthguakes

72. The severity of damage that can be caused by earthquake has been
demonstrated yet again during the past few months., The earthquake in
Armenia on 7 December, 1988 gave a first shock lasting 30 to 40 seconds of
Richter magnitude 6.9 at 11.4] local time, followed 4 mins. later by a
second shock of M 5.8 that lasted nearly 50 seconds. Severe damage occurred
in Spitak and Leninakan, causing an estimated 55,000 deaths. Another event
of M 6.0 occurred on 23 January, 1989 about 20 miles from Dishanbe, capital
of Tadzhikistan, and triggered large mud flows. A smaller event, possibly




one of a self-induced series, affected Nurek, the world's highest dam, but
damage has not been reported.

73. Although Britain does not lie in a zone of major seismic activity, it
.does suffer earthquake shocks. Davisén (1924) listed 1,190 events that
occurred between the years 974 and 1924. A committee which reported to the
Royal Society was set up to study the Chichester edrthquakes of 1833-5 and
the British Association established a committee to study the earthquakes
that were occurring in Scotland after a particularly strong shock near
Comrie in 1839. :

74, This committee set about the task of designing instruments to measure
the intensity, direction and time of shocks. A scientific study of the
causes and behaviour of the world's earthquakes sprang from these early
beginnings and a centre of expertise has remained in Edinburgh. The Global
Seismology Unit of the British Geological Survey is in Edinburgh and

during the 2] years we are discussing, the International Seismological
Centre has been established at Newbury. It holds a computer store of
historical events throughout the world and can supply details of earth-
quakes that have occurred in any-particular area of interest. This can be
of help to British engineers, responsible for the design and supervision of
construction of dams overseas, particularly in countries where seismic risk
is high.

75. The design technique of representing an earthquake by a static horiz-
ontal force is being replaced by dynamic analysis. Instead of simply
tipping the model up-at a small angle to provide the equivalent of a
horizontal force of about 0.05 to 0.2g according to the predicted severity
of the maximum expected earthquake, consideration can now be given to the
expected profile of the shock pattern and allowance made for the cyclic
nature of the loading, in vertical as well as horizontal directions,
Procedures such as the 'Seed-Lee-Idriss' procedure (Seed 1979) enable the
stresges induced in an embankment by the most unfavourable type of base
excitation to be computed from a dynamic finite element analysis. The
static stresses in the dam can also be computed with the aid of finite
element techniques. These stresses, when applied to representative samples
of the various fill used in the embankment, enable determination of the
pore pressure build-up and deformation characteristics to be expected under
worst earthquake conditioms,

76. During a London conference on the design of dams to resist earthquakes
in 1980, it was said that analytical and computational techniques have far
outstripped out understanding of material behaviour. This subject requires
much more study before further advance in our overall expertise in earth-
quake engineering can be made.

77. The behaviour of a dam when shaken can be measured during minor earth-
quake shocks or by artificial excitation. The response of buildings has
been measured while subjecting them to cyclic forces from eccentric~weight
exciters and the same technique has been used for dams. Severn et al (1979,
1980) have described tests made with four powerful eccentric-weight
exciters on the 50m high concrete Wimbleball dam and the 90m high rockfill
Llyn Brianne dam. The results were compared with behaviour predicted by
finite element analysis thus enabling improvements to be made to the
methods of amalysis.




78. The dams most likely to be damaged by earthquake are those constructed
from hydraulically placed fill, or those on a foundation of saturated silty-
sand that could be liquefied by the earthquake shock, Of the:.dams
constructed today, the most vulnerable are tailings dams. It could be
useful to determine their in-situ conditions at various stages during their
prolonged construction by subjecting them to controlled vibration with
suitable exciters. R

Rolled Concrete Dams

79. The advantages of embankment dams over concrete dams stem from the
facts that they can be constructed on a wide variety of foundations
unsuitable for a concrete dam, using local fill placed with a minimum of
labour by machinery which is constantly being developed to have greater
power and handle larger volumes of material. To improve their competi-
tiveness, the advocates of concrete dams are now placing their fill
continuously with earth-moving machinery.

80. The successful use of dry lean concrete for base courses of roads led
Paton (1970) to propose use of this type of material for gravity dams. It
is likely to be porous and Wallingford (1970) had suggested use of an
upstream wall of normal concrete as an impervious element. Moffat (1973)
looked into the properties of dry lean concrete and proposed use of a
bituminous impervious membrane to be incorporated in the upstream face.

81. 1In 1976, Dunstan proposed the use of a concrete, lean in cement but
rich in fly-ash, to be placed at a very low water content. Workability
would be given more by the fly-ash than by the water and compaction would
be by heavy vibrating roller. This would have a low heat of hydration but
be so waterproof that no separate element would be required. The outer
skins of a dam would be horizontally slip-formed by a kerb-placing machine
and the whole structure brought up together in lifts. In preparation for
the proposed Milton Brook dam, a trial section, described by Dawson and
Dunstan (1979), was built and tested. To check on the bond between
successive lifts, various time intervals were used to simulate weekend
closedown or a more prolonged plant failure. Cores taken through the
joints were tested for permeability by drilling a central hole, and passing
water radially. No increase of permeability at the joints was detected.

82. Unfortunately, owing to economic restraints, Milton Brook was not
built, but the method of construction was quickly accepted in Japan where
numerous rolled concrete dams have been built. CIRIA held a conference on
rolled concrete for dams in 1981. '

83. Lowe (1988) in a short history of roller compacted concrete dams says
that he first used concrete placed by earth moving plant in 1960 for the
core of a 65m high cofferdam for the Shihmen embankment dam , Taiwan. In
Italy, the 178m Alpe Gira gravity dam was built with a fairly lean concrete
using blast furnace cement to minimise heat of hydration, spread in 0.8m
layers and compacted by vibrators mounted on tracked vehicles. Open
contraction joints were formed by cutting the layers with a vibrating saw
blade mounted on a self-propelled chassis. A waterproof element in the
form of 3mm steel plate was used on the upstream face. The dam was
completed in 1964,

84. Shimajigawa, 89m, the first roller compacted dam to be built in Japan,




was completed in 1980. The first in USA was Willow Creek, 52m, completed
in 1982. Since then of those higher than 15m, seven more have been built
in USA, three in South Africa, two in Australia and one in China, Brazil,
France and Spain, but none in U.K.

The Reservoirs Act

85. The Edinburgh Congress in 1964 took place shortly after the failures
of Malpasset and Baldwin Hills dams and the disastrous landslide into the
Vajont reservoir. Gruner {1963) had discussed dam disasters and this
brought forward a call for review of legislation relating to reservoirs by
ICOLD member counries. Although Britain was in the forefront with her
Reservoirs (Safety Provisions) Act of 1930, she agreed to look at it again
and our Institution set up an.ad-hoc committee. This committee agreed with
the principle that the responsibility for the safety of a reservoir should
continue to be placed on one qualified civil engineer because of the dangers
associated with divided responsibility. The 1930 Act had worked well in
that no member of the public had been killed as a result of a dam mal-
function. It published its recommendations in a Report on Reservoir
Safety, 1966. Essentially these were that power to enforce the Act should
be given to a Government Department who would keep records of 2ll dams and
ensure that they were inspected when required and action taken on the
inspector’'s recommendation. Provision should be made for abandoning reser-
voirs, consideration given to the storage of fluids other than water,
application of the Act to Northern Ireland and the appointment of engineers
to Panels teo be limited to 5 years, rather than given for life. Some of
these recommendations have been incorporated in the 1975 Reservoirs Act
which is now being implemented.

Flood Studies

86. Part of the success of the 1930 Act can be attributed to the "Interim
Report of the Committee on Floods in Relation to Reservoir Practice'", ’
published in 1933. This provided a more rational approach to the design of
spillways, and largely overcame the dangers of failure by overtopping.

87. During consideration of the 1930 Act, it was logical also to see if

the Interim Report should not now be put in a more final form. In 1967,

the committee on floods recommended that the whole subject should be re-
examined. Subsequently, the Institute of Hydrology of the National
Environmental Research Council, supported by the then Water Resources Board,
undertook this study. It published the result of its work in 1975; a work
which it is claimed enables all the characteristics of a flood on any river
in the United Kingdom and the Republic of Ireland, to be calculated i.e. mean
annual flood, flood with 150 year return period and the Probable Maximum
Flood.

88. This was discussed during the BNCOLD Symposium on Inspection, Operation
and Improvement of Existing Dams, in 1975 and the Institution published
"Floods and Reservoir Safety: an Engineering Guide" in 1978.

89. The Institurtion organised a2 conference in 1980 to discuss the Flood
Studies Report, when it was said that it was of immense importance to
engineers responsible for the design, inspection and operation of dams in
the United Kingdom: it was probably the largest single hydrological study
ever undertaken in the British Isles.




90. It was suggested that some 170 spillways would require enlargement, at
a cost in the order of £50 million. It was also suggested that analysis to
show the extent of floods resulting from dam failures should be made to
assist in identifying dams that present most risk and should receive
priority in carrying out remedial works.

Reinforced Grass Spillways

91. Many dams over a hundred years old had experienced no trouble with
their spillways, yet they have been shown to be completely inadequate to
take the PMF. Not only is the cost very high to increase spillway capacity,
but in many cases it is almost impossible to increase width because of
existing restraints in the valley. As it is, there have been cases of very
large slips started by excavationms into a hillside as part of spillway
widening works.

92. 1In order to get over some of these difficulties, it has been suggested
that embankment dams could be reinforced so as to permit-exceptional floods
to overtop the crest. A research project by CIRIA included field trials

of several types of open grid type concrete block work placed on the down-
stream slope of a dam, through which the grass could grow. The appearance
of the grassy slope was not affected by the blocks but they prevented
erosion. Mackey (1985) has described the use of flexible independent
concrete slabs placed on the crest and downstream slope of the 60 year old

- Stanford dam: one of the first U.K. applications of this approach to cater

for the possibility of large floods.

Aeration

93. Perhaps because flows through the spillways of British dams are not
particularly high and no déubt as a result of ingenious design, the water
always appears to contain plenty of air and severe erosion damage 1s not
usual. Many dams overseas, however, have to deal with large annual floods,
and the damage that occurred to the Tarbela spillway focused attention on
cavitation problems. It does not appear to be very practical to demand
surface finishes on large concrete shutes that will enable solid water to
pass over them at velocities in excess of 40m/sec.

94. 1In general, cavitation erosion can be virtually eliminated if the air
concentration at the solid surface can be kept above about 8%. For
existing and proposed spillways, modern methodology can forecast potential
cavitation damage, the extent of natural aeration and where artificial
aeration by slots or otherwise, might be necessary.

0ld Dams

95. A recent survey of U.K. embankment dams (Technical Note 1 in these
Proceedings) has indicated that 70% were built prior to 1900, a large’
majority having puddled clay cores and below ground cut-offs. An earlier
review by Charles and Boden (1985) relating to nearly 100 cases of
unsatisfactory performance had shown that of dams in service, retaining a
reservoir, 24% of the cases were associated with overtopping, 14% due to
slips and slides and 55% resulted from internal erasion.

96. Flood studies have enabled overtopping problems to be controlled and
developments in the art and science of geotechnical engineering have removed




uncertainties about slips and slides. The problems of internal erosion,
however, are more difficult.

97. The general principles discussed above relating to clay cores show that
a sufficient total pressure must be developed from the weight of the core
on all planes through the core and on all boundary surfaces that pass from
upstream to downstream, to resist the pressure of the reservoir water.

38. In order to assess the condition of old puddled clay cores, a research
programme 1s being carried out by the Building Research Station in con-
junction with owners and consultants. Total pressures acting horizontally
in axial and upstream-downstream directions are being measured together in
some cases, with vertical pressures. Some of this work has been described
by Charles and Watts (1987). An ingenious device has recently been
developed which enables total stresses in the vertical direction to be
measured. This has beendescribed by Watts and Charles (1988).
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PRE-VISIT TALK ON WINSCAR DAM

J D HUMPHREYS (MRM Partnership)

Just a few facts and figures first of all.. Winscar dam is a vibro
compacted rock-filled dam, about 54 metres in height, situated on and
built of the millstone grits sandstone which contains a little shale.
The downstream slope is grassed, the upstream slope is covered with an
asphalted concrete deck constructed basically in two layers of dense
asphaltic concrete.

I am proud of saying, that it was the first in Great Britain. We did
make a few mistakes, and I thought it would be most useful if I tried to
accent the things that I think we did wrong.

The upstream slope is 1 on 1.7 and the downstream slope 1 on 1.4 in
general terms, but with additional landscaping fill near the toe which
comprised the spoil from the necessary excavation.

The slope of the landscape fill by the way was consciously made roughly
the same as the slope of the valley sides, so that it looked as natural
as possible. One of the reasons for stacking the speil against the
downstream slope was to try to diminish the apparent size of the dam, as
seen by the villagers, immediately downstream.

Another feature is that there is no valve tower. There is instead a
sloping access gallery. There didn't seem to me to be any virtue in
having a valve tower if you didn't have to and it worked ocut te be just
as cheap - - to build one instead on the rather steep left bank side of the
valley, immediately upstream of the toce. You'll see that the dam is
slightly S-shaped in plan,

The honest reason for the shape was, quite simply, that I was tired of
seeing British desipgn, the dams straight in plan. I thought they looked
nicer if they were a bit curved, and that is the honest reascn.

The official reason was that it so happened that the shape of the dam was
such that, owing to the topography of the valley, the upstream tce
reduced to almost two straight lines, so that one could at least tell
cne's conscience that the upstream toe works were roughly as short as
possible, and therefore most economical. It doesn't happen to be true.
I am sure that if that hadn't worked out, we'd have found sSome other
reason!

The grout curtain; I once heard it said that half the money spent on
advertising is wasted, but you never know which half, and I have always
felt that perhaps the same applies to grouting. We felt that
particularly at the wings of the dam, where you'd have tc go on for a
long way before the bedrock actually rose to reservoir level. We had to
curtail the grout curtain, but we erred, if you 1like on the
un-conservative side, on the grounds that it was fairly easy afterwards
to come back and do more grouting if necessary. More was needed in the
left bank.




The design flood, at the time of the design when we were still working on
the o0ld interim report of the committee on floods of 1933, was 95 cubic
metres per second. This was based on twice the so-called maximum flood,
as then defined. It was, in fact, checked later against the FSR and it
was found to be adequate.

The design was assisted by hydraulic model testing, carried out at Wimpey
Laboratories Ltd. The spillway crest length is 4C metres and the
acceptable performance of the weir in channel, according to the model,
went up to 135 cumecs. The flow, hefore actual over-topping of the
embankment occurred was found to be 180 cumecs. Damage to the spillway
and downstream works, which were reckoned to be acceptable in extreme
conditions appeared to begin to occur at about 75 to 95 cumecs.,

Probably the most interesting defect was a crack in the asphaltic
concrete which was discovered a few years ago. This is well described in
a paper in the proceedings of the San Francisco ICOLD. It was not a
massive crack: the actual leakage area, the area through which water was
passing through the asphaltic concrete was probably equivalent in size,
say, to a matchbox, but under something like 50 metres head of water,
that does represent quite a nasty flow, and I can assure anyone who has
not yet had this experience, that when you receive reports of leakage
increasing as the reservoir level is slowly dropping, you don't get an
awful lot of sleep.

The causes, again, are described in the paper. I would sum them up, very
" briefly, by saying that firstly some of the design details were not
properly implemented. The double layer of asphaltic concrete was sitting
upon a binder and levelling course of asphaltic concrete which, according
to the drawings, should have thickened as-it approached the toe. Again,
this was a fairly standard detail. This, when we finally investigated
the crack and dug it all, was found to be not the case.

The upstream slope I've already told you: 1 on 1.7, downstream slope 1
on 1.4, I felt at the time that a lot of British engineers really
weren't quite up to date on rock-filled dam properties and were still
thinking in terms of slopes on 1 on 3. I remembered, before we embarked
on that design of Winscar, a paper in the ASCE proceedings about Lewis
Smith dam, a rock-fill dam about 300 feet high, which is a good deal
higher than Winscar, with downstream slopes of 1 on 1.3, even though it
was sitting on coal measures with a very simple fill material and I
didn’'t really see any virtue in going for the old-fashioned flatter
slopes.

The draw-off gallery has draw-off valves at three different levels and
one bottom one, which you could call a scour valve. In fact, there are
two, twin scour valves and scour pipes, running down the culvert, from
one of which is drawn the compensation flow, with a concrete plug at the
upstream end.




I would draw your attention to the fact that the toe wall, with this type
of design, 1s of course an integral part of the cut-off. I regarded it
as a kind of grout cap, which ferms a joint between the grout and the
asphaltic concrete. The point is that where you have a culvert or any
concrete structure that's got to stick out of the face of the dam, then
the necessary profile, forming the joint between the asphaltic concrete
and the concrete has got to be carried over the culvert.

This detail, therefore, takes the form of a kind of a collar around the
culvert and cast integral with it, but whose upstream profile matches the
detail of the toe wall. The crack when it was discovered in fact was
vertically over that collar having to stand proud.

Going back to the causes of the crack, if you imagine yourself looking
immediately downstream of this collar, then in the plane with the collar
you've got a bit of concrete; immediately behind it of course you've got
mere fill, so you have an abrupt change from concrete to fill material.
Now, we were conscious of -this at the time of the design, and that
differential settlement could take place. This is one of the reasons why
the binder and levelling course of asphaltic concrete thickened as it

approached the toe wall and, of course, the collar.

The next most important detail was the downstream face of this collar,
designed with a batter downstream, for the fairly obvious reason that
this would encourage any fill material on settling to become compressed;
in other words there was a wedging action resisting differential
settlement.

When the crack was opened up and the damage asphaltic concrete was
removed and the collar was exposed, it was discovered that it had been in

-fact cast with a vertical face. I have never had the slightest idea why

that was done, but it was obviously a mistake on somebody's part. I
can't believe it was something of which we would ever approve and I can
never find any reference to eitheér the contractor requesting any change
or us 1issuing one.

There were other points of detail, which had perhaps not been properly
carried out, to do with the nature of the fill material in that region,
but I think if we were designing the dam again, I would want to pay very
much more attention to the detailed treatment of the fill material,
wherever a concrete structure sticks out at the face. If anybody is
considering a similar design of dam I would advise them very strongly to
give that a lot of thought.

Another point is that discovery of the leak was very very difficult
indeed. It is very easy, as most pecple say from time to time, to draw
straight lines on drawings and imagine the most clean situations. If you
have a dam or a reservoir that has been filled with water for 2 or 3
years, inevitably there is going to be a fair amount of sediment lying
around. If you imagine the condition at the toe of a dam like this, with
a fairly steep slope, and perhaps 2 or 3 inches of sediment against the
bottom, and you have just emptied it because you are looking for a leak,
you really are in an awfully messy situation and the discovery of such a
small leak is extremely difficult.




I said that the cross-sectional area of the leak was roughly equivalent
to that of a matchbox. This is because, although the crack had developed
across the whole width of the culvert, or the asphaltic concrete above
it, most of the crack, in fact, was very, very tightly caulked with
mainly organic material, decayed grass or what have you, bits of mud and
there was a fairly short length of the crack that was exposed and it was
simply by chance really that the thing was discovered. I was plodding
around in the mud, almost despairing of ever finding any leak and looking
at this caked sediment when I saw this little round hole, about the size
of a 'mouse-hole. I stuck my finger into this hole and realised that my
finger had gone in further than the actual thickness of sediment, so then
I plucked off the sediment and found this crack underneath. It really

was by luck. ’

In the discussion at the San Francisco ICOLD about this type of dam,
three main points were being made about asphaltic concrete.

One was that there was a lot of discussion of the material to be placed
on the face of the dam immediately underneath the asphaltic concrete,
from the point of view of a possible crack and the damage that it might
then do to the fill material. It seems to me that this is most relevant
when one is contemplating putting this sort of facing on to a sand-fill
or other kind of earth-fill dam, rather than block-fill. It is all to do
with the problem of prevention of erosion, but people contemplating this
sort of dam might do well to study the discussion on that aspect in the
TCOLD proceedings.

Secondly there was much discussion about the pros and cons of stacking
over the toe, as it were, a reservoir of material - of filter material.or
silt -~ in order to bung up any defects that might occur at the interface
between the asphaltic concrete and the concrete toe wall. I came away
with the impression that most speakers were in favour of this and there
was a lot of varied discussion about the pgrading of such a material.
With the experience of Winscar behind me I am not sure that I would go
along with that. It seems to me its very much better to try to create a
situation in which any defect would most easily be discovered, rather
than to bury it with something that you hope will be self-sealing.

Thirdly, there was some discussion at San Francisco about safe slopes for
asphaltic concrete, and what was meant here, it slowly dawned on me, was
safety from the point of view of the actual operators working on the
face. MNow it seemed to me that a slope such as 1 on 1.7 is so steep that
you've got to be daring to try and work on-it at all without ropes. Then
I remembered, what I should have remembered all my life, that there was,
in fact, a fatal accident at Winscar during construction. Sadly, the man
who was in charge of the team constructing asphaltic concrete stepped on
to the top ' of the slope one day, after rain when it was wet, lest his
footing, fell down the slope and was killed instantly on "arrival at the
toe. It had never occurred to me before that a safe slope in asphaltic
concrete from this peint of view was, in fact, a design criterion.



Another problem was some degree of blistering where the upper layer of
asphaltic concrete, given access to water from above, did tend to blister
here and there and that was due to imperfect connection between the
layers. )

Of the other things that I would do differently - the upstream toe wall
was specified as being 2 metres thick and to penetrate sound rock by 2
metres. I think we really cut the dimensions down tc a bare minimum
here. I think I would be rather more conservative next time.

There is alsc one badly leaking joint in the culvert immediately upstream
of the toe collar, just downstream of its junction with the gallery. The
movement of the culvert sections have been continuously monitored and it
is probable that a water bar has been stretched to something
approaching its limit, and there seems to be some leakage around one of
the pairs of waterbars that were installed around the joints.

R MELBINGER (Federal Ministry of Agriculture, Forestry and Water
Management, Austria)

Do you measure the seepage flows at Winscar and if so how great are they?

J D HUMPHREYS

Yes, it is .being measured all the time and it was this measurement of
seepage Tflows that alerted us, first of all, to the fact that the
grouting needed supplementing and, later, that there was a problem with
the asphaltic concrete., I think that, as the inspecting engineer, Bill
Carlyle might like to comment on the quantities. My own view is that
they are nothing to worry about. ’

W J CARLYLE (Binnie & Partners)

I would say that they were at one time high when John Humphreys was doing
the secondary grouting and they progressively reduced, and I am conly
going to guess now an integration of a number of different drainages,
some from the grouting in the rock abutment, some from the seepage
collection points beneath the dam, and some from the drainage pipes laid
within the fill; I think somewhere between 15 and 20 litres per second,
something relatively quite small. -

The gallery is built well into the rock; the rock foundation level is up
near the shoulder of the gallery, so one would have expected it to be
solidly integrated. In fact, it does appear that on filling the
reservoir, the whole dam and its rock foundations moved downstream,
opened that joint by 20 mm or thereabouts and, at the moment, it opens
and closes roughly a millimetre for every metre of change in the water
level of the reservoir, so obviously a crack has formed in the bedrock
coincident with the intersection of the upstream toe. The Jjoint was




perfectly well able to take this, but the leakage is thought to be due to
an imperfection in one of the welded joints in the water bar and it has
stretched a bit; maybe some little work needs to be done to make sure
that the water bar does nct give way any further. It's not a major
problem, it's just rather interesting that it's not something you would
have expected to happen. If anything, you would have expected the
upstream toe' to move to the left and the downstream toe to move to the
right, as the embankment spread. It appears not to have worked that way.




Int - 1

OPENING SESSION AND INTRODUCTORY ADDRESS

PROFESSOR MONTAGUE (Head of Dept of Civil Engineering, University of
Manchester)

Good morning, Gentlemen. I have been looking out for the ladies and I
can't see a single one. You know about 20% of our civil engineering
undergraduates these days are ladies. What do you do to them?

I imagine that the majority of the 260 or so delegates attending. this
conference are practising engineers. You are most welcome into the heart
of this great university. As an academic, teaching and conducting
research in civil engineering, I say that word of welcome with particular
sincerity because one of the most important developments during the last
decade for the academic engineering community has been the rapid growth
and the now close association with the c¢ivil engineering industry. The
old 'ivory tower' image has been completely demolished and we now get
more than half eof our research income by means of research contracts with
the civil engineering industry. The industrial contributions to our
undergraduate courses and the most welcome and very generous
contributions from people coming in to help us, particularly with design,
all this is particularly well-established and greatly appreciated by us.
There 1is presently something approaching a naticnal crisis in the
provision of c¢ivil engineering graduates. I have never known a year when
the number of requests I have received from industiry for graduates has
been as great as it has been during 1988, Of course, when people call
and ask me if I know of a graduate who is looking for a job in this or
that kind of c¢ivil engineering, they implicitly mean a good graduate and
that leads to a point. ‘

Whilst the demand for our product is very pressing, the number of young
people choosing civil engineering as an undergraduate study continues to
fall. At the present time, the npumber of applications for c¢ivil
engineering is just about equal to the number of places available in the
universities, but because the universities demand a certain entry
standard and not all those applicants achieve that standard and therefore
do not come, we have a surplus of places. However, because universities
themselves are under considerable pressure to atiract students because
our resources depend on numbers, there is a temptaticn to lower the
standard of entry and that, of course, has the inevitable effect of
diluting the level of talent in the profession. '

So we have a national problem which is only part, although a particularly
difficult part, I think, - of a bigger one, namely, the movement of young
people away from science and technology - a sort of rejection of an
economically-approved culture. We can't find the reason in demographic
trends because, although our 18-year old population is going to reduce by
about 35% between now and 1995, the vast majority of students coming to
the university come from socio-economic groups 1 and 2 and actually there
is a 9% increase in those groups between now and 1985.




Int - 2

Now, I feel the solution to this preblem must be provided largely by the
profession. Two things, I think:

- it must pay better salaries and, somehow,

- it must convey to young people the excitement and the satisfaction
and the enjoyment of engineering.

Now, being concerned with dams, I think you have a particularly good
opportunity to cast an image of the profession which is attractive to
youngsters, And I don't suppose for a moment that you would disagree
that you should be paid more. Well, that's my message. I hope the
conference is a great success., Let me repeat my very warm welcome to the
university and, right across the road opposite this building, stands the
engineering department. The engineering department here consists of, in
one department, aerconautical, c¢ivil, mechanical and nuclear. If you
should feel like popping in any time during your stay here, you are most
welcome to do so and you can have a look round and see what is going on
in research, and so on.

Thank you for inviting me to come along and say these few words and,
again, welcome to Manchester.

MR E T HAWS (Chairman, British Naticnal Committee on Large Dams)

Professor, thank you very much indeed for your welcome and thank you for
letting BNCOLD have the use of your university facilities for this
conference.. We do value it very much indeed. As you know, BNCCOLD dams
are all about water - according to folklore so is Manchester, but we seem
to have done a great deal better than that today. I hope you all enjoyed
your 'constitutional' coming aleng from the Hulme Building and - I hope the
ladies enjoy ‘this weather and we get it for our site wvisit on Saturday,
too.

The student shortage - yes, indeed it is quite a problem for the future.
We have it now in the industry - we find great difficulty in recruiting
even now and, with the shortage of students being produced from the
universities in future, that is obviously going to become increasingly
difficult and increasingly vital for this country to overcome. We shall
certainly do everything we can in the profession to show how attractive
it is and to show that there are other things than large sums of money in
service industries; creation of resource is an activity to be proud of
and we, as BNCOLD members, will be selling that message to young people.
It is particularly sad to see students who have taken an engineering
course tempted away immediately they graduate to higher earnings in the
service industries and that's something we certainly as a profession,
have to face up to: to make it attractive; to sell ourselves to these
young people.

It's very impressive to see the numbers here present this morning and we
are absolutely delighted at the numbers who find it worthwhile to be with
us.
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In particular, I must welcome our foreign visitors. We have
representatives: from Austria, Belgium, Hong Kong, Italy, Spain,

- Switzerland, USA and West Germany and that's a very impressive list of

which BNCQLD is extremely proud. Welcome most sincerely to you all. We
know you are going to contribute greatly to our discussions. ‘You have
already cecntributed in terms of papers presented. We have papers from
six countries and three continents and that's not including the UK -~ and
I daresay some of my colleagues think that should be at least three,

there are papers from all these countries. We do look forward to
contributions of the visitor. I would please ask them and also the
Chairmen of the sessions - your English is excellent, our foreign

languages are rather pathetic in this country - if, however, there .is
anything in the discussions of a technical nature that you would like
additionally clarified, please stop the Chairman and we will do our
utmost to help you if there is any help needed. That's not done in any
patronising way, I can assure you. . We do wish for your full
participation.

The other very exciting thing for BNCOLD is to see the full

representation from everyone with interest in dams: the owners, the
consultants, the contractors, the panel engineers, the universities, the
enforcement authorities and government. This is the first time, to my

knowledge, that the enforcement authorities have participated in such a
function. We do welcome you. We hope your participation will grow over
the years. Perhaps we shall hear from you how the Act is working. We
look forward to that soon. This is an auspicious year for BNCOLD. This
is our Z2lst milestone - our Z21lst anniversary. The presence here shows
the strength and growth of the organisation and how it is thriving.

Michael Kennard has taken on board the task of writing a history of
BNCOLD and that is going to appear as the preamble of the proceedings of
this conference. So we look forward to seeing that from Michael in the
very near future. Another auspicicus circumstance for this particular
conference, in my view, is the fact that, as I count them, there are at
least four new dams under construction in the UK. That hasn't been
happening for rather .a long time and perhaps there are more. But I know
of Roadford, Queen's Valley about to start, Carsington and Gale Common
Stage 2: all major construction efforts and new works. I don't think we
will be scaring the Japs with a list of four under construction, but it's
a promising sign of growth, and also that British engineers continue to
show imagination in these projects. There are features in them that
would have been considered uncommon a little while ago. Roadford with
the upstream bituminous membrane, Queen's Valley with the central
bituminous core and Gale Common with an extensive plastic membrane
protecting the aquifers against leaching.

So there.are new and exciting things going on. If people invelved with
those new projects feel that anything on those is relevant, please do
have your say, in spite of this being a conference on renovation of old
reservoirs. We do like to see where new ideas are relevant, particularly
in the context of the old dams we have to deal with.

~
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Then, another exciting development, I think, for our group of dam
engineers is the great interest in the country in estuarial structures.
Again, to my knowledge, we have studies and designs going on for the
Severn, the Mersey. the Humber, the Towey, the Taff, Usk and Deptford
Creek. Surely, here, there must be a major subject for BNCOLD in the
years to come and another, as I say, important development for their
engineers and hydraulic engineers.

Another thing that we have to face up to in the fairly near future in the
industry is privatisation and clearly this will be in mind during our
discussions during the next couple of days. What will be the new
pressures on maintenance? Will there be pressure from shareholders for
profit, so that maintenance items are pushed a bit further 1in the
background and works other -than in the interests of safety reported by an
inspection engineer - are they going to be delays and deferments? Will
there be a premium on the services of less demanding inspection
engineers? There's simple food for thought, and will there be more dams
per supervising engineer with the big organisations? Maybe you would
care to put some thought and make some remarks on some of these things
during the next couple of days.

Another circumstance which we meet is the increasingly vociferous
outbursts against dams. I was moved to write to "The Times" this week.
I haven't managed to get a copy today - I understand it is to be in, but
there have been articles, letters blaming dams for some of the flooding
that has been occurring arcund the world. Quite inaccurate and
misleading reports and associations, but they are being made repeatedly.
Those that were in San Francisce will have seen the great activity by the
anti-dam lobby there to the extent of making a proclamation for a
moratorium on all dam construction. That's something we as a profession
must face up to. It's the policy of BNCOLD as declared at San Francisco
and likewise of BNCOLD to be '"pro-active" not "reactive®. Take the
initiative: point out to the society and the community the wvalue of the
work we are doing in providing good water supply and clean energy.

I haven't talked at all about the papers yet. We have a great variety of
subjects: discontinuance, spillway and draw-off augmentation, monitoring
and supervision, drainage instrumentation, sealing, slug protection, even
RCC. Papers by Hughes and Milmore and Charles quote some facinating
statistics. Here we are faced with 2,450, no less, large dams of a great
variety of age and state which we have to confirm are safe and deal with
for the future. In many cases, the ownership is in question; loving
care is no longer available and it's a great problem with some of these
old dams which are the subject of the papers we are to hear about. I
find it infinitely sad that there should be a potential loss of an
amenity like an old millpond, an old mill pond in my old home county of
Sussex - been there for a couple of hundred years, used for angling,
watersports, other amenities and, because of the Act and requirements
related to spillway capacity in particular, the things are, on oc¢casion,
threatened with discontinuance. I believe that's something we, as a
profession must deal with, we must try and preserve those amenities.
People want them, they have been there, they are enjoying them. So let's
do something about -it that's cheap and reliable and yet conforms with the
Act.
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I am delighted to see grass spillways and collapsible gates sugpgested as
possible solutions in some of these circumstances. I, myself, have
suggested old-fashioned flashboards in the recent past. There are
answers that are cheap that will preserve these o0ld dams and ponds and we
should be looking at all of those. '

If we go too far with safety, the next step obviously relates to
qualification for earthquake and I won't dwell on that subject very much,
but it is a thing that certainly hasn't been taken to the lengths of
flooding. We know dams are generally rather pgood at earthquake
resistance but we haven't looked at return-period earthquakes anything

like return-period floods. What about the Lake District earthquake last
week?

Thank you very much. Thank you, Professor, for having us at your
university.
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THE ENFORCEMENT AUTHORITY AND THE RESERVOIRS
ACT 1975

W S Maconochie BS¢ CEng MICE MIWEM

Scottish Development Department

SYNOPSIS.
The.Enforcement Authority and the Reservoirs Act 1975

The paper outlines the initial effect in Scotland of the Reservoirs Act 1975
as indicated by the first reports to the Secretary of State by the
enforcement authorities. Matters of interest raised by the enforcement
authorities and others are discussed in the context of the Reservoirs
Act 1975 and Scottish legislation. ‘

INTROCDUCTION

1. The events leading up to the earlier legislation of the Reservairs
(Safety Provisions) Act 1930 are well known, Its implementation brought
about an improvement in reservoir safety, and while it was in force there
were no major dam disasters in this country involving loss of life, It
introduced important concepts such as the panel system of engineers
qualified under the Act, safeguards for the design and inspection of large
raised reservoirs, and statutory procedures for record keeping.
Nevertheless the lack of qualified supervision between inspections, and the
absence of any authority with a duty to enforce the Act were among
factors that weakened its effectiveness.

2. The Reservoirs Act 1975 replaced and improved on the provisions of
the 1830 Act. It applies throughout Great Britain, and provides thst in
Scotland, regional! and islands councils are enforcement authorities with a
duty to enforce the 1975 Act and to compile a register of large raised
reservoirs in their area. For the purposes of the 1975 Act a large raised
reservoir is one designed to hold or capable of holding more . than
25,000 cubic metres (5.5 million gallons) above the natural level of any
part of the adjoining land instead of the 5.0 milion gallons under the
1930 Act. The main changes are:

i. the introduction of enforcement authorities with stronger and more
explicit powers than those previously savailable to local authorities,
including powers to satisfy themselves that the Act is being complied
with, to have measures in the interests of safety carried out
(section 15) and to take emergency action (section 16) and to recoup
their reasonable expenses from the undertakers.

ii. the enforcement authority in whose area a reservoir is situated, if
they are not themselves the undertakers, secure that the undertakers
observe and comply with the requirements of the Act; (section 2(3))

iii. the enforcement authorities have .a duty to establish and maintain
& register showing the large raised reservoirs situated wholly or
partly in their area; (section 2(2))
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iv. appointments of panel engineers to design, inspect and supervise
reservoirs are limited to terms of 5 years, subject to reappointment;
(section 4(3))

v. a panel engineer must be appointed when a large raised reservoir
is to be discontinued or abandoned; (sections 13 and 14)

vi. without reasonable excuse, an undertaker's wilful non compliance
with the safety provisions of the Act is a criminal offénce;
(section 22)., Undertakers are defined in section 1(4). If the
reservoir i{s not used or intended to be used for the purposes of any
undertaking, the undertakers are then taken to be the owners or
lessees of the reservoir.

REPORTS TO SECRETARY OF STATE

3. In Scotland the Act required regional and islands councils. to report to
the Secretary of State on 1 April 1987 on their actions as enforcement
suthorities and as undertakers for reservoirs wholly within their areas.
Further reports have to be made at two yearly intervals. (SI 1985 No 177
Reg 4).

4, By public advertisement, map searches, use of local knowledge and
correspondence with .undertakers, enforcement . authorities have
endeavoured to identify the large raised reservoirs in their area, and to
inform undertakers of their duties under the Act. In spite of the earlier
reservoir legislation it is apparent that many private undertakers were
unaware of their duties under that legislation. Where the enforcement
authorities have found undertakers not complying with the Act, the
authorities have therefore generally sought to persuade them to comply.
Nevertheless in some cases formal action has been or is likely to be taken
by authorities to:

a. serve notice on undertakers to appoint & qualified engineer or to
carry out safety works recommended by a qualified engineer;

b. appoint a qualified engineer on behalf of an undertaker;

e¢. if necessary to consider the possibility of criminal proceedings
againgt undertakers wilfully not complying with the Act

5. Compared with the 590 or so large raised reservoirs known before
implementation, the reports indicate a total of about 730 large raised
reservoirs in Scotland, and confirm that a number of mainly private
reservoirs that should have been inspected under the 1930 Act are now
being inspected for the first time. (For Great Britain the total number of
large raised reservoirs is now estimated at about 2450 compared with the
estimeste of about 2000 before the 1975 Act came into force). As expected,
the regional and islands councils, and major undertakers such as the North
of Scotland KEydro Electric Board are complying with the Act and there is
no doubt that they will make every effort to continue to do so. The table
at Annex 1 gives numerical information gathered from the reports.
Because numerical information was prescribed by statutory instrument for
items (i) and (ii) only of the table, the remaining information is based on
subsequent assessment in some cases, and is therefore imprecise.
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Nevertheless, by September 1987, a good indication of the degree of
compliance had been obteined. Although about 100 reservoirs were without
supervising engineers, and 60 had overdue appointments of inspecting
engineers, the continuing efforts of the enforcement authorities should see
a reduction in the number of instances where undertakers are failing to
meet their obligations.

6. In my view the reports indicate that in Scotland enforcement
authorities are discharging their duties responsibly and that the Act is
being enforced in a reslistic way. The enforcement suthorities in Scotland
will next report to the Secretary of State on 1 April 1989,

7. I must take this oppor_tunity-to thank publicly the Scottish enforcement
authorities for their patience and cooperation in providing me with
information for this paper beyond that prescribed by regulation.

8. The information called for by statutory instrument does not provide
categories of ownership other than those necessary to prevent double
counting of reservoirs. An approximate allocation of the ownership of
Scottish large raised reservoirs in 1987 is however as follows:-

Regional and islands councils : 356
Other public bodies ) 148
Others 226
Total . ’ ' T30

MATTERS OF INTEREST THAT HAVE ARISEN

9, ° Interpretation of legislation is ultimately a matter for the courts. The
opinions expressed in this paper therefore do not purport toc be an
interpretation of the Act, nor do they necessarily represent the view of
the Scottish Development Department.

Section 1. Definition of large raised reservoir

10, The question most frequently asked is what water level should be used
in calculating the capacity of a raised reservoir for the purposes of the
Act. Reference is sometimes made to the definition of "top water level"
given in SIs 1985 No 177 and 1986 No 468, and arguments have been put
forward that that definition should be used in calculating the above
capacity

11. SI 1985 No 177, as its title indicates, is concerned with registers,
reports and records, and the object of item 4 in particular of Part 7 of the
Form of Record is to establish 3 capacities of the reservoir. For the
purpose of prescribed records there must be no doubt about the points
from which measurements are taken, and that is why definitions such as
that of "lowest natural ground level" and "top water level" were given in
the statutory instrument. The definitions are however prefixed by words
such as "In this order" and "In this Form". In my view the instrument
cannot give a definition for the purpose of assessing whether or not a
reservoir is subject to the Act, and I suggest that the wording of
section 1 of the Act only, defines the capacity of a large raised reservoir
for that purpose.

12. Similarly, in SI 1986 No 468, which deals with certificates, reports and
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prescribed information, the definitions of "lowest natural ground level" and
"top water level” in SCHEDULE 3 allow information about the prescribed
distances, capacity and garea in item 8 to be established without doubt. In
this case the prescribed information is that to be given in a section 21(1)
notice served by undertakers on the authority or authorities in whose aresa
the reservoir lies or will be situated, ie notice of intention to construct or
increase the capacity, of a large raised reservoir, or bring back into use
a large raised reservoir,

13. The water level to be taken when considering the stability or safety of
a dam would, of course, tszke into account the amount of water that couid
reasonably be anticipated above "top water level" as defilned by either
statutory instrument.

14, Notwithstanding my views on the legislation, I have no quarrel, with
those who (as long a&s they do not found on the statutory instruments)
adopt the spillway level in straightforward cases to assess a reservoir's
capacity under the Act.

15, It has been suggested to me that by introducing a pipe below the
existing spillway level, then, almost regardless of the pipe size, the
reservoir capacity for the purposes of the Act could be measured up to
the pipe invert only. Although to add to existing spillway or overflow
capacity can be, a proper exercise of engineering judgement, the object in
this instance apparently was to remove the reservoir from the Act, without
-greatly effecting its actual capacity. It is unlikely that the proposal was
implemented, but in any case such an approach would not have bheen
compatible with the interests of safety, nor with the. spirit of the Act.

16. Before leaving the subject of capacity it is worth considering those
reservoirs with facilities for stop logs, particularly as it is important in
"borderline" capacity cases to decide whether the capacity retained by stop
logs should be included. At least one enforcement authority has taken the
view, with which I agree, that if there are facilities for fitting stop logs
then it should be assumed that the logs could be fitted and therefore
contribute to the reservoir capacity. It should make no difference whether
or not the stop logs are available on site.

17, There is, of course, an understandable emphasis, on establishing if a
reservoir is subject to the provisions of the Act, nevertheless it is
important that undertskers whose reservoirs fall cutwith the Act should be
aware of their duty of care to the public, and obligations under the Health
and Safety at Work etc Act 1974.

Section 4. Qualifications of Engineers

18, It is becoming increasingly difficult for engineers to gain the
necessary experience of large reservoir construction or major alteration to
prepare them for membership of an- inspecting engineer panel. More than
half of the All Reservoirs panel members are aged over 60. Although
applications continue to be made for appointment to the inspecting engineer
panels, it is hoped that senior engineers will be aware of the need to give
their staff the opportunity to gain experience suitable for membership of
those panels.,

Sections 6 and 10 etc. Relationship between construction and inspecting
engineers.
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19. The question of the "independence" of the inspecting engineer is

-sometimes raised. An inspecting engineer must be an "independent”

engineer (section 10(1)). Briefly "independent" in the Act means not
employed (except as a consultant) by the undertakers and not connected
in any way with the construction engineer in a civil engineering business
(section 10(9)). '

20. For the purpose of the Act a qualified engineer is a reference to a
member of a panel constituted under section 4. Qualified engineers under
sections 8, 9, 25 (via section 8) and 27 (via section 8) act in similar ways
to construction engineers and can provide certificates that have effect for
the purposes of the Act as though they were certificates of a construction
engineer. Nevertheless, it is only in sections 6 (construction, or
enlargement of reservoirs) and 7 (certificates of construction engineers)
that an engineer is called a construction engineer., These sections are also
referred to in sections 25 and 27.

21. Because section 6 deals only with new, enlarged or restored
reservoirs, then an inspecting engineer would only be barred from
inspecting a particular reservoir if his connection with the reservoir
related to those categories. If an engineer has doubts about whether or
not he is independent, it would be a matter of common prudence to decline
to undertake the inspection of the reservoir. There should be no
obstacle, however to an inspecting engineer who is not independent of the
construction engineer subsequently designing and supervising work which
does not come into these categories.

Section 10 ete. Inspections and subsequent safety recommendations

22. The main concern of the Act is safety and formal recommendations as
to measures to be taken by the undertaker in the interests of safety have
the force of law. As stated in the Department of the Environment's letter
to panel engineers, of 26 February 1986, it is important therefore that
such recommendations should be confined to those which the inspecting
engineer considers to be essential in the interests of safety. Other
measures in the interests of good management should be conveyed to the
undertaker separately.

23. Some enforcement authorities have expressed concern about the lengthy
time that sometimes occurs between an inspection and the subsequent
report. Section 10(3) states that the report should be made as soon as
practicable after  the inspection. There is therefore no quantified time
before submission of the report. :

24. Such delays may well be & recognition of the early effectiveness of the
Act, and the subsequent increassed work load being placed on inspecting
engineers. If a report is unduely delayed a concerned enforcement
suthority or undertaker might wish to seek confirmation prior to the
submission of the report that safety measures are not urgently needed,
and (although not set down in the Act) to ask the engineers to submit the
report within a set time,

25. Where an inspecting engineer includes in his report any
recommendations as to measures to be taken in the interests of safety
then, subject to the referee provisions, these measures are to be carried
out under the supervision of a qualified engineer (Section 10(6)). That
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«ngineer subsequentlv gives the certificate that the recommendations have
been carried into effect.

26. It has been suggested to me that a supervising engineer could carrv
out these functions of supervision. and certification. Section 12 however,
which relates to supervising engineers, contains no such powers and
section 10 is referred to, only to allow the supervising engineer to
recommend an inspection. T believe therefore that a8 section 10(6) qualified
engineer cannot be 8 membher of the supervising peanel only. To allow good
housekeeping measures to he carried out outwith section 10(6) is therefore
another reason to ensure that recommendations in the interests of safety
are separately conveved to the undertaker.

Sections 1¢. and 12, Relationship between inspecting and supervising
engineers.

27. An engineer who is a member of the supervising panel only, cannot
properly carrv out a section 1¢ inspection. A supervising engineer's
duties however do not lapse during a section 10 inspection and it would
obviously be helpful to the supervising engineer and the inspecting
engineer if the former were present during the course of the inspecting
engineer's site visit,

Section 11, Directions given by a construction or inspecting engineer.

28. - There can be difficulty when -the last involvement of the appropriate
panel engineer preceded commencement of the Act and therefore the
directions referred to in section 11¢(?) have not been given, Nevertheless,

undertakers must now keep records as prescribed in SI 1985 No 177 and I

suggest in such cases employ either the previous frequency of record
keeping, or seek directions from an appropriate panel engineer who has
been connected with the reservoir. Although it is common to refer te the
inspecting engineer of a reservoir as though his dutv were continuous, it
is of an episodic nature and it may be that a panel engineer would take
the view that his directions would have no standing unless he were
appointed as inspecting engineer for the reservoir. [ hope however that a
panel engineer with a good knowledge of the reservoir would be prepared
to make recommendations about record keeping, without seeking
appointment as the inspecting engineer for that purpose only.

29. There is a view that the inspecting engineer has discretion to waive
the undertaker's duty to Lkeep section 11 records. The engineer's
discretion however relates only to the "intervals" and to the "manner" of
record keeping (section 11(2)), &and in mv view a variation in the
™nterval” or "manner" is unlikely to extend to & complete absence of
records. | accept however that although the undertaker's record keeping
dutv is clear section 11 does not say the enpgineer has a duty to supply
directions relating to record keeping. If the engineer is satisfied that for
a particular remote reservoir it is safe to do so, he may direct that
records be taken at fairly infrequent intervals, This would comply with
the Act and st the same time place little burden on the undertaker.

30, Form F must no longer be used. Iinlike uncompleted reports based
on a 1930 Act inspection, record keeping is s continuing situation and
there is a legal requirement for section 11 records under the 1975.Act,
This epplies regardless of the legislation under which the last inspection
was made,
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Sections 13 and 14. Discontinuance and abandonment

31. Before a large raised reservoir can be discontinued and removed from
the register (section 13(3), a certificate, or copy certificate under
gection 13(2) must be submitted to the enforcement authority.

32, Abandonment is not defined in the Act, and any meaning can only be
obtained from the wording of section 14. Because the measures (if any)
that ought to be taken in the interests of safety, require that the
reservoir is incapable of filling accidentally or naturally etc an abandoned
reservoir probably means that there has been & permanent reduction in
water level. Whatever the definition, because an abandoned reservoir may
in some circumstances fill to a level and capacity not quantified in
section 14 then the reservoir still remains within the Act, requiring
supervision and statutory inspection, unless and until it is discontinued
under section 13.

33. Although strictly not related to the Act, undertakers should consider
other factors before discontinuing or abandoning a reservoir. Planning
and environmental considerations may be significant, and there may be an
existing requirement to provide compensation water which could not always
be satisfied after the reservoir had been discontinued or abandoned. In
the case of a reservoir for which the water authority is undertaker, there
may be a local enactment relating to the supply of water, with provision
for compensation requirements. Under section 107 of the Water (Scotland)
Act 1980 the Secretary of State may, by order, repeal or amend any local
enactment relating to the supply of water. Such an order may include
such transitional, incidental, supplementary and consequential provisions
as the Secretary of State may consider necessary or expedient. The
provisions of Part 1 of Schedule 1 to the 1980 Act would apply, ensuring
that the necessary advertising and notification procedures would be carried
out. In addition to the requirements of the 1975 Act the discontinuance or
abandonment of a reservoir not relating to the supply of water would have
to be consldered in the light of the powers under which it was
constructed.

34. In cases where there is agreement only, or indeed where there is no
record of powers or agreement, the undertaker would no doubt wish to
reach agreement with known interested bodies. It may also be prudent to
consider whether or not some form of advertisement should be carried out
before discontinuance or abandonment.

35. Concern has been expressed by some private reserveoir owners, about
the effect of the 1975 Act on their reservoirs and on the environment if
their reservoirs had to be discontinued on financial grounds. Undertakers
had of course, obligations under the 1930 Act but, nevertheless, any
concern for the environment must be recognised.

36. Though the main purpose of the Act is to ensure reservoir safety, it
is important that environmental considerations should be taken into account
in keeping with the spirit of the National Planning Guidelines. Proposals
to drain reservoirs or lower water levels can have implications for nature
conservation, landscape- and recreation. Scottish local authorities should
therefore consult the Nature Conservancy Council (NCC) and/or the
Countryside Commission for Scotland for appropriate advice wherever these
interests are likely to be affected by such proposals irrespective of the



location of the reservoir. Breaching of a dam would normally require
planning permission which would therefore require consultation with the
NCC under Article 13(1)(g) of the Town and Country Planning (General
Development) (Scotland) Order 1981 in respect of dams within sites of
special scientific interest. In addition section 28(5) of the Wildlife and
Countryside Act 1981 places a requirement on owners or occupiers of land
within sites of special sclentific interest to notify the NCC of any
operations in areas of special scientific interest.

Section 17. Powers of Entry

37. A person duly authorised in writing by the enforcement authority may
at any time enter the land on which a reservoir is situated, for the
purposes. listed in sections 17(1)(a) to (e).

38. An interesting case was recently drawn to my attention in which the
undertsker was the enforcement authority for the area in which the
reservoir -was wholly situated, and therefore the provisions of the Act
releting to enforcement by the authority did not apply to that reservoir
(section 2(6)). Under section 10(3) the inspecting engineer had:
recommended safety work to the earth dam, the downstream toe of which
was in private ownership, The undertaker was willing to carry out the
work at his own expense, but was not allowed access to the embankment
toe. This may seem surprising particularly as the safety operations would
have benefitted the land downstream from the dam.

39. Normally it may have been possible via section 15(2) (Powers of the
enforcement authority, to cause safety recommendations to be carried into
effect) to use section 17(1)(d) to gain power of entry to the toe. In this
instance Dbecause of section 2(6) the undertaker could not seek
authorisetion from en enforcement authority to obtain access. It was
suggested to the undertaker that he should either look for the necessary
powers in the legislation under which the undertsking was being carried
out, or under which the local authority operated.

40, It would be prudent therefore for enforcement authorities who are
undertakers, or propose to become undertakers for such reservoirs, to
ensure as far as possible that they have power of access to carry out
safety work on their reservoirs, or indeed work on adjacent land if it is
needed to protect the safety interests of the reservoir.

41. Section 25(1)(b). Large raised reservoirs without a final certificate
under the 1930 Act

A large raised reservoir constructed or altered to increase its capacity
between the commencement of the 1930 and 1975 - Acts could lack # final
certificate. If so, section 25(1) of the 1975 Act states that sections 6 to 8
shall apply as if the construction or alteration were carried out wholly
after the commencement of the 1975 Act. These sections refer to the need
for & construction engineer, to. certificates of construction engineers, and
to the powers of an enforcement authority in the event of associated non
compliance.

42, If the reservoir has been constructed or altered in the last few years
then there is unlikely to be difficulty in obtaining in due course a section
7(3) final certificate, and the sectHion 7(6) supporting information and
drawings. :
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'43. In the case however of a reservoir constructed or altered in say the

1930's and for which there is no final certificate the original construction
engineer will probably be unavailable. This has been perceived by some
as a problem, because a panel engineer, who has little knowledge of the
reservoir, could not, if he were asked to do so, give the unqualified
assurances and detailed information called for in section 7. Section 25(4)
of the 1975 Act anticipated the problem by stating that if at the
commencement of the 1875 Act there were no construction engineer for
such a reservoir, then the undertakers had to appoint & qualified engineer
for the purposes of section 8, without being required to by a notice from
the enforcement authority. 1f the undertakers fail to do so within &
months of the commencement of the Act, then sections 15 (reserve powers)
and 22(1) (criminal Hability) apply as if the undertakers had been served
with a section 8(6) notice to make the appointment by the end of that
6 months. With the exception of section 15, this also applies to
enforcement suthorities as undertakers for reservoirs wholly within their
area.

44. The main practical advantage of section 8 is that there is provision in
section 8(6) for a final certificate in which the engineer need not state
that he is satisfied that the reservoir or its addition is sound. In addition
the information to be provided about the éxecution of the works, and site
conditions, is qualified by such phrases as "so far as has been able to
ascertain™ and "giving such information as he can". (section 8(7)).

45. In this paper I have tried to explore some of the areas of the Act .

which have caused concern, or which have given rise to differing
opinions. T am sure that opinions will still differ but perhaps subsequent
debate may go some way to establishing a common view, where none is yet
available from the Courts,
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ANNEX 1

LARGE RAISED RESERVOIRS IN SCOTLAND

i. reservoirs for which the enforcement
- authority is undertaker, and which are

situated wholly in the authority's erea

{ii. reservoirs for which the authority is the
enforcement authority

{ii. large raised reservoirs in Scotland, total
of (i) and (ii)

iv. pre-implementation estimate of large raised
reservoirs in Scotland

v. reservoirs without supervising engineers

vi. reservoirs where appointment of inspecting
~ engineers is overdue ’

vii. reservoirs where formal enforcement action
hes already been taken

- 314

416

730

590

101

60

Note: Information.obtained from local authority reports of April 1987 to the

Secretary of State, updated and augmented to September 1987,

Items { and i are prescribed requirements; items iv - vii are estimates .

only.
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GWYNEDD COUNTY COUNCIL AND THE RESERVOIRS
ACT 1975

P. Wight BSc BA MSc MIMM FGS

Gwynedd County Council

SYNOPSIS

Gwynedd County Council”s involvement with the Reservoirs Act started from a
base of no previous direct experience. The establishment of a register and
procedures were undertaken in a manner probably mirrored in many other
enforcement authorities. However Gwynedd had the additional experience of
exercise of emergency powers and has applied that knowledge in formulation
of proposed emergency procedures,

BACKGROUMD

1, The 1introduction of the 1975 Reservoirs Act iunvolved the newly
designated enforcement authorities intimately with large raised reservoirs
where in many cases there had been no previgcus involvement. This paper
outlines some of the experiences and lessons learnt within one such
enforcement authority, Gwynedd County Council, since the inception of the
Act.

2. The lack of specific funding necessitated the establishment of the
required administrative and organisational syster within the existing
authority structure and without prior experience of the problems. Thus the
situation has arisen where the enforcement duties are performed jointly by
the legal section of the County Secretary’s staff and designated members of
the County Surveyor”s staff whilst the role of undertaker devolves upon the
Snowdonia National Park Committee. An unexpected bonus of this diverse
structure has been the different outlook of staff from various disciplines
when formulating our new procedures and appropriate responses during the
formative period of establishing and maintaining a register. In reality the
Courty Secretary”s staff keep the official register and deal with all
normal correspondence, whilst the County Surveyor s staff maintain the
register and ensure compliance both in administrative and technical terms.
This system provides a dual check on compliance and has served us well in
general but could prove cumbersome where a great deal of purely technical
correspondence is required and in such cases the County Surveyor would
write directly (as in the discontinuance of Llyn Cwm~y~Foel discussed
later). '

ESTABLISHMENT AND MAINTEKANCE OF THE REGISTER

3. Creation of a register was the first problem and as an enforcement
authority we had to take "steps they think are reasonably required to
inform wundertakers of the requirement”. We decided on a “broad brush”
approach and accordingly took a reservoir list provided by the Welsh
Office, added azll bodies of water held to be of sufficient size which were



Paper 1.2 - 2

visible on-the 1:50000 ordnance survey sheets and used this as a starting
point. This provided a list of some 162 bodies of water and, in the absence
of a Land Register, local knowledge of the area staff was used to ascertain
as many of the landowners /undertakers as possible. 4l1 parties identified
at this stage were notified with an appropriate letter considering the fact
that the information may have been inaccurate or the body of water only a
natural lake. In the meantime consultation with the Welsh Water Authority
and the Central Electricity Generating Board clarified which of their
reservoirs were affected and also provided the first series of required
information to test the adequacy of our proposed register format. In
addition it provided the first real idea of the magnitude of the task since
although their reservoirs had invariably been inspected, notices issued and
works undertaken even here the odd report or certificate had gone astray.
The format chosen for the register was a loose leaf, A3 sized, sheet which
has not required any revision since its inception. The sheet or sheets for
each reservoir are held in a plastic wallet and the wallets are gathered
together in a binder. The flexibility this gives has been of advantage in
coping with varying amounts of data ranging between a simple reservoir with
just ten yearly inspections and a situation as at Llyn Trawsfynydd where
reports were being made every six months together with recommendations for
measures in the interests of safety.

4. The next major operation was to visit all the outstanding sites to
formulate our interpretation of their standing with regard to the Act., If
the body of water was not wholly natural then possible maximum water area
and retained depth were used together with a reduction to allow for the
cross sectior in order to classify all bodies of water as a) definitely
within b) uncertain ¢) definitely outside the Act. This operation led to
the removal of a large number of possible sites which were too small,
natural lakes or, 1in one case, discontinued and built upon, At this stage
the full 9 month period for establishment had elapsed and so the initial
register was compiled incorporating all sites in classes a) and b)
comprising a total of 7( reservoirs, many of which had solely a grid
reference and a name. The reservoirs and other bodies of water outside the
Act have been maintained on a supplementary list to enable a check  against
any future query as to their status.

5. Work since the establishment of the register has been threefold in
maintaining complete records, work to obtain records from undertakers in
default of their provision and attempts to c¢larify the position of
reservoirs where we were uncertain of their true status., Uncertainty has
been due to i} uncertainty as to exact volumes ii) doubt on interpretation
of capacity to hold and iii) the possibility of 2 reservoirs being lagoons
under the Mines and Quarries Act. Our efforts to resolve the wuncertain
reservoirs have been through in~house surveys of volume and where required
the appointment of an All Reservoirs Panel Engineer to advise on their
status. - The work has not always been straightforward as in the case of one
semi=drained reservoir where unexploded mortar shells hampered safe
surveying or the interpretation of fully silted and habitually empty
reservolirs. However these exercises have removed 2 number of reservoirs
from consideration some 7 being removed from the register as a result.

6. The other cause of a decline in numbers on the register is the tendency
to carry out works sufficient to reduce the retained volume below 25000
cubic metres and obtain z certificzte of discontinuance. This trend has
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been quite strong in the county but perhaps because of the influence of the
National Park Authority there has been little tendency ta cempletely drain
reservoirs and often the reduction has had little effect on surface area.
However 1t may be an expression of the perceived effectiveness of the new
enforcement authority structure that undertakers are taking measures to
remove themselves from the ambit of the legislation where under the
previocus Act no action was taken, At present & reservoirs have been
discontinued since January 1986 whilst several others are being considered.

7. In terms of maintenance of the completed register we have decided to
allow a two month period after the due date of inspection before.,initially
politely, reminding an undertaker that it is overdue. Much discussion ss to
what was a reasonable time for an Inspecting Engineer tc complete and
submit a report preceded the decision, the longest period we have currently
recorded is 15 months!. Obviously less time will be allowed before
enquiring about important works required in the interests of safety and it
is of considerable assistance where the Engineer stipulates a time period
for their completion. Public safety is always a prime concern for a local
authority and as such brought Gwynedd direct involvement with a large
raised reservoir at an early stage in the implementation of the Act and
before full inception of zll of its sections,

LLYN CWM=-Y-FOEL DISCONTINUANCE

8. Llyn Cwm=-y-Foel was a large raised reservoir of some 80000 cubic metres
capacity situated at SH 655 466 in the Sdowdonia National Park above the
valley and village of Croesor. It was constructed at the turn of the
century as a masonry dam at to provide electricity for Croesor slate quarry
but had been disused for many years, On the 7tk of November 1985 a walker
reported to the North Wales Police that the dam was leaking, it is probably
ne coincidence that a programme 60 years after the 1925 Coedty failure
outlining its effects on Dolgarrog had just been televised. The police
contacted the Welsh Water Authority and National Park Wardens who visited
the site in the dark. The police were unaware of the County Council’s new
role and in any event no special emergency procedures for reservoirs vyet
existed (the emergency powers had not yet been enacted). The following day,
in the afternoon, the Council was informed; the reservoir was already
listed as being within the Act and our previous visit to assess capacity
gave a trough volume estimate however the question of ownership had not been
resolved. OQur initial reaction and response was hampered by a lack of
previcus knowledge of the state of the structure and the possible effects
that £failure might have on the valley and village, this point will be
further considered in the description of our present envisaged emergency
procedures. As the Authority was unable to trace the persons responsible we
arranged for an engineer on Panel 1 of the 1930 Act to inspect .the dam as 2
matter of urgemcy. ¥r R, M, Arah, Binnie and Partners was appointed and
inspectec the dam the following day.

9. In terms of an immediate emergency Mr Arah concluded that there was no
vigible 1indication of any fundamental structural distress but local
detericration of the upper masonry was allowing leakage. In bhis report he
included the possible effects of failure and further made recommendations
in the interests of safety that either
a) The dam should be repaired to prevent further deterioration and the
draw off pipes and conrtrol valves put into working order, or
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b} the reservoir should be safely discontinyed by progressive

breaching until the dam wzs no longer cazpable of holding 25000 cubic

metres above the natural ground level. '
Mr Arah further recommended that until one or other of the above measures
had been carried out that the dam should be -inspected and reported upon at
wouthly intervals and particularly after floods or periods of severe cold.
The Courncil opted to retain Binnie and Partners to carry out the monthly
inspections rather than imvolve the County Surveyor”s staff. The initial
report and subsequent monthly inspections were forwarded to the two parties
in possible ownership as they were received.

10. The monthly inspections continued until the summer of 1988 by when it
was apparent that the matter of ownership would not be easily resolved and
that the inspections would represent an ongoing cost to the Authority.
Additionally and more importantly deterioration of the dam had been
observed during the monthly inspections carried out over the winter.
Bearing in mind the isolated location of the darm the necessary works were
required to be undertaken in the summer if further deterioration was to be
avoided. The Panel Engineer recormended discontinuance and the Authority
decided to execute its powers under section 16 and proceed to
discontinuance in accordance with section 13, therefore Mr Arah was further
appointed 1in July to supervise the discontinuance. It was first necessary
for the Authority to consult with all bodies and persons who could be
affected by the discontinuance of the reservoir and consequent release of
water into Afon Croesor. Thus, for instance, at a meeting with the Welsh
Water Authority it was agreed that the water level and water quantity would
be " monitored during water release to safeguard against possible flooding,
erosion and pollution due to suspended solids or lowering PH values., All
houses - in the vicinity were visited to inform their occupants of the work
and the probable owners were also kept informed. '

11, The dam is in an extremely isclated location some 300 metres above and
1.2° kilometres away from the nearest point accessible to vehicles {(on the
valley floor) from where the ascent is across oper hillside without even a
footpath to the site. We were extremely fortunate to obtain the assistance
of the Army on exercise and National Park Wardens to carry the required
equipment up to the site, even so there were only light hand tools and a
small portable hydraulic generator {(which was to prove invaluable). The dam
is a gravity structure comprised of masonry bedded in mortar and has three
distinct sections, the highest section extends about 30 metres from the
left abutment and spans the deepest part of the valley some 6 metres below
crest level and also has the drawoff pipes. The wmiddle section 20 metres
long, at an angle to the first contained a lowered overflow sectior some 3
.metres above the bedrock whilst the final section, roughly parallel teo the
first is 20 metres long and generally conly 2 metres high. The intended
method of breaching was to open a small slot in the third section and
progressively deepen it to 1.5 metres a similar slot would then be taken in
the centre section down to 3 metres with a final opening in the highest
section if required to achieve the reduced volume.

12. The work was begun in August and wundertaken by a gang of four men from
the Council’s Direct Labour Organisation, 1in the event it called for much
more strenuous efforts than perhaps was anticipated. On the reservoir face
a2 concrete skin with minor mesh reinforcement presented no particular
problems but the stones in the front metre were a resistant igneous rock
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which was particularly difficult to remove. Behind this first metre the
rest of the structure comprised a local shale which could be cut through
with the help of hydraulic breakers. " Forming a slot by removing the stones
involved all four men and the compressor working all day to produce 4 slot
0.5 by 0.5 metres. It became progressively harder as the working space
reduced in the slot with depth and a constant flow of water through the
opening after the first day made work difficult. Additionally weather
conditions were unpredictable and strong winds meant the men had to work
with safety lines and lifejackets in case they were blown off the
structure. A control centre manned by Council staff was maintained in the
village during this period with radio contact with an engineer overseeing
work on the dam and monitering as agreed with the Water Authority was
undertaken by their staff. This phase progressed close to schedule despite
the difficulties the men encountered and at the completion of two weeks
work a satisfactory level for the reservoir had been achieved. The volume
was c¢hecked by a land survey using electronic survey equipment whilst the
depth of water was checked by soundings. A finished level with the centre
section of dam removed to bedrock was found to reduce the volume below
25000 cubic metres, a situation that made producing a satisfactory
structure and spillway an easier task.

13. The work received a lot of publicity loczlly and as a result further
information as to the history of the structure was drawn to our attention
by members of the public. The dam had been renovated in 1949 when the
landowner was. Clough-Ellis of Portmeirion. Several old press -cuttings had
‘been kept because the works had been billed® 2s the first commercial
demonstration of the use of a helicopter to lift materials (during which
one of them had crashed at the site). They also revealed that the structure
had been gunited/grouted in some form accounting for its resilience during
discontinuance.. This type of information is likely to be lacking for many
of the old reservoirs around the country and although it is outwith the
strict requirements of the Act a desk study of local records, archives etc
such as would be undertaken prior to a site investigation may well prove
fruitful 1in bringing to light significant information relevant te some of
the more obscure reservoirs,

14. Further work was required to widen the narrow slot in the centre to
form a gap sufficient to satisfy the Engineer it was no longer capable of
impounding wmore 25000 cubic metres. Additionally pointing of loose stones
on the remaining structure was required., We were again fortunate to receive
assistance from the Army with transport of materials to the site, this time
utilising helicopters, as a training exercise. We also employed a team of
divers to investigate the now defunct drawoff pipes. Large stones had teo be
removed from the vicinity and the three pipes examimed, two had gate valves
which were badly correded whilst the third pipe was blanked off in the
reservoir. All the pipes were blanked off in the reservoir by the divers
and subsequently plugged with cement grout.

15. On completion of all these measures Mr Arah issued a discontinuance
certificate (22nd October 1986) and the reservoir was removed from the
register.The costs incurred by the Council amounted to some £360C for the
initial and monthly inspections and £15000 in connection with the
discontinuance, and we are currently seeking to recover some of these costs
from the owners. Subsequent to these events we assessed what was required
to meet” our ocbligations under section 16 of the Act and decided that
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specific procedures should be laid down and I would like to deal with these
next.

ESTABLISHMENT OF EMERGENCY PROCEDURES -

l16. One of the features that became apparent at an early stage of the
incident at Cwm~y-Foel was that contact with someone with previous
knowledge of the reservoir condition together with an ideaz of the 1likely"
effects of failure would have been invaluable in gauging the required
response., Therefore all Supervising Engineers of reservoirs for which the
county is enforcement authority have been approached to provide an
emergency 24 hour contact to be incorporated into our emergency procedure.
Additionally the risk category of each reservoir as considered by the
Inspecting Engineer has been noted. This information is provided to all -
persons on the County Surveyor”s staff involved as possible contacts for
reservoir emergencies. We have also ensured that the North Wales Police
Operations Room is aware of our role and will initially refer all possible
reservoir emergencies to the Authority and have accordingly mapped out the
following strategy to dovetail inteo the pre-existing County emergency plan.
1) N. W. Police contact the County Council emergency contact using the
normal emergency procedures with as much detail as possible. The
contact will then contact nominated staff on the County Surveyor”s
staff who will be supplied with a list of registered reservoirs and a
supplementary list of Welsh Water Authority reservoirs. The officer
contacted will consult the lists and act in accordance with 2) 3)or 4)
2) a) For reservoirs not included on either list the police and
Emergency Planning Officer will be informed of the fact and that
the reservoir is not therefore the Council”s responsibility.

b) For a non-registered W.W.A. reservoir the police and E,P,O.
will be informed the reservoir is not registered but believed to
be owned or operated by W.W.A and the police may contact them.

In either case the officer may offer the services of the County
Surveyor®s staff for further assistance (road closures ete)
through the normal 24 hour area system. .-
. 3) For reservoirs of category D on the register no further action is
required wuntil the following day. The police and E.P.0. will be
informed of its status. The officer will have responsibility for
ensuring the matter is fully followed up the next day. If the police
believe an additional hazard exists they may recontact the officer who
will then treat the reservoir as a higher category.
4} For all other reservoirs the officer will contact one other of the
nominated officers and they will proceed to the Council”s headquarters
where the relevant cocuments for reservoirs are held. 1In the case of
category A reservoirs the E.P.0. will also zttend to assist. They will
attempt to <contact the Supervising Engineer and Undertaker. One
officer- will proceed to site and arrznge to wmeet the police, National
Park Wardens and establish mobile communication as necessary. In the
case of W.,H.A. or C.E.G.B. reservoirs if may not be necessary to
attend site if early contact can be made with a responsible officer.
5) If z threat to persons or property appears to exist the Supervising
Engineer will be asked for his proposals to deal with the situation.
If the Supervising Engineer or Undertaker cannot be contacted or
appear nmnot to be acting sufficiently quickly or competently the
Council will contact an independent wmember of the All Reservoirs Panel
and 1if appropriate appoint him as an Inspecting Engineer under
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section l6.
6)The E.P.0. will remain responsible throughout any emergency arising
out of the above for liason with press and public. The County
Surveyor”s staff will remain responsible for conduct of operations at
the site until either the Supervising Engineer confirms his intentions
or an Inspecting Engineer is appointed. Any request for assistance
from the Supervising Engineer/Undertaker will be given on the grournds
that costs will be recorded and may be recovered later. Following
" appointment of an Inspecting Engineer by the Council the County
Surveyor“s staff will be responsible for ensuring his requirements are
carried out as promptly and efficiently as possible. On completion of
the alert a full report will be made of the nature of the incident and
the action taken, :

17. We obviously hope that we will not have occassion to test the
effectiveness of these arrangements which have taken full advantage of the
lessons that were learnt during our connection with Llyn Cwm-y-Foel. The
clearest impression we received during that incident was the need for early
information, a good organisation with knowledge of where assistance may be
available and ,in a mountainous region ‘with poor access, excellent
communications. This paper is presented by the kind permission of Mr H., E.
Davies, County Surveyor and Mr H. Eilis Hughes, County Secretary.
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ENFORCEMENT OF THE RESERVOIRS ACT 1975 -
EXPERIENCE IN LANCASHIRE

A G Morris BSc (Eng) MICE MIHT

Senior Principal Assistant, County Surveyors Dept, Lancs CC
SYNOPSIS _

In common with the other non-metropolitan counties in England and Wales,
Lancashire County Council acquired new duties and powers as a local
authority and an enforcement authority under the Reservoirs Act 1975 which
became operative in stages between 1983 and 1986, The paper describes the
investigations carried out to establish the likely scale of the County
Council's involvement, the organisation set up to deal with obligations
under the Act and some of the problems, technical, legal and financial,
which have become apparent during the first two years since the Act came
into full operation in the County area.

INTRODUCTION

i. The Reservoirs Act was placed on the Statute Book in 1975, but then
remained inoperative for eight years awaiting the making of secondary
legislation. The first step towards implementation of the Act came In
November 1983, with the making of a Statutory Order enabling the Secretary
of State for the Environment to make further Orders and Regulations and
authorising the setting up of panels of .qualified civil engineers for the
purposes of the Act.

2, Subsequently, the remaining sections of the Act were brought into
operation within the shire counties in two phases. Registration of all
existing large raised reservoirs was required during a nine moath period
commencing on ! April 1985. On that date local authorities as defined by
the Act, were given power of entry onto land and power to take emergency
action under Section 16,

3. All the remaining powers and duties, including enforcement powers,
came into operation in the shire counties in April 1986. Simultaneously,
registration commenced in the areas of the former metropolitan counties,
where the Borough Councils now became local authorities under the Act.
Full implementation in the metropolitan areas followed in April 1987.

Powers and Duties of Local Authorities

4, Prior to the implementation of the 1985 Act, County and District
Councils had permissive power, under the Reservoirs (Safety Provisions)
Act 1930, to call for information from undertakers. In cases of default

they could seek enforcement of the requirements of that Act through the
Crown Court (originally the Quarter Sessions), They had no obligation to
take such action and their powers were, in fact, no greater than those of
any resident or property owner whose interests were likely to be at risk
from an escape of water, Very few enforcement actions appear to have been
taken under the 1930 Act and these can hardly have been encouraged by the
scale of sanctions available to the Courts.
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5. For those bodies defined as local authorities under the 1975 Acc,
the major change following its implementation lay in the specific duty
which they now had to secure that all undertakers (other than themselves)
should observe and comply with all the Act's requirements.

6. It is not proposed in this paper to rehearse in detail all the
various powers and duties arising under the Act and its dependent Orders
and Regulations, Suffice 1t to say that, 1in any particular set of

clrcumstances, careful study is often needed to establish the procedures
required of the undertaker, the inspecting engineer, the construction or
supervising engineer, the enforcement authority and any other local
authority involved,

County Council involvement

7. It is not readily appareat why the County Councils should have been
chosen to act as local and enforcement authorities under the Act.
Historically they have had no water supply functions and they are unlikely
to have any staff with directly relevant engineering training or
experience. However, it appears to have been conceived that the local
authority's task would be purely administrative., This view was stated in
a consultation paper issued by the Department of the Environment in 1982
(1) and it appears to be implicit in the final section of the DoE Circular
(2) explaining the workings of the Act. The latter, not unusually for
government documents placing additional duties on local authorities,
states that no additional staff or rvesources will be necessary and that
the cost will be insignificant. No supporting data is given for this
convenient conclusion. .

-8, In fact, experience in Lancashire has shown that a certain degree of
civil engineering input is essential, and other professional services are
also involved. The enforcement duties under the Act do not fit
conveniently within the traditional departmental organisation of a County
Council and yet, even 1in those counties with the largest onumber of
reservoirs, these duties are not of sufficient extent to justify the

establishment of a special unit. In consequence, 1in individual
authorities, the reservoirs function has been undertaken by a variety of
committees and chief officers. This appears to have led to some

difficulty for the local authority and chief officer organisations in
responding to government consultations and initlatives with respect to the
Act. It has largely been left to BNCOLD and the Institution of Civil
Engineers to provide a forum in which local authority representatives may
discuss the working of the Aet with undertakers and panel engineers,

Preliminary Studies in Lancashire

9. County Council invelvement with reservoirs began in Lancashire as
far back as 1970. In that year the County Council (for 'old' Lancashire)
agreed to wundertake, on behalf of the District Councils, a survey of
information available on reservoirs coming under the provisions of the
1930 Ace. This was done solely by correspondence with the District
Councils and known undertakers., A schedule was prepared giving the names
of reservoirs, the names and addresses of undertakers and any available
information on inspections and certificates. Unfortunately, in the light
of later developments, map references were not included, and the schedule
was not subsequently kept up to date. ‘ ‘
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10.  In March 1986, following the passing of the 1975 Act, Lancashire
County Council delegated 1its new responsibilities to the Land and
Buildings Sub-Committee. No further action was necessary at that time as
the Act remained dormant. In February 1982 the Department of Eavironment
wrote to District and Borough Councils reminding them: of the provisions of

the 1930 Act and stating that the Secretary of State was satisfied that-

most problems of reservoir safety could be dealt with by its proper
application, These Councils were asked to check on reservoirs in their
areas to ensure that the 1930 Act was being complied with and that they
were adequately using their powers., They were also asked to complete a
questionnaire giving details of all relevant reservoirs. The letter was
copled to County Councils, but no action was required of them, According
to Goode (3), response to the questionnaire was poor. It was intended to
issue a follow-up questionnaire in 1983, but this was not done, presumably
because it had been overtaken by preparatlon of the Consultation Paper (l)
on the 1975 Act which was issued in October 1983.

1i. Following receipt of this Consultation Paper, the County Council

initiated a study to establish the likely number of reservoirs to be’

registered and the organisation necessary to carry out registration and
enforcement duties. A desk study of the County area from the 1/50,000
scale 0.S. maps revealed 600 'areas of blue' which might be reservoirs.
This was followed by a more detailed study on the 1/250,000 0.S. which,
combined with local knowledge, reduced the number of possible large raised
reservoirs to just under 200, ° ‘

12. An analysis of the tasks involved in ensuring that all large raised
reservoirs were identified and registered suggested strongly that the
whole operationm should be in the charge of an experienced civil engineer
who should, in default of experience of earth dams, have a soil mechanics
background. This was because, in cases where an undertaker did not or
could not supply the basic information for registration, an early
inspection would be necessary. The object was threefold; firstly to
establish whether there was a raised reservoir, secondly to make a first
estimate of 1ts capacity and thirdly to check for any obvious signs of
danger, so that specialist advice could be sought immediately. In
connection with the last point, it was known that almost all the large
raised reservoirs in the area were retained by earth dams or embankments,
hence the requirement for soil mechanics experience.

13. It was therefore decided that the reservoiré function should be
centred 1in the County Surveyor's Department, which would supply the
engineering and administrative staff. Associated legal, planning, land
survey and referencing work would require input from the Chief
Executive/Clerk, Director of Property Services and County .Planning
Officer, whilst the County Treasurer would have to deal with any question
of finance. Initially the work was to be carried out wihtin existing
resources but, from the outset, it was considered unlikely that this state
of affairs could continue indefinitely and that eventually some formal
allocation of staff resources would be necessary.

14. In March 1984 action was taken to draw up a Provisional List of
known or suspected large raised reservoirs. The District Councils were
asked to make available any informatiom they held, the North West Water
Authority were asked to identify their reserveirs and all previously
listed undertakers were asked to confirm their interest or give
information on any change of ownership. A press release was also issued
asking private reservoir owners to contact the County Council, but with
no response.
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. The 1970 schedule was found to be of little use because the administrative
area of the County had been changed so considerably at local goveranment
re-organisation in 1974, Many of the reservoirs listed were found to be
now outside Lancashire, whereas the areas of the former County Borough
were not covered, However, information on those reserveoirs formerly in
the West Riding of Yorkshire had been handed over. The amount of
information held by the fourteen District Councils varied widely. One or
two had already carried out a full survey of their area and were able to
give information, not only on reservoirs affected by the 1930 act, but
also others which were outside the Act. Other Districts were able to
supply 1incomplete lists and some had no information, A review of the
County Council's own land holdings showed that these did not include any
registrable reservoir.

15. In setting up a referencing system for all reservoirs on the
Provisional List it was found that the whole area of the County lay
conveniently within a single 100 km square (SD) of the National Grid. It
was therefore possible to allocate each reservoir a four figure reference
-number representing the lowest numbered 1 km grid square within which the
reservoir lay, (This is normally the square containing the SW corner of
the reservoir). In a few cases, where two smaller reservoirs would
otherwise have the same number, a further two figures were added to give
the 100m reference within the 1 ¥m square and thus distinguish the two.
This reference system is now used for the Statutory Register and all
files, reports and records.

Registration

16, The value of the preliminary work became apparent when the
Reservoirs Act 1975 (Commencement No 2) Order was made in February 1985,
only six weeks before it came into force. Local authorities affected were
then required to take steps, within three months of the commencement date,
to inform undertakers of their duty to register. 1In Lancashire, this was
done by press advertisement, by the issue of a further press-release and
by letter to all the undertakers previously identified.

17. Since the North West Water Authority had by far the greatest number
of registrable reservoirs in the County, consultations were held on the
form in which their registration information was to be submitted. The
objective was to facilitate the transfer of information from the NWWaA
computer printout to the computer input for the Statutory Register to be
set up on one of the DRS terminals in the County Surveyor's Department.
In the event, due to delays in the setting up of the County Council
database, for an interim period the Register consisted of the NWWA
printouts with the addition of manual entries for other undetakers.

18, By the end of the initial registration period 99 reservoirs had been
registered, of which 91 were owned by the Water Authorities and the
British Waterways Board, whereas only eight were in local authority or
private hands. A further seven reservoirs had been 1inspected and on
survey evidence were found not to need registration. Thus there were a
further 90 to 100 entries on the Provisional List which had not been
registered, although it was recognised that a substantial proportion of
these eventually be found not to come under the Act.

19, With the limited resources available it was not found possible to
deal with all the outstanding cases in the three month period before the
Act came fully into operation. However the first report to the Secretary
of State, made in April 1987, showed that 118 reservoirs had then been

registered and emergency action had been taken in one case,
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20, New registrations can be expected to occur very seldom, and the
total number of registrations is likely to decrease since discontinuance
works are planned or in progress in a number of cases.

COMPLICATIONS ARISING DURING REGISTRATICN

Cross—-Boundary Reservoirs

21. In spite of the efforts of successive Boundary Commissions, most of
our present local goverament boundaries are several hundred years old,
although the administrative units they separate may have changed several
times. These old boundaries frequently followed the course of a stream.
When the valley of that stream has been subsequently dammed, the boundary
will be found to bisect the resulting reservoir which, 1f of sufficient
capacity, must be registered with both local authorities. They must then
agree which of them will assume the enforcement powers. Nine such cases
occur in Lancashire. Eight of these lie on the boundary with a
Metropolitan Borough and were affected by the interim arrangements whereby
the County Council was required to act as enforcement authority until cthe
Act was fully implemented in the metropolitan areas. In one case this
ruling applied even though only a very small area of the reservoir, remote
from the dam, lay within the County. Agreements have now been reached in
all nine cases, mainly by applying the principle that enforcement should
lie with the authority whose area would suffer most in the event of a dam
failure.

Definition of a Large Raiséd Reservoir .

S22, Section 1 of the 1975 Act defines a "large raised reservoir' as one
-designed to hold, or capable of holding, more than 25000 cubic metres of

water above the natural level of any part of the land adjoining the
reservolir, Thus a distinction is drawn between the natural ground
surrounding the reservoir and the artificial dam or structure forming it.
In most cases this definition works very well, although there could be
argument over the meaning of "adjoining". However, much of the surface of
these islands has been disturbed or altered by man and cannot be called
natural. TIn consequence, any water filled depression in an area of made
or disturbed ground is, if of sufficient size, subject to the Act. This
will include large lakes or lagoons in, for instance, a restored open-cast
mining site or an area of land reclaimed by tipping. In Such cases there
is often no discernable retaining structure and negligible risk of an
escape of water.

23. There must alse be some doubt about the applicability of the Act to
a marine lake, separated from the sea or estuary by an embankment, where
the water level 1s maintained at a level within the tidal range and the
adjoining natural ground is below high water mark.

24, It appears to be firmly established that an embanked flood control
reservolir, even though only occasionally used, is subject to the Act.
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Marginal Cases

25. It is difficult to judge the capacity of a reservoir by wvisual
inspection or even by measurement of the plan area and the height of dam.
In cases where the undertaker claims that the reservoir does not require
registration, the DoE Circular (2) suggests that a joint survey, or a
survey by the local authority alone should settle the matter. This
problem has not yet occurred in the author's experience, but it must be
pointed out that the undertaker may not agree to a joint survey and the
Courts may not accept the authority's survey. It would have been better
if the legislation had required that, in such cases, a survey by an

‘independent and properly qualified third party should be commissioned.

Divided ownership of a reservoir

27. In the field of public or industrial water supplies, the operator or
user of any reservoir will normally control the whole of the reservoir and
its assoclated works. This is not invariably the case with ornamental
waters or other reservoirs not currently used as a source of supply. It
is possible for ownership boundaries to bhave been drawn up without
consideration of the need for maintenance works and possibly even without

knowing that the water was an artificial reservoir. In one such case 1in.

Lincashire the ownership of the water area is divided between two parties,
whereas the earth dam, except for the submerged part of the upstream face,

‘is in a third ownership. = In this case all three parties have been

required to register as undertakers and, upon legal advice, are held to be
jointly and severally responsible under the Act.

Content of the Statutory Register

28, Under the Registers, Reports and Records Regulations 1985 the
Register maintained by each local authority 1is required to contain a
summary of all certificates or reports received under the 1930 and 1975
Acts, 1including four specified items. it is ‘unclear what, 1if any,
additional 1information 1is 1intended to be included. To precis every
engineer's report would be a considerable task and would add greatly to
the size of the Register. ©On the other hand it is doubtful whether any
part of an engineer's report other than the Register entry should be open
to public inspection. At present, the Register for Lancashire contains
only the details specifically listed in the Regulations. So far, there
have been no requests for further information.

29, The section of the Register entry relating to the physical details
of each reservoir 1is still 1incomplete in many <cases, since this
information was not required to be notified at registration. Complete

records are not likely to be available wuntil after 1996, when all
reservoirs have been inspected under the 1975 Act and reports received,

ENFORCEMENT

30. In the case of the great majority of large raised reservoirs the
undertaker is either a public body or a large industrial concern. There
should be little doubt of the intention and ability of these undertakers
to comply with the Act although, due to Govermment restraint on capital
expenditure, the public bodies may have difficulcty in programming major
works. It is of considerable assistance to the enforcing authority if
undertakers will keep them informed of progress towards the completion of
works recommended in the interests of safety.
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Qtherwise, to take for example the normal inspection procedure, the
authority has only to be. formally notified of three events: appointment of
an inspecting engineer, issue of his report and/or certificate and,
subsequently, the issue of a certificate of satisfactory completion. The
intervals between these events may be considerable. The authority, if not
kept informed, will have to enquire whether an inspection has occurred and
that measures are belng taken to carry out any recommended works,

31. Where an enforcement authority considers that an undertaker is not
carrying out works rtecommended 1in the interest of safety, they are
empowered to serve notice requiring the undertaker to do so without delay.
Before doing so, however, they must consult an appropriate panel engineer
as to the time to be allowed .for completion of the works. This presents a
certain difficulty, since such works are frequently recommended to be
carried out "as soon as possible.” Few panel engineers will then be
willing to go on record as stating that the works need not be completed
for, say, twelve months. In such cases the authority may have to fall
back upon the judgement of their own officers.

32. The experience in Lancashire has been that by far the greatest part
of the enforcement worklocad arises from a comparatively small number of
reservoirs in the hands of private individuals, members c¢lubs, and
property companies. A few of -these reservoirs were c¢reated as ornamental
lakes, but the remainder are relics of the industrial revolution,
Typically, they at one time served a textile mill, now defunct, whose
premises have been re-developed or split up into small units, .The
ownership of the reservoir may remain with a developer or have been sold
off to an angling club. ) )

33. Most of these reservoirs have had no inspection or maintenance since
their original use ceased,. When registration and inspection have been
effected it 1s likely that the necessary work will be completely beyound
the resources of the undertaker. These cases present the authority with a
considerable problem, since the pursuit of formal enforcement procedures
is unlikely to produce any effect apart from the winding~up of the club or
company involved. No specific govermment grant is available in order to
make a reservoir safe although, means may be found to include the
reservoir works in some wider programme of environmental improvement or
industrial redevelopment which can attract grant aid. If the authority
commissions the necessary work, the <cost will rank as prescribed
expenditure under the Local Govermment, Planning and Land Act 1980 and
will be chargeable against the authority's capital allocation. Under such
circumstances the autherity could only consider the minimum cost scheme
which would probably lead to the discontinuance of the reservoir and the
loss of any environmental value it may have possessed.

34, At the time of writing, the Lancashire County Council has so far not
had to commission any works directly but, in several cases, negotiations
with undertakers and possible funding agencies are still in progress.
Should the authority find it necessary to fund any substantial part of the
cost, it could only be at the expense of some other element of their
capital programme.

CONCLUSION

35, The initial tasks of locating large raised reserveirs, identifying

undertakers and securing registration and 1inspection is now virtually
completed, Registrations of new reservoirs are likely to be few but
discontinuance of reglstered reservoirs will continue as undertakers take

action to minimise future maintenance costs.
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There will remain a continuing workload in monitoring the cyele of
inspections and remedial works. The effect of privatisation of the water
industry upon the local authorities has yet to emerge.

36, The outstanding major problem resides in ensuring the safety of
those reservoirs of no commercial value and now in private hands. This
problem seems unlikely to be solved until some adequate Fform of central
funding 1is made available either to undertakers or to the enforcement

authorities.
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SYNOPSIS

Faced with wunpalatable cbsts of -repairs to old dams to comply with the

recommendations of inspecting engineers, reservoir owners have increas-
ingly turned to discontinuance. .

Discontinuance must render the dam incapable of impounding more than
25 000 cubic metres of water above the lowest level of the surrounding
land. It is often cheaper to dispense with the impoundment completely,
and the methods are discussed.

The paper describes the discontinuance of five reserveirs in the Pennines,
based on substantial breaching or total removal of the dams. There have
been numerous problems: planning approvals, silt control, conservation
interests, landscaping, affected ‘landouners, downstream flood aggravation
and the stability of the re-established water course through the reservoir
basin and dam site. In. each of the schemes different problems have
predominated.

INTRODUCTION

1, There are over 2000 reservoirs in Great Britain. Most were built in
the last century and the vast majority are formed by earth embankments,
It is not surprising that some of these reservoirs have become unsafe and
that, where they are alsc redundant, the owners should seek relief from
future risks and maintenance costs. '

2, It took several major dam failures before reservoir safety became the
subject of legislation in the form of the Reservoirs (Safety Provisions)
Act of 1930, which laid down requirements for the design and construction
of reservoirs under the supervision of authorised civil engineers and for
periodic inspections at intervals not exceeding 10 years.

3. Although it was not brought into effect until recently, the Reservoirs
Act 1975 was passed to overcome the shortcomings of the 1930 Act in three
main respects: in placing reserveirs under continuous supervision, giving
local authorities the duty of enforcement, and in the keeping of registers
of reservoirs. The 1975 Act applies to those reservoirs capable of
holding at least 25 000 m' of water above the level of the adjoining
land. The process by which a reservoir can be taken out of the ambit of
the Act, by rendering it incapable of holding that volume, is called
"discontinuance". The Act lays down procedures to be followed; and the
works required to achieve discontinuance have to 'be carried out in a
manner approved and supervised by an engineer qualified under the Act.
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THE CASE FOR DISCONTINUANCE

‘4, The decision to discontinue a reserveoir is commonly influenced by the
costs of the repairs needed to restore the structure to an acceptable
standard of safety. If the present value of repairs and future operating
costs exceeds that of discontinuance by more than the present value of
future benefits from water abstraction, angling and so on, .then the
economics favour discontinuance. '

5. The principal defects requiring repairs and improvements can be

summarised as follows: : . . -

- distress 1in the dam embankment, 1including excessive seepage or
settlement, or instability of the dam shoulders;

- collapsing culverts or correding pipes buried in the embankment;

- insufficient means of emptying the reservoir or of lowering the water
level in an emergency; and

- inadequate facilities for the safe discharge of floodwater from the
reservoir.

6. Excessive seepage through a dam embankment or high porewater pressures
could result in a loss of material from the dam, leading to a progressive
enlargement of the seepage passage, instability of the downstream
shoulder, and eventually a rapid washout of the embankment. Instability
of the dam shoulders carries with it the risk of a loss of support of the
central impermeable core (if the dam has one), leading to fracture and
seepage, or overall instability of the embankment as a water-retaining
structure. '

7. In many old dams, the drawoff pipework is buried directly in the dam
fill, or at best in a shallow trench below the dam. Such pipes are
vulnerable to tension if the base of the dam spreads as the embankment
consolidates, or the valves may have seized up through lack of use, or the
inlet blocked with silt. Although it may be possible to perform a limited
internal examination by CCTV, the external condition of the buried
pipework cannot be certain. Moreover, 1t might take weeks to
significantly lower the water level in the reservoir, should it become
necessary in an emergency.

8. Inadegquate overflow weirs and spillways are frequent problems with old
dams and are often aggravated by settlement of the embankment, reducing
the freeboard between the overflow weir level and the dam crest. The
science of hydrology has advanced considerably as additional data on
rainfall and floods have been collected, and the consensus regarding the
acceptable risk of a dam being overwhelmed by an incoming flood appears to
have become more conservative. A several-fold increase in discharge
capacity of the existing overflow weir and spillway channel may be
required,

METHODS OF DISCONTINUANCE

@. There are two principal options for rendering the reserveir incapable
of holding more than 25 000 m* of water:

- retaining a lake small enough to be outside the ambit of the Act; and

- dispensing with the reservoir completely.
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10. Retaining a small lake has the advantage that it can act as a silt
trap, so that 1less of the sediment which has accumulated since the
reservoir was formed will be liable to be washed downstream, or reqguire
removal or treatment, It will also probably involve less of the dam
having tco be removed and may be preferred on amenity grounds. On the
other hand, the remaining lake is likely to require a new overflow and
spillway, as the original ones will have been left high-and-dry by the
lowering of the water level. Although liability under the Act will have
been removed, the owner will still be faced with a degree of maintenance
and will remain liable in tort for injury caused by any escape of water,.

11. Dispensing with the reservoir will often restore the watercourse
through the reservoir basin to its original bed, so that major channel
works should not be required. “~There will also be neo risk of an escape of
impounded water, On the other hand there can be problems with reservoir
sediments.

12. If the decision is made to dispense with the impoundment completely,
there are still choices to be made regarding how much of the dam to
remove, If the dam is situated in a steep-sided valley, it will have to
be removed in its entirety, or nearly so. With a longer dam on gentle
valley slopes, it would be possible to breach the dam effectively by
cutting a vee at or near its highest section, probably on the line of the
original watercourse, leaving the flanking embankments, perhaps containing
the majority of the dam volume, in place. Clearly aesthetics and
landscape considerations can have a major influence in this decision.

13. The feasibility of discontinuing a reserveir by forming a culvert or
tunnel through the dam may also be considered. However, this method is
generally more costly for the smaller dams likely to be dlscontlnued and
has several significant practical and safety drawbacks:

- it is necessary to achieve an effective seal around the culvert where it
crosses the core of the embankment, to prevent erosion of the material
surrounding the culvert if the inlet becomes surcharged during a flood;

- there will be a risk of the inlet becoming blocked by debris or by
landslips on the face of the dam or the sides of the valley just
upstream;

- maintenance of the embankment and culvert will be required in
perpetuity; and

- there may be difficulties in providing for the safe passage of
floocdwater during the rélatively lengthy period required to carry out
the works.

]

PRINCIPLES OF DAM BREACHING OR REMOVAL

la. Clearly the process of dam breaching or removal has to be accomplished
in a safe manner, without creating risks greater than those already caused
by the existence of the deficient reservoir. The principal problem is
that runeff from the catchment will continue throughout the coperation and
that the risk of floods will continue too.” The situation may be relieved
if the reservoir has a bywash c¢hannel, but most candidates for
discontinuance have not. The reservoir may have pipework capable of
emptying it, but certainly not of preventing it from impounding in the
event of a flood. '
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15. As breaching is undertaken the effective height of the dam will
progressively reduce. At a very early stage, the existing overflow will
become unusable, leaving the low level pipework as the only means of
discharging any inflow. This is potentially a very vulnerable condition,
as floodwater overflowing the partially removed earth embankment would
lead to rapid erosion and the risk of a washout.

16. In designing the breaching operation, it is vital to carry out a
detailed hydroleogical appraisal of the reservoir and catchment, to
evaluate the probability of the remaining capacity of the reservoir basin
being refilled and the embankment being overwhelmed during each stage of
the operation. This will take account of the discharge which can be
passed through the outlet pipework, any additional discharge facilities
proposed, the capacity and behaviour of the bywash (if any), and the
anticipated duration of each stage of the operation. In the light of
these studies it may be necessary to alter the design of the operation,
make provision for pumps and siphons, or impose severe progress
requirements, in order to reduce to an acceptable level the risk of the
basin refilling with water.

17. Prior to commencing the breaching or removal of the dam, it is clearly
desirable that the reservoir be emptied. As the operation proceeds, the
diminution of the reservoir capacity means that the risks of the working
area being overwhelmed will increase, but that the volume of water which
might escape will reduce. As the height of the dam is reduced, the
potential velocity and erosive power of any overflowing water will also be
reduced. Ultimately ‘the decision as to the acceptable level of risk and
the assessment of the likely consequences of overfopping during each stage
of the operation is a matter of engineering judgement, which has to be
shouldered by the civil engineer responsible under the Act for the design
"and supervision of the operation.

e—establisned
watercourse

sdu-uv\
Lme of dam crest
\_ y o~

——— — — — A — —

CROSS SECTION A-A

/Oam
—— outiine

Qutline
of dam

CROSS SECTION B-8

130

Figure 1: Removal of imaginary dam
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18. Fipure 1 shows an imaginary plan and sections for the removal of a dam
in a steep-sided valley. The volume of earthmoving is a major factor in
determining what plant is practicable, the mechanics of the operation and

-how long must be allowed for it to be undertaken. In the case of a breach

only 4m high, the volume of earthmoving involved will probably be no more
than 1000m’ , based on a typical dam geometry, breach slopes of 1 in 4 and
a base width of about 5m. This volume can be excavated in one or two
days, so the recommended method is to empty the reservoir and start
excavation early in the morning when there is a good weather forecast,
placing minimal or no restrictions on the sequence of excavation.

19. For higher dams, the operation will last longer, and a more rigorous
approach to the scheduling of the excavation is required. The procedure
which we have adopted is to excavate the breach in a series of essentially
horizontal layers, generally with a slight fall back towards the reservoir
basin. By maintaining a horizontal crest, the area over which floods
would flow is maximised so that, in the event of the basin refilling, the
depth and velocity of the flow are minimised.

20. In the early stages of excavation, the working area will be long and
narrow along the centre line of the dam crest, therefore awkward to work

in but with easy access from the abutments, As the excavation proceeds
the width quickly increases until the working area is roughly square at
mid-height. Eventually, at the later stages, the working area is again

long and narrow but with its axis running with the stream bed.

21. Although unnecessary restrictions on the contractor in the choice of
plant and method of carrying ocut the excavation should be avoided, the
designer needs to be well aware of the practicability of the breaching
sequence and what rate of progress can reasonably be achieved. He can
then use this information in estimating the risks of refilling, as
described above, and determining what additional flood discharge
provisions should be made.

ENVIRONMENTAL AND OTHER CONSIDERATIONS

22. A reservoir which has been in existence for more than a lifetime may
form a familiar and much-loved feature of the landscape, or a forgotten,
inaccessible and overgrown relic. In any case, opposition to
discontinuance can come from a variety of sources, many of whom would be
unsympathetic towards the owner's economic reasons’ for disceontinuance, or
unaware of the dangers inherent in prolonging the reservoir's existence.

23. The main forum for formal public representations over the
discontinuance plans is when the owner applies for planning permission
under the Town and Country Planning Act 1971, Although demolition of a
building does not generally require planning consent, the removal or
breaching of a dam usually does. The planning committee and their
officers are principally concerned over the physical appearance of the

. finished scheme, including the area affected by the disposal of the spoil

from the breach, but may also require reassurance regarding the impact of
the scheme on the downstream watercourse and that the interests of the
general public and any affected landowners have been properly
safeguarded, The unusual nature of the application can cause considerable
delays in the planning process.
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24, In some instances a public right-of-way exists along the crest of a
dam. The formalities of temporary and permanent footpath diversions,
extinguishment and creation orders c¢an be frustrating and complex and
appear to vary accobding to lecality. There are usually fodtpath user
groups to consult, as well as landowners and tenants affected by the
diversions. :

25. The most difficult problems to solve are often associated with the
watercourse downstream of the dam. Prior to the formation of the
reservoir this would have carried all the runoff from the catchment, but
since then it will have benefited from a degree of flood control. This
benefit could be quite substantial if the surface area of the reservoir is
more than a few percent of the total catchment or if the reservoir has
often been depleted at times of flood inflow. Significant streamside
developments may have occurred since the construction of the dam, taking
advantage of its flood control benefits, The removal of the dam
introduces new threats to those properties, unless compensatory flood
protection measures are taken.

26. The wvolume of sediment accumulated in an ¢ld reservoir can sometimes
be in excess of 50% of its original water capacity, although this will
depend greatly on the catchment characteristics and the operational
practices of the reservoir's owner. Upon removal of the dam the
watercourse across the reservoir basin will erode through the sediment
down towards its original bed, greatly increasing the load of suspended
solids in the stream below. In many cases it will therefore be desirable
to take' preventive measures in advance of breaching or removing the dam.
These measures can include:
- emptying the reservoir well in advance of the breaching operation to
enceurage drving, hardening and natural seeding of the sediments; and
- where access is practicable, removing sediments from the bottom of the
basin, particularly from the vicinity of. the watercourses which will be
re-ectablished across the basin.

27. Further sediment control measures can be incorporated in the final

design of the scheme, including:

- keeping any suitable toe wall which the dam may have, to form a small
settling pond and limit the stream gradient and hence velocity of flow;

- opting for a scheme which retains a reservoir whose capacity is small
enough to keep it out of the ambit of the Act;

- constructing shallow arresting weirs across the watercourses through the
basin; and

- artificial seeding or afforestation of the reservoir basin.

28. Even with the benefit of several of these measures, some problems with
sediment should be anticipated. -

SOME RECENT SCHEMES

22. Particular features of some recent schemes are described below and
summaries of the costs and other information are presented in Table 1, at
the end of the paper.
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The. Horsforth reservoirs

30, The three Horsforth reservoirs - Upper, Middle and Lower - were on the
outskirts of Leeds. They were constructed by the Horsforth Waterworks
Company between 1866 and 1886, and the main defects identified in the 1980
statutory inspection report were the inadequate hydraulic capacities of
their overflow weirs and spillway pipes. Feasibility studies indicated
that the cost of new spillways, other repairs and future running costs,
exceeded the likely cost of discontinuance, including establishing
alternative supplies to their service area. The reservoirs were taken out
of service in late 1984 and work on discontinuance plans started in early
1985,

31. Each of the dams had a relatively 1long crest in relation to its
height, so to limit earthworks volumes the preferred scheme was to .breach
the highest section of each dam, rather than removing the dams in their
entirety. Minimising the excavation volumes meant that the speoil could be
disposed of on site within the reservoir basins, avoiding road haulage,
but this proposal was met with some opposition from the planners, who felt
that the remaining flanks of the embankments might form discordant
features on the landscape. This opposition was overcome for the Upper
reservoir as its site was likely to be acquired by Leeds City Council,
incorporated into the surrounding golf course, and then remodelled during
redevelonment of the course,

® {Gecargng I¢ GOm CORMPaTion Srawngs }
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32. There were stronger reasons for accepting a narrow breach and
retaining the flanking embankments at the Middle reservoir, because a few
years earlier the authorities for Leeds & Bradford Airport had positioned
several substantial landing light masts on the dam (Figure 2).
Consultations quickly revealed that the lights could not be interrupted
for long enough to allow them to be dismantled, the dam to be removed and
the lights re-erected on taller masts. Figure 3 shows the location of the
breach in relation to the lighting masts,. Interruptions to the lighting
to allow cable diversions and minor modifications to the masts were
confined to a few hours in daylight during the summer.
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33. The Lower dam was shorter than the other two, with a steep abutment on
the north side of the valley, so only the southern flanking embankment was
to be left. However, it was later decided to remove most of this also, to
improve the final appearance of the site and aid access into the basin.

34, A major concern in the planning of the scheme was that downstream

flood risks should not be unduly aggravated and, to that end, substantial

improvements were proposed to several sections of the downstream

watercourse. In spite of these measures, there have been significant

flood problems at a farmyard and stables built across the valley bottom

about 500m downstream of the reservoirs, mainly resulting from blockage of

culvert screens. Further improvements have been proposéd, but are in
abeyance pending agreement with the affected landowners.

35. The bulk of the discontinuance works were carried out between July
1986 and February 1987, The c¢ritical dam breaching operations were
carried cut by a variety of methods, using bulldozers (sometimes towing
scraper boxes), backhoes and dump trucks, and the contractor achieved
earthmoving rates. of about S00 a’ /day at the Upper dam and 1000 = /day at
the - Middle and Lower dams. - Each dam toock about two weeks to breach
effectively.

Greenfold reservoir

36. Greenfold reservoir was situated about 4km north of Rawtenstall, in
Ressendale, Lancashire, and is thought to have been formed in about 1860.
The dam was found to be unsafe when inspected in 1980, so the reservoir
was taken out of service and kept empty pending repairs, The principal
defects were +the inadequate flood discharge performance and the risks
associated with the single outlet pipe, valved only.at the downstream end
and buried directly within the embankment fill. -

37. The decision to discontinue the reservoir was made in 1984 and the
scheme chosen was removal of the entire dam, because of the relatively
stesp valley sides. The spoil disposal areas were within the reservoir
basin just upstream of the dam and on fields up to about 300m distant.

38. Work on site commenced in August 1986 and was substantially completed
in January 1987. The dam removal was carried out by tracked dozers and
scraper boxes and it took about 5 weeks to remove 32 000 m , at a peak
rate of around 2000 m' /day. '

3%9. A major problem at Greenfold has been the steepness and geclogy of the
watercourse through the site of the dam, Rock exposures immediately
downstream of the dam had led to the expectation that a durable original
stream bed would be revealed by removal of the dam, but it turned out to
be boulder clay. Provision had been made for placing stones recovered
from the upstream face of the dam on the bed and banks of the watercourse,
but the gradient proved to be too great over part of its length, and the
stones were too small to withstand the resulting flow velocities. It is
now planned to monitor the rate of erosion and review the progress towards
a steady regime.
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Ilton reservoir

40. Ilton dam was built in about 1880 to augment the water supply to a
series of cornamental lakes in Swinton Park, near Ripon, North Yorkshire.
An inspection report in 1980 pointed to inadequate freeboard between the
overflow level and the dam crest, deficient hydraulic capacity of the
spillway channel and to unsatisfacteory arrangements for drawing water from
the reservoir. The improvements recommended were found to be too costly
in relation to the value of the supply, particularly at a time of
depressed demand. The decision to discontinue the reserveoir was made at
the beginning of 1987 after consultations with Swinton Estate regarding
their remaining interests in the reservoir.

41. The planning application was submitted at the end of April 1987 and
approved by the county planning committee within five weeks, subject to
conditions regarding a scheme of landscaping. The reservoir site is
surrounded by a voung conifer plantation and the county's proposal to
introduce some permanent deciduous woodland into the reservoir basin was
agreed to by the Water Authority and is to be implemented during 1988,

42. Because of the steep valley sides at the dam, the discontinuance
scheme for Ilton reservoir was based on the removal of the entire dam,
except for its toe wall, This involved about 10 000 m’ of excavation,
which was disposed of on one side of the valley within about 100m of the
dam, much of it forming an extension to a natural ridge. Some'felling of
the conifers was needed to provide a sufficient area for spoil dispesal.

43, The bulk of the discontinuance works were carried out between July and
September 1987, The excavation of the dam was carried out by an 18-tonne
backhoe with a bucket capacity of a little under a cubic metre, working
with a team of two 15-tonne capacity dump trucks, and a small bulldozer on
the speil disposal area, The maximum rate of excavation was about 1000
m /day and the dam was breached in four weeks.

44, A significant problem at Ilton reservoir arose after removal o¢f the
dam. At the instigation of the YWA, an attempt was made to limit the
amount of sediment carried downstream by installing revetment boarding to
protect the unstable banks where the stream passed through the deposited
silt in the reservoir basin, Unfortunately a particularly severe
rainstorm occurred soon afterwards and the streamflow washed out large
quantities of bank material from behind the bhoards. As a result of this
experience, no further attempts are proposed at stabilising the deposits.
These are already supperting substantial natural growths of vegetation
which, if not further disturbed, should soon provide protection to the
sediments, '
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Table 1 Principal details of recent schemes

Horsforth Greenfold Ilton

Upper Middle Lower

Catchment area (ha) 26 79 87 250 540
Reservoir area (ha) 1.1 2.4 0.8 5.7 2.5
Reservoir capacity (M1) 39 127 36 292 30
Dam height (m) 11 15 12 20 13
Breach volume (m®) 4800 8400 9000 32 000 10 000
I Contract cost (£ x 1000) 3ls - 127 62

Apportionment of works costs (%)

Dam breach -and spoil disposal 31 - 72 50

Access improvements 3 6 4

Minor structures 8 3 8

Other works at dam site 7 : 195

Downstream watercourse improvements 37

Airfield lighting modifications 4

Treatment works demeclition 10

Sediment stabilisation . 38
Unit cost of dam breach and ) .
spoil disposal {(£/m*) ' 4.44 2.86 3.10
Tender date May June May

1986° 1986 1987
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DISCUSSION: TECHNICAL SESSION 1
ENFORCEMENT

Session Chairman: W J Carlyle
Partner, Binnie & Partners

Well, Gentlemen, Professor Montague and Mr Hawes. This is Session 1 on
Enforcement. We have four papers from very authoritative authors.
Unfortunately, Mr Maconochie is ill and I am grateful to Mr John Phillips
who is going to stand in for him. I believe Mr Wight of Gwynedd County
Council 1is unable to be here. I have a volunteer in Mr Arah who is
well-known in Gwynedd and knows Mr Wight very well. Mr Morris is to
present a paper on Enforcement in Lancashire and Mr Dunn and Mr Ackers on
the De-Commissioning of Reservoirs.

J PHILLIPS ({Department of Environment)
My introduction will. be pretty brief.

As you know, Bill Maconchie is not well and having prepared the paper
some little while ago, he fell ill between now and then and was not able
to attend.

Perhaps I could ‘just say briefly that, as you know, the Act was passed in
1975, but for variocus reasons it was not implemented until 1983 and then,
"because of the intricacies of the Act itself and another Act which was
passed at the same time, it wasn't fully implemented until 1987. At the
present moment, we have only had one report from the enforcement
autheorities which should give us a much clearer picture of how the Act is
working. So far, as far as we know, it is proceeding well; we have

heard of one or two proposed court cases to enforce the Act itself, but

none that we know has actually come to court as yet.

To put it is perspective, I could only find two enforcement cases in the
whole 45 years of the 1930 Act, although <there were other cases,
principally related to the ownership of a reserveoir which,. as you know,
is quite a contenticus issue in many places.

So, as 1 say, we look forward to the next series of reports. We don't
anticipate any major problems in that respect.

W J CARLYLE (Session Chairman}

Thank you Mr Phillips. It was unfortunate that Mr Maconachie wasn't able
to present his paper because there are significant differences in the
style of the enforcement authorities in Scotland and his experience there
Eould have been very valuable,
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R M ARAH {Binnie & Partners)

Gentlemen. This is an unexpected pleasure, but as I was involved with
the case of discontinuance in an emergency which is described in
Mr Wight's paper, and as I pressed Gwynedd to write a paper and make a
contribution to this conference, I feel I have no option but toc attempt
to field the questions and introduce the paper. I think I can say little
on the matters of registration and the procedural matters., We have with
us Mr Greatrex of Welsh Water Authority - he was the engineer from the
Welsh Water Authority who was called out in the emergency and had a very
exciting time in the darkness. I am sure that Mr Morris, who deals with
a similar topic in his paper, will also help to cope with those matters.

The details of the discontinuance of Cwm-y—-Foel make this a very helpful
paper. All panel engineers have a duty to try to explain to their
undertakers that these extraordinary emergencies, which never seem to
happen to them, do in fact happen sooner or later. I hope that this
paper will be followed by others in later BNCOLD conferences because I
feel that, for instance, the Lluest-Wen papers did a great deal to help
us to explain to undertakers that the time to plan for emergencies is
long before they happen, when you really have to sit and quietly imagine
what might happen.

When I last saw it some persons unknown had begun to close the Cum-y-Foel
notch which had been cut through the dam for discontinuance. It does
bring up the question of whether, once a dam has been discontinued, the
enforcement authority should go around looking to see that it. remains
discontinued. 1 suppose that there is a continuing duty on the
- enforcement authorities teo go around and see that there are no new dams
coming up, whether they are official or unofficial,

I think