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" ABSTRACT

The Transmission of Electricity in England and Wales;
" Land Use and Amenity Aspects: '

Transmission of electricity is performed at 132, 275 and 409
kilovolts and is the responsibility §f the Central Electricity Generating
Board, The distribution of electrjcity at lower voltages is the respon-
sibility of Area Boards. This thesis is solely ccncerned with the former,
The first part deals with the histofical development of the industry and
the linking of many séparate electricity undertakings, to provide

! i
oo . . ,
economies from the reduction of spare generating plant, and security of

j

suﬁply. The factots determining the locations of coal, oil and nuclear
power stations examined. The geographiéal pattern that results from the
location of generating plant and of demand for electricity, determines
the shape and size of the transmissicn network.

Transmission is effected by overhead lines and underground
cables, and the effects of both on the use of land and on amenity-are
examined.

Substations are required to switch electricity from one.circuit_
to another and to transforﬁ it between voltages. Because of their size
and the engineering considerations affecting their location they may also
have a major effect on the land use and amenity of their éurroundings.

An overhead line and a substation that were both the subject bf
public inquiries are treated as case studies, The design of towers and
insulators investigated to see whether engineering requirements are consid-
ered or modified to take account of aesthetics.

The screening of lines and substations by ground shaping and
tree planting is frequently required by local Planning Authorities. The
Board's attitude to this work, is evident from public inquiries and recent

example of executed landscaping work. The thesis is illustrated with

diagrams, maps and photographs,
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PRETACE

Man essentially lives in an environment- of his own creation,
exercising the power to enhance or destroy its aesthetic appeal, Many of
our creative acts ars necessary, and although they may show unattractive
results, they are accepted because of their value tc the commenity and the
lack of any practical alternative. Other creations, equally necessary to
sustain the development of a community, conflict more directly with aesthetic
values and become the subject of controversy., Of nothing is this more true
than the transmission of electricity,

I
/ . . . . . .
! | This conflict is recognised in the statute creating the Central

Eleétricity Generating Board, which is responsible for the generation and
transmission of electricity, by requiring the Board "to develop and main-
tain an efficient co-ordinated and economical system of supply of electricity
eesse” whilst at the same Lime "to take into acccunt any effect which their
proposals would have on the natural beauty of the countryside .....".

Despite this thesis's occasional reference to electrical matters,
no attempt is made to deal in detail with the technical aspects of the
generating or transmission of electricity. This thesis involves a review of
the development and organisation of the public service which is charged with
the execution o f these technical services, as nacessary background to the
.primary object, to examine critically the effects that the transmission of
electricity by overhead lines, underground cables and substations have on the
use of 1and3 and on amenity.

It only remains to add that this work has been.compiléd entirely
from publicly available sources, and that the views and opinions expressed

are entirely those of the author, and should not necessarily be taken as

reflecting the official views of the industry, nor of any one part of it.
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PART ONE THE DEVELOPMENT OF ELECTRICAL TRANSMISSION

. CHAPTER ' ONE

Historical Review of the Electricity Supply Industry

Introduction -

Early Days of the Industry

Impetus of the First World War

The Failure of Voiuntary Co-ordination
Beginnings of a National System
Nationalization

Present Structure of the Industry

- b oh ek b b o
.
~NounHS~ NN -

1.1 Introduction

i To understand fully the development of electrical transmission
in fhis countrf it is necessary to have a knowledge of its origin, and the
various stages of its subsequent growth. 1In tracing the development of an
industry one may consider how it first ;merged in the life of the coumunity,
and'what were the principal attitudes of contemporary thought and practice

which played a part in shaping it during the main formative periods. This

is the approach that has been adopted in the writing of this chapter.

1.2 Early Days of the Industgy

Faradsay's fundamental discovery of eleétro-magnetic induction was
made in 1831, but very little progress was made in methods of generating
eleqtricit& for nearly 40 years. Instances of electric lighting were still
largely of an experimentsl nature, and it was not until the development of
the vacuum carbon filament lamp between 1875 and 1880 that there was &ny
appreciable demand for an organised supply of electricity. Several private

°

companies had the agreement of various local authorities to install an
experimental lighting system, which helped to stimulate a general spread of
interest in this new form of illumination (1).

The further development of electric lighting by private companies
was to some extent frustrated by the limiting aspects of public
administration. Gas and wafer undertakings were already well established

with rights of public sufply protected by statute, and similar protection



15.

was sought by electricity undertakings. By 1878 thirty-four Private
Bills were introduced into Parliament with the object of seeking powers
to supply electricity in various towns, -and to Bfegk up streets to lay
the necessary mains. In order to suggest some principles againat whiph
the House of Commons could consider ail these Bills it app&inted a
Select Committee under the chairmanship of Sir Lyon Flayfair. (2) This
Committee reported in June 1879 and gave the opinion that legislation
at that time would serve only to restrict the rapid develoyment of the
industry which was then becoming apparent. It recommernded that local

' aﬁthorities' fower to break up streets shnould be extended to the laying
of electricity mains, but that the power should not be given to
companies without local authbrity con;ent.

The first public supply of electricity in Britain was.provided
in 1881 at Godalming, Surrey. (3) It was installed and operated by
Messrs. Siemens Bros. & Co., under a yearly contract with the Town
Council for the liéhting of the streets, and current was slso made
available for private consumers. Power was developed from a waterfall
on thg River Wey, and the cables were-lgid in the gutters along the
streets, which were 1it by both arc and incandescent lamps. The
undertaking was an uprofitable one for the Company, bzcause demand
vas insufficient and the supply was discontinued on lst Ha}, 1884,

During the time of this first unsuccessful attempt to provide
a.public supply of electricity, the recommendation of the Playfair
Committee had become the Electric Lighting Act of 1882. This Act hovever
subjected any private undertaking tc a seven year's licence ;nd also
the threat that a lécal authority may purchase the undertaking operating
in their area at the end of 21 years. These restrictions vwere sufficimt

to discourage the formatibn of electricity companies, and suggested that
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further amendments to the statute were necessary. These were
subsequently incorporated in the Electric Lighting Act of 1888, which
exte#ded the tenure of a private slectric undertaking from 21 to 42
'year%, but despite thig the Act gave little eneounagémeht to.tha
forgation of large companies. The uce cof electricity was confined
almost entirely to lighting, and its develorment or a commercial scale
was & speculative risk. For these and technical reasons, only small
ﬁistribution undertekings were set up, each with its inderendent power
station. The system continued to grow, by many small units in urban
areas, bu; there was no attempt to bring abouf a uniformity of supply
?onditions, and there were prohibitions against the association and
;ombination of statutery undertakings:

By the end of the century, advances in Fhe techniques of
generation and transmission, were changing the economic &area of supply
from under ten, to several hundreds of square miles. The development
of the electric motor was greatly extending tlie uses of power for
industriel and other purposes, and advanced the possibilities of large
scale production of electricity. The advantages ¢f co=cperation and
the formation. of larger underiakiugs by amglgawation of smwaller units
gradually becoming realised.

The rest of thischapter descfibes the slow progress of the
amalgamation of the original small undertakings into wider geographical

units, and the later interconnection of their electrical distribution

networks. The first conscious step in that direction was the appointment
of the Cross Committee in 1898 (4). The Committee initiated compulsory
powers of acquisition of sites for generating stations, and this was
embodied after a significant delay in the Electric Lighting (Amendment)

Act 1909.
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The delay of ten years between the publishing of the Report in 1898 and
.the passing of the 1909 Act indicates the difficulties involved in
itrying to resolve the éituation. It was reéognised that the issues
raised in the Power Company Bills esubsequent to the Croas Report were
such as to call for full and public Iegislation. The conflict between
private and municipal undertakings mentioned above was so acute as to
maks Bills for major re-orgsnisation very controversizl and the Act of

1909 was a compromise measure.

1.3 Impetus of the First World War

| / The outbreak of the VWar and the subsequent increased demand
i

fgr pover exposed the weaknesseé of the electriciﬁy supply industry.

1

t that the full

The increase in dewmand for electricity was so grea
electrical load could be met only by the continued use of equipment that
Was already due for replacement. These conditions were aggravsted by

the increasing demands fox coal, the supply of vhich was zlready
insufficient for war requirements. These fuctors emphasized t{the inad-
equacy of electricity supply in relation to a greatiy increased general
demand. The need for economy in the use of coal, together with the
security of supply to vitel war industries that depended cn a single
source of electricity supply, showed thst the intercommection of
generating stations would be well worth whils. At the instigetion of

the Board of Trade, (5) Linking up Committee, consisting of represent-
atives of the authorised undertakers concerned, were set up-in several
districts to investigate vhat could be done in this direction by voluntary

effort. There was some practical cresult, but it become evident that

something more was nrecessary.
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The clearest indication of the general possibilities was
brought out in a series of three Government sponsored Committee
Repo?ts which appeared at the end of the war.

| The first of these was the Haldane Repor: (6) followed

immediately by the Parsons Report (7) vhich issued & memorandum
setting out the position of the public supply of electricity:-
"Sufficient time has elapsed and sufficient experience

is availabie to show the defects of the original
.legislation. Experience has shown thet the comparatively
small areas of the companies and local authorities working
Iunder Provisional Orders are, in many cases, insufficient

' to enable advantage to be taken of mcdern 1mprovements in
plant". (8)

The most significant of these committees wvas appointed bty

the Roard of Trade under the chairmanship of Sir Archibald Williamson. (9
‘The Report of this Committee, whose recommendations mark the éanesis of
're-organisation of the industry on a national basis included the
statement,

"that the parochial system of generation and diztribution

should give place to more economical methods Znvoiving

wider areas of distribution".

The unanimous oonolusicn of its Wambers was that one centrsl
authority, to regulate the generation and distribution of electricity,
vas required, end it was suggested that a body, to be known &8 the
Electricity Commissioners, should be appointed for this purpose. The
country was also to be divided into districts, in each of which a Board
was to be established. This Board was to acquire s8ll the generating
stations in that district and also to be responsible for their operation.

This was the first beginning of the system as we know it today and the

inter-war period showed only a hesitant adoption of these principles.

)
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Soon after the war ended the recommendations of the
. Williamson Committee were embodied in a Bill which was so aménded
in its passage through Parliement that the subsequent Electricity
Gupply) Act 1919 did not fully reflect the Committees' proposals.

At about the same time another committee was appoinfed
wder the chairmanship of Sir Henry Birchenough. (10) The Committee
agreed in the main with the Williamson Report, but the basic
conclusion of the majority of the Committee was very far sighted, and

iif:acted upon then, would have anticipated_the Electricity Act of
f 1447 by fwenty—eight-yeara. This broad ccnclusion ig anoctaed frem their
réport: (11) | .

"Electrical power should be generated and transmitied

throughout the United Kingdom upon a single unified

system, organised and conducted upon commercisl lines,

under State regulation end with such finanecial

co-operation ou the part of the State as umay be found

* necessary in order to secure the speedy dsvelopment

of an effective systenm of electric supply throughout

the Kingdom".

The pfoposals of the Birchenough Report were too ambitious
for general acceptence at that time and were ignored.

The 1910 Act followed the mein trené of freviaus legislation
in that it was en enabling Act, but without powers to enforce
reorganization on a national scale, relying on achisving in both
voluntarily and through the duties of the Electricity Commissioners,
These Commissioﬁers were appointed for the purpose of 'promoting,
regulating and supervising the supply of electricity' (12) In
carrying out their responsibilities for improving the organization
for the supply of electricity on a regional basis, the Commissioneré
delineated districts an& investigated a number of regional schemes for

centralising generation in & relatively small number of large generating

stations to be owned by Joint Electricity Authorities.
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Subsequently, five Joint Authorities were established, with powers to
prormote regional schemes,

There was no power to enforce local amalgamations, and the
proposed transfer of stations and transmission lines from individual
authorities to achieve economic schemes was in most instances frusitrated
by lack of agreement between undertakers. The Commissioners found
themselves beset on all sides with difficulties, as their early annual
reports record. (13) In their report for the year ending March 1924
the: Commissioners summed it up in these words:-

"It éannot be too strongly stated that united effort and

& willingness to pool resources for the common good are

essential to produce the larger results of cheapening

the supply throughout electricity districts and bringing

about & great extension of public supviies for all

purposes, The powers of control vested in the Commissioners

by the General Acts have enabled progress to be made in

securing co-ordinated development during the past four

years, but it has become apparent that & real organisation,

which will adequately serve the requirements of the country,

can only be achieved on the voluntery basis of the Acts of

1919 by a radical change in the attitude of authorised

undertakers in general, and that, feiling the earliy

disappearance of the obstacles which have hitherto retarded

progress, the whole position will ¢all for veview." {14)

The Government shared the belief in the necessity for ccapulsory
powers by introducing & Bill in 1920 to cover the controversial clauses,
but opposition by local authorities caused the Bill to be withdrawn. At
the same time, there was a growing &ppreciation of the need for
reorganisation of the industry on a bigger scale in the interests both of
the consumer and of the industry. Consequently, when it beceme clear that

there was no hope of widespread voluntary actioﬁ, the political pressures

for stronger measures of reform again began to be felt.
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1.4 The Failure of Voluntary Co-ordinstion

A national system of trunk mains had been under consideration at
the time of the Williamson Committee, .(‘15) and hed been officially supported
by theiBirchenough Committee's Report (16), but such a major developmant
hed béen considered too revolutionary at that stage. In the early 1920°‘s
the céncept of national control of generation and tramsmission was revived,
although it was recognised that technical variations in systems in different
parts of the country would meke it both difficult and costly to achieve.

In parallel with the consideration being given to the future of
electricity:the problems of unemployment, particularly in relation to the
cogl industry, were still at a critical stage. The 1921 stoprage in the
cogl nines, and the possibility of continued political coniroversy .
surrounding the question of nafionalization of the coel mines threatened
sérious consequences for the country as a whole. In an effort to resolwe
the difficulties arising from the interlinked gquesticns of c¢cal and
electricity an unofficial committee was formed under the chairmanship of
the Right Hon., David Lloyd George in March 1924, in an endeavour,

"to find out what was really wrong, and to formulate

proposals for reform which might be carried into effect

by general consent, and with the minimum of centroversy

and delay". _ -

The results of this inquiry weré made known in a repert on "Coal
and Power". (17) The propossls included compulsory powers: of scquisition,
co-ordination and regulation to enable the Eleétricity Comaissioners to
grant to approved bodies the right of supplying power within substantial
defined areas. Thg Lloyd George Committee's proposals formed thae basis
of the Government's policy, promising the introduction of a Bill to give

these additional powers to the Electricity Commissioners.



22.

To make any such acheme for an extensive geheration
construction and central transmission programme effective on the basis
of the recommendations of the Lloyd George Committee, some control of
construction was considered essential. This concept was further
advocated by G.V. Twiss (18) in two articles in "The Electricisn" which
1exercised a considerable influence on the development of this idea,

This seemed to suggest & reorganisation on & national scale, calling
for Staté sponsorship. The Conéervative Government of 1925 accordingly
appointed a committee (19) under the chairmanship of Lord Weir to:-

j peview the national problem of the supply of electrical
/ energy and to present a report on the broad lines of

;s policy which should be adopted to ensure its most

efficient and effective development”.

The Electricity Commission had been in existence for five years
when the Weir Committee was appcinted and the Committee confirmed the
views of the earlier Williamson Committee, (20) that to produce effective
results stronger powers weire needed. They reiterated'ths view that after
five years of voluntary co-ordination the indusiry was still not
generating, transmitting or distributing electricity es cheaply as it
might, nor was the country using electricity to anything like the same
extent as other comparable ccuntries. They drew attention to the lack
of organisation in tbe encouragenment of the use of electricity, and
conmpared the situation in this country very unfavoursbly with some other
countries. The Committee also recommended the establishment of & system
of main transmission lines, designated the "grid-iron", for the purpose
of interconnecting the principal generating stations throughout the
country in which the generation of all the supplies required by authorised
undertakers was_to be concentrated., It also recommended the setting up of

& Central Electricity Generating Board, which was to be responsible both

for the erection of the "grid" and for the operation of the stationms
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"selgcted“ to feed it. It also proposed that the frequency of electricity -
should be standardised throughout the country.

The Weir Committee Report was not published until 1926 at the
same time as a Bill hased on its recommendations was introduced by the
Government. There was a good deal of opposition to the Bill in its
vérious stages, particularly from those whc would be directly affected
by the compulsory measures proposed. Political presasure was also dirscted
to reducing the power of contirol proposed for tae Eleétricity
Commissioners. With some amendments to meet the more_sefere of these
'obsections the.Bill was passed in November of the same year to becoms
the Electricity (Supply) Act 1926. (21)

The Act's mest outstanding f;ature was the creation of the
Central Electricity Bcard, and in thus providing foi the central
co~ordination of generatién and main transmission of eleciricity it
gucceeded in neeting the technical demands of the industry as no previous
legislation had done.

1.5 Beginnings of a National Syster

The estatlishment of the Central Electricity Board as a public
corporation was &a fundamental step both in re-organisation of the supply
industry, and also in the combination of national plamnning with commercial
operation and sdministration. The appointments made by the.Board of
Trade showed that half of the members had electrical engineering
experience, which recognised ths need for specialist experience for
implementing the proposed scheme of grid transmission, that the Act now
made possible. The general funqtions of the Electricity Commissionefs
in relation to the Central Eleciricity Board was to submit to the Board
for their approval schemes for new gencrating stations and transmission

lines. (22)
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The Weir Committee proposals, and the 1926 Act were primarily
direcfed towards reducing the cost of electricity and ensuring that 1£
would be avallable over wide areas of the country. The Act alsc lncluded
same minor provisions towards easing the problems of the distribution under;
takings, but in avoiding mjor interference with their existing rights the
opportunity of siﬁplifying and co-ordinating the distribution systems was

mwissed. That the exlsting structure was in need of re-organisation was widely

" recognised, and various aspects which gave cause for concern had been subject

of comment by the Electricity Commissioners from time to time in thair

! armual reports. (23) As the grid system began to take shape and to show

/

; the anticipated savings in gensration and transmission costs, the need for

a:parallel re-organisation for electrical distribution became even more '

-apparent. (24) As part of the Government's efforts to stimulate economic

. development at a time of industrial depression a series of conferences. were

held with representatives of the Electricity Supply Assoclations and Under-
tﬁkings, (25) to encourage further the voluntary smalgamations of the smaller
undertakings; By 1935 the demand for action was widespread, but of many
divergent views. In response to this situation the Minister of Traﬁsporﬁ,
who had inherited powers previously exercised by the Board of Trade in respect
of the eiectricity industry appointed a Committee of three, under the
chairmanship of Sir Harry McGowan. (26) -

This Committee drew attentioﬁ to the large number of 635 local
electricity undertakings, the variation in their size, and the differences
in the type and pressure of current supplied. The Committee proposed the

establishment of tempcrary District Commissioners for the preparation of

" schemes of re-organisation, and suggested that the larger and more eff1éient

undertakings, whether municipal or company, should take other supply under-
takings in their area. One of the criticisms of the report was that it

over-émphasised the value of size in a distribution undertaking.
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There was no rcason to suppose that a small undertaking wes necessarily
less efficient than & large one.

In March 1937 the Government amnounced thet they bad decided to
adopt in principle, subject to modifications in detail, the recommendations
of the McGowan Report (27). This report was shorily followed by the
confidential issue of a White Paper (28) which conteined ientative proposals
for the amalgamation of all electricity supply wndertakings into seventy
8ix main grouprs. The implementation of the Government proposals was
?elgyed in the immediste pre-war period, and in November 1938 the Prime
&ipister announced that there was no prospect that 1egisiation to deal

wifh this matter would be proposed during the life of that Parliament.

’

1.6 Nationaiization
| During the early years of the war little public attention was

given 1o questions of reorgenisetion of the electricity supply industiry,
but in 1943 a number of suggestions (29) were put forward by individual
undertakings, trade associafions, and staff associaticuns, Some of these
vexre in response to & request by the Hinistry of Fuel and Power to the
industry to submit to him their proposals for post wer reorgenisation.

Early in the war a Joint Committee of Electricity Supply
Undertakings (30) was set up representing bhoth company and municipal
undertakihgs. The immediate object vwas to enable uniertakings to keep in
touch with one ancther in dealing with common problems resulting froam the
war. When the Minister of Fuel and Power asked for pians for the post war
reorganisation of the industry, the Joint Committee attempted to draw up a
scheme.

In November 1943, the Committee anncunced that irreconcilable

'views on ownership and control had made it impossible to reach agreement.
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Three months later a compromise was submitted which accepted the generel
principle that ownership and organisation of the existing undertakings

should not be subjected to drastic alteration unless it could be proved
that consumers would cbtain & substantial and permaneat benefit. There
was general egreement throughout the industry oﬁ the principal technical
objectives to be achieved, which were the grouping of areas ¢f supply

in order to ensure the maximum diversity of load and greater wniformity
of systems of supply, voltages and tariffs, On the other hand there was

,8trong disagreement amongst the Committee as to how these objectives

!
}
|8
|

shbuld be achieved.

i
!
i

During the remaining yeers of the war there were no further
legislative developments concerning the suprly industrj Lut the problem
of its orgzanisation continued te receive stiention in relation to the
economic and social planning which was being undertaksn by the Government.
After the General Election of 1945 there was a further examination of the
problem, which resulted in ﬁhe introduction of the Electricity Bill in
the House of Commons on the 20th December, 1946.

In June 1947 Mr. Shinwell the Miniater of Fuel snd Power in

anticipation of the passing of the Act appointed an ‘Urganising Committee?.{

—

The primary consideration cf this Committee was to se2t up a skeleton organ-
isation on which the new Authority could build, and t¢ prepare reports

on the problems of the transfer of wdertakings, for consideration by the
Authority and Area Boards as soon as they were cppointed. MNeanwhile the
Bill was proceeding through both Houses of Parliament &nd was the subject
of much disagreement and political controversy, &s had been the case with
earlier legislation., While all sections of the industry agreed on the

need for more flexibility to allow further electrical improvements, and on

the necessity for some form of grouping of undertakings, there were many
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different ideas as to how this should be undertaken. The Act which received
the Royal Assent on 1l%th August, 1947 was substantially the same-as the
Bill in all itsessential features, but it had undergone considerable |
radrafting in detail.

The Electricity Act 1947 established a Centrel Authority nesmed
the British Electricity Authority as the national organisation responaible
for the generation of eleciricity, while fourteen Area Boards {32) were
entrusted with the distribution of electricity in their respective regions (33)
The task of the Central Authority was "to develop and mainizin an. efficient,

]

éo-prdinated, and economical system of supply”. (34) For that purpose it

/
/

waé required to generate electricity and provide supplies in bulk to the
Area Boards for them to distribute, to éOnordinate digtribtution by the
Area Boards; and to exercise a general control over them in regsrd to
policy and finence. The Area Bosrds were required to purchase supplies

of electricity from the B.E.A., and to plan and carry out in an efficient
and econonical manner the distribution of those supplies to individual
consumers. The B.E.A. and the Area Boards were faced with the task of
making a wnified national electricity system out of 560 sepurate supply
undertakings. About a third of tne industry was previously ovned Ly
commercial companies and the remaining two thirds by municipal corporations.
The organisation set up in 1947 gradually achisved this amalgemation, and
also initiated a programmne of building new povwer stations and transmission
lines,

On the 1lst¢ Aprii, 1955, under the Electricity Re-organisation
(Scotland) Act 1954 the B.E.A.'s undertaking in Scotland were vested in a .
new public authority called the South of Scotland Electricity Board and the
name of the British Electricity Authority was changed to Central Electricity
Authority although its other functions remained unaffected. This new authority

the C.E.A. survived less than three years.
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1.7 Present Structure of ths Industgy

The legal authorify and division of responsibility between the
C.E.A. and the Areé Boards appeared to be reasonably well balancéd. However,
the Herbert Committee (35) which was appointed in 1954 to inquire into the
Qorking of the electricity supply industry, criticized the organisation
on two main grounds., Firstly, that it vas over-ceniralized, and secondly,
that if was a mistake to entrust the C.E.A. with both executive and
supervisory functions. They accepted the principle that generation should

be the duty of the C.E.A., and that distribution should be carried

|

'waé that the planning, preparation, and construction of a power station

cut by the Area Boards. One of the unsatisfactory featurss of the situation

{ook as long as eight years, so thai bj'the time it came into commissicn
it was already technically obsolete. This wes in part due to exceasive
supervision by Headquarters, and the need for Divisional Controllers to
obtain Headquarters approval at to§ many stages of each project (36).

The main recomuendation of the Herbsrt Report was thut a Central
Electridity Generating Board shouwldd bhe s2t up to take Gvér_executive
responsibility for the design, construction, and operation of power
stations, the grid, and the projected super-grid. It would plan ths
general development of electricity supply, and the mair traznsmission
system. It would also be responsible for the siting, design and possibly
the construction of nuclear power stations, as well as for research and
development; staff and finencial policy,and the control of electrical
transmission over the whole system. (37)

The recommendations of the Herbert Committee formed the basis of
e Government White Paper (38). The Government however did not accept the
Committee's view of {the function of the Central Electricity Authority, but
decided to establish in its place an Electricity Council. This was intended

to be a forum in which the generating and distributing sides of the industry
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could meet to discuss and settle their coammon problems under independent
guidance (39). These amended proposals subsequently became the Electricity
Act 1957 whiéh required the new authorities to assume thelr duties on the
1st Jaruary, 1958. This Act still remains the principal Act giving
statutory authority for the present three tier organisation of the Industry.
There is however a study group set up by the Minister of Power (40) to
examine whether any changes in the organisation snd structure of tﬁe
industry needs to be made. It is thought that the group will recommend
; that the division between generation by the C.E.G.B. and distribution of
5 eiectricity by the Area Eoard, should.be ended. It has been widely felt

j - .
fhat the existing structure gives a disproportionate influence to the
C.E.G.B. and that any changes are likély to strengthen the pesition of the
Electricity Council (#1) The report is expected to be made public in
about March, 1969. (42)-

This review éf the development of the publle use of electricity
over a period of 87 years} has of necessity been brief, but in essence it
is the story of the gradual change from local private undertakers tc a
- netional publicly owned indusiry. The next two chapters will consider vhy
the interconnection of power stations has bescome necessary, and the rate
at which this interconnection ﬁy the grid and supergrid was constructed,

with 1ts inevitable increasing effect on land use and smenity.:
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33.

CHAPTER TV

m T - Py ol [ - | D - . - fad
The Development of the Grid end Sunersrid Transmission Svs

Introduction

The Inception of a National Transmission System
The Development of the Grid

The Grid System Between 1939 to 1945

The Superimposition of the 275 kV Grid-

The 400 kV Network

Possible Future Transmission Developments
Conclusion

NN N D
CO—1 AW\ =\ O &=

2.1 Introduction .

?he previous chapter traced the course of the electricity supply
industry f%om its beginning to the present day, and formed a2 somewhat
egtended introduction to this and the next éhapter. This brief history
Qas principally concerned with the tecﬁnical and political pressures that
brought about organisational changes in the industry and this chapter will
follow a similar path in traclng the development of the transmission
system, It will deal with the specific reasons that brouzht about the
need for a transmission system, the factors that influenced it, and thne
rate of its construction.

2.2 The Inception of & Natlonal Transmissioun System

The history of the industiry up to the early.1920's has shown thst
in spite of the clear recommendations in the reports of various committees
set up to examine the industry, legislation in itself was not solely
responsible for the unsatisfactory position that had developed. Technical
advances in transmission had by then made it poussible to give an economic
supply over considerable distances. The 1919 Act, even though it was a
rushed and compromise measure, removed the final legislative barriers

against co-operative action.

A national system of itrurk mains had been under consideration in

1918 at.the time of the Williamson Comnmittee (1), and the following year



had been officially supported by the Birchenough Committee's Report (2),
but the industry at that time had considered such a major development
as beiﬁg {too revolutionary.

f In 1925 G.V, Twiss revised interest in this ideaz of a national
grid i; two articles he wrote which were published in 'The Electrician' (3).
He developed his iaea that on the grounds of economy an interconnected
national scheme of primary transﬁission lines =should be superimposed on
the existing wholesale distribution networks, reguiring the setting up of a new
organisatiop to provide and operate the system.

The ideas put forward by Twiss vere quickly and widely
]

|l
appreciated, and the immediate result of this renewed interest provided

the impetus'fo“ the appointment of the Weir Ceommititee (L) to review the
ﬂational-problem of the supply of electrical energy, and to report on

the policy that should be adopted to ensure ils most efficient and
effective development. The Committee advocated a policy of concentration,
and reczommended the establishment of a national grid system of main trans-
mission lines for the purpose of interconnecting the systems of all the
public supply authorities in the country, and enabling them to give supply
on a wholesale basis of electricity produced at the most efficient stations,
It also recommended that standardisation of frequency in a1l the alternating
current systems in the country should bs undertaken "as part of a compre~
hensive scheme for improving our existing electricity system". The
Committee further recommended the setting up of an executive body - the
Central Electricity Board - which would be responsible for the erection

and operation of the grid, and which should direct the operation of the

stations "selected" to feed it. The Committee's recommendations, with
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certain modifications, were given effect in the Electricity (Supply) Aect,
1926, -
j‘ ‘Under this Act it fell to the Electricity Commissioners, Who had
been ;et up under the Electricity (Supply) Act, 1919, to tske the initial
step En,inaugurating the grid scbeme. Accordingly, they brepared a series
of regional schemes, deterﬁining which of the existing statiocns should be
"selected" stations, and.also a layout of the grid lines and transforming
s%ations to interconnect them with one another and with the systems of cther
authorised’ undertakers.

{ The projected layout cf the Grid was given in Sir Archibald Page's
1527 Presidential Address to the Institution of Electrical Engineers (5}
and a general scheme for the main grid system.was prepared and published

in the first Annual Report of the Central Electricity Board (6). They

drew attention to the fundamental difference between the main transmission
systems constructed on the Continent and in the United States, as compared
with that being planned for Great Britain. They pointed out that abroad
the main problem lay in transmitting electricity in bulk frcu the
generating stations, established near the source of power, to the distri-
bution areas; the systems were, therefore mainly for long distance trans-
mission in one direction only. In this Country the need was for inter-
connection of stations and areas to secure the most efficient and most
economical use of production resources. The country was divided into ten
regional areas and the individual schemes, as they were developed, were
designed to interconnect to form the full national plan which was designed
to meet the estimated peak loads on any part of the system with the largest
gencrator and the largest tranéformer out of service, Whilst construction

could be undertaken only in stages on the basis of regional schemes, there
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was a general appreciation that the transmission system and consiruction
planning of the grid must be envisaged aé a whole.

The voltage chosen for the Grid system authorised by the 1926
Act was 132,000, as the most economical for the purpose of inter-connection.
The atmospheric pollution in many industrial areas in G:eat Britain meant
that the Board had to tske care in the design of insulators to avoid
flashing over caused by deposits from the air. The voltage of 132,CC0O
was, in 1926, also thought to be the highest practical figure from this
ﬁoipt of view. It is not intended to go into the technical problems
&nfglved in building this countryside system, but one of the biggest
prablems was to achieve a standardization of supply and voltage (7).

2.5 The Development of the Grid

The Central Electricity Board had prepared a transmission
programme for the construction of approximately 2,600 miles of 13%2 kV
overhead transmission lines, and 31 miles of 132 kV cables, which was to
be completed in ten years, This programme required the erection of over
28,000 steel lattice towers, and the installation of 27% *ransformers and
switching stations, at a total cost of £26,700,000.

Diagram 1 summarises the progress of Grid planning and construction

from the passing of the 1926 Act to full operation.
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during 1951 and 1932 approeximately 1,300 ﬂ;l,h of lines were hrought into
service. The Board completed the original programme 19%%, in about

the

the last touwer

(9).

half time allowed, of the initial

5th, By the end of 11

Q

on Septenmber

niles of line

were in operati

1935 to 1937 further ninor extensions were made, bub during 193
|
A , .
with prospect of war, the rate of construction once again

Map 0. 1 shows coloured in red the grid system
at a total cost of zpproximately £30,000,000 (12) znd ove

to

the {»
M AN R

id

ines, 3,039 miles of vhich operated at 122 kY and the
and lower veltagzes (14).
Durinz the war onl ¥ velatively zma2l]l extangionsg
=t = e b= m— Rl L I T Al et A LA P R LA

q

-

ants

c-

made for normzl purposas bu

specific war purwose
in wileage of 132 1

inclusive.

R
nearly

whick

gime helng erecied

areas were inhar-

1 the period
3135,000,000 (13)
120 1\/.),\/.,-\

ni L AT

at 66 MY
- 1 23

of the CGrid wereo

vere mnade

N ozhiows the

A py
. : Wi
ars 1040 -~ b4






39.

Time Grid
inforcements

1945 3 NIL HIL
joih 12 NI, . MIL

3
Q
&
f.-
—
N
NG
N
()
|
3
-

)
~
o
ot
o
.
-
.
|
o rs
I3
-
(0]
o
o)
s

Han MNo. 2 indicates in red where the 36% wiles of Grid rein.

Torcements for war purposes were builv. In this map and the succeeding

whichh mention individual substations, there are slight

in the names given to the substations in the original maps.

- <
The greatést significence of the second worid wer in the
development of the grid was thai the systom was originslly designed as
interconnecting and operating in large sslfi-coniazined areas, but from
the beginning of the war it was considerably reinforced as a transnitting
3 12 A lational Contrel organisation

was set up to provide the necessary co-ordination.

There was an initial dron in the demand for electricity 1

South Sast iIngland with iis larsze pre-war non industrial load, which

conﬁequcntly released more generating capacity to be made available in

other areas. The Grid was therefore extended to enable the transmission

of this reserve to other parts cf the Country. A study of the power flow
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diagrams for the wer years shows that z lot of this surplus power in the
South Bast was transmitted to the war factories in the Sputh “est area
and in South YWales.
i
} Experieuce during the war yoars 1939 to 1945, when the

electricity industry was nrimarily concerned with mzeting the demands of
industry and war nroduction, nproved the value of the integration of the
supply system through the national grid. The pricrity given to munitions
productioq during those years meant an almost complete standstill for

the construction of new geunerating stations. To meet the growing demand

for electricity the fullast use had to be made of existing plant, with

new constriuclion restricted to the minimum essential for war nceds,
i .
The existence of the grid enabled the electiricity supply industry to

achieve its maximum outnut. On the other hand a direct result of the

Thee.

grid meant tha® 2 szmaller margin of =zurplus generating plant was

U

available to meet the dermands, vhich soon exceeded the small incrca=ze in
generating capacity.

Similarly the construction of new transnission

restricted to that necezsary to enable areas in which a rapid

£ demand had occurred to obviain assistance from adjoining areas where
the woar had brouzh about a decline. However, the construction of

the grid, and the experisnceé gained in operating the system during the

ty of clectric power supulies was

war, showed that the local availability

no lonzer the rrimary censideration in the location of new industries.
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2.5 The Superimposition of the 275 KV Grid

-In the early post war period of generating plant shortage, arising
from war time and pest war building restrictions; the Grid was called on
to meet increasing transfers of power throughcut. the country so that load
shedding could be kept to a minimum., With a view to meeting these
additional requirements the Central Electricity Board in 1942 set up a
Committee to investigate the best method of extending the 132 kV grid
system. This seemed to be the most natural course to take as it would not

introduce an& major changes in overhead line or plant design. The Board

[
i ]

i .

.hqwever were obliged to look further ahead in its planning, because the
fgfecasts of the future demand for electficity guickly made it apparent that
the'strﬁeture of the existing 132 kV grid system would soon be inadeguate,
The multiplicity of lines that would be required to meet future require-
ments would present serious operating and maintenance problems. Probably
an equal reason for the decision to operate a higher voltage was the
inereasing difficulty of obtaining consents and wayleaves foirr cverhead
lines, and the considerable amenity impact such a network would have on
the country. Five lines of 132 kV towers would have been necessary to
carry the same power as one line operating at 275 kV and this aspect was
probably a major consideration in the.recommendation to adopt a higher
voltage.

The Committee concluded that in order effectively to meet the.
load to be expected by about 1960, and to retain the advantages of a
single national system of main transmission, it would be necessary for
technical reasons to divide the 132,000 volt system into about ten
sections and to interconnect them through a 264,000 volt system. Although
such a system was desirable to provide security, it was doubtful at that

time whether its cost could be Jjustified on econémic grounds,
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The Committee was reconstituted at the end of 1945 and continued
investigations in 1946 and 1947. In an interim report issued in November,
1946, they concluded that as-a result of recent developments in switchgear
ménufacture, which made available 132,000 volt switchgear of greatly
inereased''rupturing capacity! it would be possible to -meet interconnecticn
requirements up to 1960 by development at 152,000 volis. On the question
of long-distance. transmission, the Committee were unable to reach a '
decision because of unpertainty as to future policy on coal prices, the
dévelopment of coalfields, and rail transport costs.

| Invegtigations were continued after naticnalisation by an inter-
departmental Committee of the newly constituted British Electricity
'Authority. After studying the supply Qfoblem Tor the next twenty years
they recommended .that a substantial increase in the capacity of intef-
connecﬁibn between different parts of the country was necessary to
conserve capltal expenditure in generation and transmission, and the best
way to provide this capacity was by means of a higher-voltage svstem,
additional to the existing 132,000 volt system. They considered that such
a system, would be no more costly than development at 132,000 veclis to
meet the increasing interconnection requirements, and would have the
added advantage that it would make possible the long-distance transmission
of substantial blocks of power.

The voltage to be adopted for the higher voltage system presented
certaln problems in view of the effect of atmospheric pollution on the
insulators and conductors of transmission lines. An obvious cﬁoice might
have been a simple doubling from 132,000 volts to 264,00C volts, but in
the interests of international standardization the Authority decided to
choose the next nearest International Electro-Technical Commission voltage

level of 275 - 300 kV., To prove that this pressure could be successfully
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employed in Great Britain a length of overhead line operating at this
Qoltage was erected near the Authority's high voltage testing station
at Lq;therhead in Surrey.

j The Authority therefore decided:-

"1. that a 275,000 volt system, capable of meeting

probable requirements for at least the next
twenty years, should be planned forthwith, and

- that consideration should be given to designing
the towers for certain sections cof this system for
later operation at a still higher voltage;

! 2. that a detailed programme should be prepared for
the construction of those stages of the system

; necessary to meet requirements up to 1960;

1 and

3, that those immediate reinfercements of the
existing 132,000 volt system which would subse--
guently form part of the 275,000 velt system
should be designed and constructed for the
higher voltage." (17)

In 1950, shortly after this decision to proceed, the Authority
approved in outline the proposed development of the 275 kV system up to
1960. This is shown diagrammatically on Map No. 3. (18) They also
approved £7,750,000 for the first stage of construction (19) followed by
£12m the following year (20) and a further £14.5m in 1952 (21),

The new grid system to be superimposed on the 132 kV system,
required the construction of 1,150 route miles of overhéad iine operating
at 275 XV, with 22 switching and transforming points. All but a single
short section of the new Supergrid would comprise double circuit lines,
Joining the Midlands to London and South-West ¥ngland, and there was

also prorcsed to be a connection to the North-East Coast and onwards

to Scotlande.
The first section of the 275 kV supergrid was the 41 miles

between Staythorpe (Newark) and West Melton, Sheffield completed in 1951,
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Diagram Mo, 2 shows the rapid development of the system over the

-~y P P .
twelve years. from 1953 to 1905 reaching a maximum of over 2,000 route miles, wn

g

¢
{

thereafter showing a slight reduction in the total mileage as the circuits are

4]

uprated to 400 kV. Map No. 4 shows the 275 XV Supergrid as built in 1960
which is interesting to compare with Map No. 3 which indicates vhat the
Board in 1951 planned for 1960. The additional electrical connections are
marked in red, and it will be quickly appreciated that the Board's 10 year
construction programme was implemented substantially as 6riginally planned.

After 1965 the mileage of 275 XV line was reduced as the towers -
P -

jwe#e reinsulated and restrung for 4CO KV working, vwhen the original purpose
:ofithe 275 KV network was supefseded by the larger carrying capacity of the
400 KV Supergrid. However, 275 kV linés are still being built, as the

275 KV rings around the conurbations of London, Birmingham, Liverpool,-and
‘Manchester sre being completed. Map No. 6 indicates in red the 275 kV
circulits at tne time of writing, and by comparison with the 275 kV lines
operating in 1960, (Map No. 4) it will be seen that very little of the
original 275 kV Supergrid remains and its present operations arc restricted
exclusively to the function of a high voltage distribution system around
the major conurbations, |

2.6 _The 400 kV Network

The 275 kV Transmission System at the time of its inception-in
1950, was designed to form part of a national sqpply system with an anti-
cip;ted total demand of 30,000 iMi's by 1970. The rapid increase in
electrical demand led the Generating Board to consider whether the present
system should be further reinforced and extended or whether a higher
vollage should be introduced. In 1959 the Board decided that it was neces-
sary to move to a higher voltage, both to ensure the stability of the syétem

under increased demand, and to avoid the installation of many more 275 kv
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lines to the detriment of visual amenity. At this time several other
countries had developed transmission lines of a higher voltage. Russia
was using 500 kV lines, Canada and the United States were using 330 le
lines, and the adoption of either voltage would have given a sufficient
margin for future expansion.

The Board carried out a two year study of the alternatives, which
was completed in September 1960 (26). This was described in a paper read
to the Institute of Electrical Engineers by Booth, Clark, Egginton and
_Fméest(27). The use of 400 kV lines had been considered as far back as
1950, at the time the 275 kV Supergrid was proJjected but there was very
limited expgrience of transmission at that higher voltage and it was feared
that they might give trouble "in the salt laden and industrially polluted
atmospheres which are so general in this country". At that time experience
of transmission at that voltage was confined to Sweden where atmospheric
conditions are very different. The result of this 'act of caution', (28)
resulted ultimately in a greater expenditure on transmission reinforcement
by delaying the aﬁvantages to be gained by 400 kV transmission. _However;
most of the 275 kV lines were constructed so as to make the conversion to
this higher voltage possible (29), and at the Central Electricity Research
Laboratories at Leatherhead an experimental line at 380 kV to 440 kV had
been under test since 1953.

To provide interested statutory authorities with the Beard's
proposed 400 kV network a statement had been prepared which was presented
to representatives of County Planning Authorities at a meeting arranged in
conjunction with the County Councils 8ssociation, This statement included
a map in geographic outline (30) showing the layout of the transmission
lines and substations constituting the Supergrid which would be required to

meet the needs forecast by 1970.
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The lines and substations existing at that time, for which the
consent of the Minister of Power had been received, are shown coloured
green., The additional line routes and substation sites proposed by 1970
are shovn coloured red. 'Coloured blue are further lines that the Board
thought may be necessary if the load growth in the Southern part of the
ccuntry continued at the 1961 rate, or if more new generating
stations had to be built on the Thames estuary or on the Midlands or
Northern coalfields.

/ ' The Supergrid network as envisaged by 1970 would total 3,400

/

hiies with possible further extensions of 300 miles, and requiring 13735
substations. :

The greater part of the network shown on Map No. 5 was intended
to operate at 400 kV by 1970. This part, comprising some 70% of the
total route mileage of Supergrid line, is identified by the thick lines.
Those sections of the Supergrid network which were required to remain
operating at 275 kV in 1970 are identified on the diagram by the thin lines,
They are confined to areas that are main centres of population and industry,
where the electricity demand is substantial and concentrated. Here 275 kV
is used to provide high-power distributing facilities, and in many cases
would become a substitute for 132 kV. The Board claims that the economic
and technical advantages of retaining 275 kV in these areas of high load
density are that it provides the requisite large-capacity distribution
facilities in an economic manner and without significantly greater line
mileage than would be needed with 400 kV. The problems of undergrounding

in built-up areas were expected to be less acute, and the substations would

be smaller and pose fewer practical problems of siting and construction,
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Map No., 5 - 400/275 kV Supergrid, proposed in 1961 for development
by 1970.
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It will be apparent from Map No. 5 that a substantial part of
the total mileage of the new Supergrid line was required to extend the
area served by the existing 275 XV network. These extensions were neces-
sary to connect the new generation stations propdsed at Trawsfynydd and
Festinlog in North Wales, and Sizewell.in Suffolk and to distribute |
supplles from the concentrated power sources to demand centres widely
spread geographically, as along tﬁe soufﬁ coast. Two new trunk lines
ar% also shown between Yorkshire and Lancashire, These would carry bulk
,poWef from coalfield power stations in Yorkshire to the industrial areas
of Lancashire and Cheshire, and were required to help meet the rapidly
growing péwer deficits of those areasf' The lines would cross the industrial
West Riding and would also be used to carry'powér to that area.

The Generating Board took five years from the time they decided
to construct a 400 kv netwqu to the time that the first heavy duty line
was commissioned. This was in June.1965 when a 150 mile 400 kV line
between West Burton and Sundon subeations was energised (31). Since
then 1,146 route miles of line have been built and diagram No. 2 shows
the rate of construction that has been achieved by the Board during the
- past three years. It will be necessary for the Board to maintain the
present rate of construction if the 1970 programme of between 3,400 to
- 3,700 miles of Supergrid line is to be in service.

Map No. 6 shows the extent of the Supergrid up to the end of |
March 1968, and it will be seen by comparing Map Nos, 5 and 6 that the
main structure of the originally proposed 400 kV Supergrid has now been
largely completed. Several minor changes in detail from the original

proposals have been made as construction has proceeded., These have arisen
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principall of the constructicn of power stations whose location

were not known at the time and beczuse of the difficulty of finding; sites
and obtaining planning permission for substatiens, particulerly in urban
areas.

An attempt has been made to find out the cost of constructing
the 400 kV Superzrid and Appendix B tabulates the only reliable data one
has been able to find. It will be seen that the figures do not differcntiate
'between costs attributable to Grid or Supergrid construction, and the actual

/
construction costs were not rezularly published in the C.Z.G.B. Annual

/

'Reports. However, by relating the mileage constructed and the actual cost

»

stated in a particular year, to the tofel mileage of the 100 kV network, it
is estimated that the totzl cost would be in the order of £600m to £70Cm.

2.7 Possible future transmission developnients

of the Zlectricity Council and C,%.G.B. Annual Report
provides evidence that the Generating Board is carrying out a considerable

arount of transmission research particularly at the Board's laboratories

0]

at Leathoerheads The Board also sponsors resegarch at the Universities,

as well as by the menufacturers of high voltage equipment.

lost of tnis research seems to be d1r°Cth towards improving
the equipment and operation of the existing transmission system, (32)
which is unlikely to alter the main concept or physical appearance of
the networitze There are howcvzr, two transmission developrients that
could have a considerable effect on the supergrid if widely adopted; these
are high'voltage direct curreant transmission, and the adoption of

700kV for the supergrid network. These seem to be the two most promising

possibilities,
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High veltage direct current transmission,

The Board hasshown zn interest in d.c. traznsmission for over
ten vears since the cross-Thannel cable uchemu for direct current
transmission between Dungeness and Boulogne.was projected. (33) This

scheme has now been operating satisfactorily for several yaars, and on

the basis of the

o

xperience gained the Board have embarked on another
d.c. link to reinforce supnlied to the London area. It will carry nower
from Kingsnorth Power Station ﬁear Rochester to a receiving station at
Beddington near Croydon ,ﬂd'anotLer at Willesden, The scheme which will
: héve a 1éngth'of 51 miles will cost about £16 million and have a capacity
of 640 M.¥., It will be so arransad that either an isolated generator
or the LOOKV Superzrid or a combinat .55 of both can he used to feed the
d.c. link. At the two receiving ends power will be fed into the 132kV

It seems that electrical losses are reduced by d.c. transmisszicn,
but there is the cost of the equiprent required at each end of the link
to change a.c. to d.c. and back to a.c. This increased cost is only
justified when the d.c. link is not less than about 50 miles. The Board

has stated that thic installation although more expensive than a

comparable alternating current scheme, is in the nature of a research
project as it has been desicned to permit various modes of operation to

help determine the scope for d.c. trassmission in the future., (34)
The future grid will be required to transmit larse anounts of
electrical power over relatively long distances from the genernting

stations to the main urban centres, ﬂnd the indications are that d.c.

transziszion may vrovz to be more economical than a.c. for this purpose.



700V Transmission

As lonz 2go as 1961 Sir Christopher Hinton said in a paper at
the British Zlectrical Power Conference (35) that looking ahead to the

mid 1970's the Board in adopting the BOOKV supersrid was making the

assumption that 2 voltage of 700kV would be practicable by that date and

evidence before a Parliamentary Committee (36) he said that it may be
necessary to superimpose on extra high voltage large mesh network over
th% LOOkV systems The Board had in mind a voltage working at about
750kV and had already started =zome preliminary research work on this.

The interest zhowm in the »ossibility of transmission at such

and led to a parliamentory question in June

]

srrol speaiting on behalf of the lMinister of Power said

that the Board were studying the economics of overhead a.c.'transmissién
up to o00kV, and that reszearch . was being carried out on power losses,
radio interfereuce and the desién of insulators. A few months later (33)
the Chairman of the Board confirmed that such research was still in
progress, wnhich was furthsr ucknouledred by the Eleciricity Council in
their 1965 Annual Report (39)

Research studies of this kind to asszist the choice of a new
transmission voltage of 700 -~ 750kV, and to gain experisnce in the
operation of dirsct current links, arc seen to provide the background
infornation to the preparation of annual programmes of geperation and
transmission construction, which should be planned to take advantage of

the latest develcopments as they emerge.

v
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The orizinal function of the 132kV grid, which was interconnecticn

within uel.‘—=-"ficient areas, has evolved into interconnection on a national

sczle at 4OOkY, with, in addition, siznificant peak power flows fron
ccalfield power stations, the whole system being operated as an entity
under the direction of a Waticnal Control,

The supersrid has developed from forecasts of the geograrhical
pagterhs of electricity load growth, and the locationlof ney penerating
stations to supply that growth. It rests on the assumed conulnuqncc of

generation and transmission techniques that exist or can be forseen

today. It is however possibls that cdue to the accelerated change in the

H,

respective economic advantages of the various fuels for generation, and

(.']

changes in the overall rate of load srowth, the present supergrid
which should be sufficient until 1980 may require some major amendments,
The assumptions that are made in forecasting the future patterns

of electricity demand and generation azre sc general that great accuracy

is not claimed for the resultant estimates of lonz term fransmission

-4

increasing emphasis on
of power to widely dispersed points of supply from cencentrations of

and nuclear stations as well as thoae

l..l-
4]
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e
[
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genecration in peripher
sited on the central coalfields. It is thousnt that these renuirements
are likely to be met by a multi purpose MOOkY supergrid network with
main trunk lines transmitting at 700kV or by direct current with

completely automatic computorised naticnal control of the system.

m
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This chapber will cexamine what these coanditions are, the affect

ol

they will have on the 3itinz of nower stetions and the dirsction of rouzr

The paticrn of fuel supplies and the econanics of energy movenoxnt
have broucht about the post war expansion of coal-burning eleciricity
sereration near the central coxlfields, of oil-burning generatiocn near
major refineries or oil terminals, esnecizlly in the south of England, and
to the deveio;ment of nuclear wnower to meci the demands that are nost
difficult to supnly from the other two scurces. The practical problems of

di.ffersnt from thet of coczl preduction, and the effect of this on the

econonics of enersy movement, and the econonic juztification for the Grid

and Supersrid transmission network will be examined.

vwhiens
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4,2 The Pattern of Generation - Co2l, Gil and ﬂnrle‘* Pover Ztations
) There are thrze main »rimary fuels for the generation of
i
eleciricity, and emch fuel introduces varying influences in detaroining the
most economic siting for a power station. The giting cri each fors
i
of fuel will be examined
The 5itin. of Coal Burnines Pouer Stations
The siting requirements of coal-burning npower stations are
continually changing with advencing technolosy. The greatest chunges in
1 e, Ly N Lo v . A . -
the post-war period have bezen consequent uncon the increase in the size of
{
t
individual power stations. Coal-burning nower stations now being built

|

[N - .- .
are senerally of 2,000 #¥W capacity

ty, are of hisher

b N

thermal efficiency and

have greatsr requirements fer cocling wabter and coal supplies than stations
comiiszioned a few jears 2g0. They have individual generating units of un
to 550 MJ comoared with the usual &0 Ew-of thz immediate post-war nzriod.
West Burton on the Trent Valley of 2,000 i generatins capacity will burn
appro:imately 20,00C tons of ccal daily when on maximum load, and two cother
stations at Didcot, and Kingsnorth of this size are under construcilon.

The Trent Yalley below the town of Burton has been developzd with
by far the larsest single concentration of new weneratiﬁg capacity in Great

Britain. Thisz is a response to chsap low-srade small coal from the Derby,
Fottinghan and Leicester cozlfields, reascnable proximifiy to the expanding
industrial areas and, esn»ecially, the presénce in the River Trent of the
largest sunmly of cooling water in eastern Zngland. This siting in the Trant
Valley is thousht to rewrssent the present optimum in ecoromic coal-fired
power station location. The tcnage made available by the Nationzl Cozl
Board from the Fast Hidlands in the preceeding four years has been virtually
static at about 1%.25 million tons, 1968 - 69 the tonage supplied increased

to 19.6 million tons. The tonage supnlie

increased annually to a present level of

ad from the Yorkshire co=lfield has

005 nl‘ J.llon ‘tO"l..,-



The other main location pattern for coalfizid stations has been
on estuaries, close to markets, to wvhich <ozl c¢an be carried reasounsbly
cheﬂﬂl‘ by sea, for eramole along tiae lower Thamos.

' £

! station needs 30 million gallonz of cooling wabter an

hour, whzrs the water is only used once and returned direct to sea or river.

Les= is required in the closed circuit =ysten, used of necessity in most of

(Y
the riverside nover stations, but thisz is exvensive and less efficient,

! The possibilities of hydreulic and pneumatic methods of transrporting

-
i

nulverised,;coal throuzh ninelines is being studied by the Board (1).

circumstances where supplies of coal from varticular sroups of colleries to

individual »p stations can be expected to be stable for many years, th

'!E‘
nethod of energy mevement moy reéuce the cost penaliy of siting nower siations
1
al a distence from the ccalfields. In the meantime economics in coal handlinz

IR . ]

of vower stations are being made by the introduction of 'merry-so-round’' coal
trains with a lead of 1,000 tons which is discharged through bottom honpax

doonrs whici are automatically opensd and closed as the wagons pass over balou

track: conveyor belts. This method was first introduced at Ratcliffe-or-Zozr
power station in Hottinghamshire which was brought into service in 1968,

stations thsat inland water resources in centéal souther
inadequate for any substantial additional generztion even using coclingz towers.
A 120 11 dry-cooline tower has recently been brousht into service at Rugelew
Power Statior and this system, if successful, may enzble nower stzations in
future to be sited indenendently of large natural supplies of water. The
capacity of a cooling tower can be increase@ or the size for a given capacity

g assisted drauzht. The Board has switched the enmphesis

.n diameter a nd 575 ft. high to investigating a range of towers of different

heights, each ceapzble of cooling a 66 iM pererating set. The -tower heicht
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anproprizte fto a2 rarticular zite can then be chosen so thet the gain in

amenir"-c-n be balanced against the economic penaliy imnosed by assisted

dranghi.

-3

The Location of 011 Fired Stations

Tuel oil, despite a tox equivalent

hasic cost, is increasingly commetitive with nany

have mucii the same detailed giting recuirements as coal burning stations,

l'\

but are usually located on estuarine sites n”“ from the coalfields. The;
J

require deey water ancihorages for the oil tankers and there is an economic
ri

as 'rell as operating advantage to site them adjoining refinerie Three oil
i

fired stations are under construction at the moment, one at Fawley on

’

third is »lanned, and 2 000 i station at Kingsnorth on the Hedway Zstunry

aned to burn either coal or oil.

Fuclear enersy has enabled the siting of nuclear power staticons to

immosed by the evL:-alve fuel transport
fecilities recuirez for the runninz of a coalfield power station, but on tiae
other hand it reouires a greater cquaniity of cooling water than a conventional

T eguivalent oubtput., A muclear wower station of 500 U needs .
35,000,000 zallons of cold water wer hour, which is about tirice as much as an
equivalent ceool fired station, Ho river in England and Yales iz able to
supply such z volums of water throué:o tha year, and for this rcason all the
existing and proposed rnuclear stati:ns, with the one excoption, Trawsfynydd,

w -

are sited on the ccast or on larse tidal estuaries. (2).
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buildinzs is no preater than fer a conventional station, an area of about

100 acras is usually required. (3).

o~

's policy of

o+

The next nmost important factor was the Governmen
siting nuclear power stations away from built up

M2 nuclear reactors at present being designed for th

[

a1

-
l.J
=N

H

(0]

g

sulating characteristics, and there are many

ensure safe opesration and control. However, in the anpzarently very remote

eventuality of an escare of radioactivity, the monitoring, radiolegical

i . . . .
conitrol, and public safety, were best served in thinly vopulated areas. This
’.'
pclicy of siting nuclezar pover stltions avay from btuilt up areas was in con-

o]

fiict with the economic advantage of generating electricity close tc thz load

of nuclear station as adonted for Dungeness

norary cosl

*h

‘. more water than a cont=

1itel

his reason nuclear pover stations may no lonmer bhe

It iz essentizl in order to achieve the economic overation of

miclear stations with their hish capitsl cost that they shiculd be connected
to the national transmission gystem. Since the cost of a unit of olectiricity
yreduced by @ nuclear vower station is the samne wherever the stution may be,
they can nake their meost economicsl contribution to the nation's power

ronuirensnts if thoy are remote from the coalfizlds, and as close as no:sible
to the load centros whicl would otheruise depend on importing energy in the
form of either coal or =lsctricity vroduced further away. Tha south of

il

Bngland, which has nszlisible sunnlies of coal, and an elecirical denand

appronching half that of the whole ceountry has to import enzrpy. Similarly
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by siting nuclear

nuclaar nover beccres nrogressively cheozper compared with vpower from fossil
fuslz, theore vill be z tendancy to zite ruclear station: nearar to the source
ef domand in ordser to reduce the vtransuission connactions. For the past feu

o3
I H

LA, and the Inspectorate of

—

1ztallations have baen studying the possibility of changing the siting

eriteriz to tale eccount of the immroved safety charac

moy be sited much nearsr to built un sreas theon has so far beoen permitied

subject to individual consideratien of each proposed site, and that the

pronosad new stations at Seaton Carew, near Hartlepool and at Heysham were Lo
be conzidered in the light of these reconmendations(6}. e later, in renly

publishing a shert “hite Pever setting out ths considerations and princinles

reconmended by the Muclear Safety Advisory Committes (7)

At the time of writins the C.2.G.B., is investigating the possi-
bility of siting a nuclear power station adjoininz the River Tamor in Devon
within 10 miles of Plymouth, which would bz cleoser to o dense centre of

population than any existing nuclear power station (8). The result of this
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trend will be that the exizting pattern of miclear power station siting will

slowly change and il is gquite possible that within a decade nuclear stations

~

! . 3 0 . .
may be constructed in the built up srea of large towns,
: Reference has besn made to cozl, c¢il snd nuclear fuel; there iz at

the moment no other fuel likely to be available to the C.E.G.B. in any

.Ticant quantity to aifect the present position of nou -er station siting.

The Bozrd haz undertalken research studies into other forms of dirsct

generation of electricity which employ thermionic diodes, fuel cells and
ma gnctohydvouynwmlcs or plasma techninues. It is not thought that any of
theme methods has yet produced electricity commercially.

]

[

Natural gas from the Horth Sea is also currently under investigntion
by the Board. A pilot scheme for the conversion of a coal fired statien tc
natural gas was undertaken at Hams Hall nower station (9) and expericence is

its use. Tt is too soon to forecast w

|_r

ith any certainty the

-~
~'
[»]
w
-
hl
Q
JA¥]

H -
L]
D

oy
I_J
v

extent to which natural gzs will be used for this purpose in the future., The
tent of hydro-electric schanes and pumped storaze are unlikely to be
sulficiently significant to affect the maein geographical pattern of

=] &£

During the financial year 1968 - 69 the Board used some 6 million

tens more of cozl than would neve been justified if they had been peruitied

to oparate sclzly on the most economic fuel. The.Government fuel nolicy to

assist the copl mining industry being implemented under the Cosl Industry

sct 1967 enables the Board to be partially reimbursed for the financizl losz

it incurs. The Board has estimatad that by 1970 the total fuel used will he
1

about 100 million tons cozl equivalent per year; about three quarters will be

coal and the remainder divided between o1l and nuc r (10). .
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Pattern of Power Flow
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The shape of the transmission network is deterwminad by the
geosranhical pstterns of the consumers' demands for power, a2nd of tha

ocaticn of power stations. The siting of new generating nl

(

in the first instance on tachnical and economic suitability the main

features cof which have already boen discussed. In order thesrefors to
appraciate how a programme for transmission reinforcement is »rewared it is
ecessary to review how the future estimates of the demand for electricel

Y
n
" !
i

001 * is assecssed. In Horch of each year the Flectricity Council reviews
, .

o . .
the load forecasts five years ahead as a basis for the vrogramme of

censtruction of new nower stations and transmission lines., The maximum
.

demand on the system last year was for 35,810 7 (11), which was smaller than

anticipated. The Council's load forecast for the winter of 1972 - 73 was for

O

54,000 i (12) and this figure was readopted for 1973 - 74 (13). This slowver
rate of incre=mse in mazinum demand reflects the Council's assessment of the
effects of devzluation and the Government's economic measurez. The »resant
forecast renresents an average anmuual growth rate of 7.2 ner cent, which is
roughly equivalent to doubling over ten years.

of the expected demand of 70,000 i by 1971 which the suwergrid had besn

cenerating vlant capacity which because of stations already under construction

further until about 1975 unless the annual growth

e
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rate for electricity increases considerably in the meanbtime, At the »rasent
rat: of increase a maximum demand of 70,000 i should be reachad by 1980 and
at that time if the vattern of genecration envisaged today is followed, the
existing larze concertration of power stations on the Hottingham coalfieclds
will be excecded jointly by other concentrations in North Vales, the 3Bristel

Channel, the Central South Coast, the Thames Estuary and South Zast Kent and
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the Bast Anglian Coasts. aAbout two-thirdz of the peak demand to be sunpnlied

from the new powsr stationz will be used in Greater London, the Scuth
Yestern, Hidlands and the Forth iestsrn arsaz, The generel level of hullk
nower movement, shown diasramztically on lan Fo. & {14}, iz in the region of
L, 000 1 over distances of 50 to 1C0 miles, but transfers of blocks of opover

un to 8,000 i from the central coalficlds towards
conurbation, and 6,000 1 to the London area, & toial diztance of 1C0 to
140 miles, arc likely to be regquired.

b Taz policy of cencentrating as much coal fired generating plant a

megsible on the Midlands and Yorkshire coalfields as illustratsd on M

(18) whichk shows thot a lax
elecirically to thz 35

by transporting coal.

The gzogrephical patiern of the suparzrid as plaznned in 1980 to meoet

=y

O

a total demand of 70,000 iiJ is shown on ¥ap Mo, 12, and is the practical »csult
the anticipated electriczl vower flows shown on Map Ko. 1G {15).

Tha power flow shown represents just over half the total electricsl demand in

1080; the renainder will be providzd by generating nlant nszrer to tho load
centres and cerried by the icwer voltare networks. The majer powver sourcas
are illustrated by the les, the diameter of circle rooresenting to scale
the vower availsble for exvort after local neads have boen met., The

colourad strips indicate the route along which the nowar flows, the direction

being alvays ftovards the vee point. The width of the strin represents to

5C:

w

le the magnitude of the power flow., The map shows substantial power

@
l-( j

imports intc the Greater London area, t

stations on the Thames Bstuary and from others on the Zast Hidlonds cealfields,

but with some asaistance from stations on the Zevern estuary and on the scuth
J

coast, Appreciable power imports are also reguirad into the North “estern
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area, these being derived paritly from power stations on the Yorlkshire coal-
Along the south coast

some 500 miles from

abzorb practically the whole of the available power Trem
tha three major sources at Hinkley Point, 3ou

It will be ovserved that certain channels ann
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tively little =nowar, but the wvower flows illustrated are those which are
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accordance with sverage sxpectation.” Zven in i

":S'

hecause eleciricity demand varies greatly from hour to hour, day-to dzy,

gection or arca, This disposition of supnly and demand of

systen wilh countiy;-

- - 131 2 [ Y
Lron: reculres murely
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from rast esxperieonce ut 3,000 i, Horsover,

that we may see =2 zsrudual in ths function of the transmiszion
over the neoxt 15 yearz, Bulll nower transfers from practicable generating
3

naction rojuircments to evert less influence on ths future netvor:
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3,0 ef the neniseion Systen
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in meeting the demands the Zoard arranses
for the mazimam amount T rlace at those mowe stoations
IoY @ RSIAMMAN aiount oL paace at Tnose Hower 3ITaTiIons
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invariahly wodern stations erscted on or near the cecalfields in the Hidlands

The most expensive gene

H
vwhich are lea

st efficient and usually

heurs in
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gensrating set is cut of ssrvice its

and less efficient generating plant.

highl;

r

3 plant can

gnly eTficient
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sutting a 200 M generating
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the total costs of ¥y =one

generation b
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the maintenance of a large unit of

year is a stroag economic incen

have
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reriod can be reduced, and the Board
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One of the snecizl problems

that the maximum arating

I
during

months of December and Januzry

be done only by 11 ov

out completsly during the remaining t

incidence of breakdown is kent to am

unit in the tidlands out of

evperinantad with ‘crash overhauls' to ze2 how

erhauls of plant end

where the coal

vrice is high.

1

the morning and the afternoon during
e neak loads on the system,

A1l plent needs to he maintained and wherever a highly efficient

to bhe made so

outpul has 3
The additional cozt of not running

be very considerable, for examnle,

thing of the order

this type requires about 23 days in &
tive to reduce this periecd. The Board
far this maintenance

says that technigues

le roductions in the

in running the Grid

the period cf peak demand.

lines are carriad

s
en months of the year and that the

inisum,
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The outputs of the genera twvc stations in England and ‘ales are

=]

Control Centre in London, throucsh seven Rogional

co-ordinated by a

v, Sirminsherm, Sristol, Thames

pey
hT
@
1=

Control Tentres at ewcast eeds, |
Forth and Thames South. There is 2130 a ties-line to a Scotiish Control

Centre in Glasgow over which an inte archange of energy is arrangsd betwsen

Scotland and ¥ngland on a day-to-day basis.

stion for a Tra

[
(o]
A

5,5 The Zconomic Justi

The justificaticn for a transmission system, is that it is cheaner
to build one than not to, Jfor ths following three main reasons:-

] :

|

tions to a national grid there

('.
1‘1

1« By connecting 2ll power s
] is a capnital saving in the amount of standby plant that

required,

vy
|
@
=]
ct

2o It is more economic to run the more efficient gonerating
to meet varying denmands made on the systen.

3« It is more economic to transmit electricity than to carry
the esquivalent amount of coal.
It is proposed to examine each of these statements, and to see if

they can bc quantified.

1]

The first beneficial effect anticivated by the establishment of th

irid was a reduction in the amount of nlant reguired to m2et a given wnower

ol

dcmand, L generator held in reserve at one pover station could stand by for
other generators that might breakdcwn, or have to be taken out of coumission

=

for maintsnance. During the nre-Grid veriod the amount of spare »lant to

1.,

vrovide azainst vozsible breakdowns had been increasing steadily with the
rising size of generating units, and the trend is shown in Diagram 3. The
reversal of this trend is seen after 1933 when the effect of the Grid had

become apparent.
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ant Canacity (17)

s

Before the Grid came into existence the snare plant margin was of
the order of 40 peor cent; this has been gradually reduced to 25 per cent in

or cent in 1950, and by 1950 to 10 ner cent. Althouzh on occasicns

1935, 15 p

since 1960 the margin of spare plant has been less than 10 wer cent, ths Board

IS

has adopted this figure s a reasonsble minimum in ordsr not to p»ut

at risk by malidng it lower.

Avart from the saving in capital charges the Grid made ncssiovle the

Fal

allocstion of lozd in accordanca with cost efficiency enabling the most

efficient stations to be run for lonz veriods and the least efficient %o be

-~

relogated to peak lozd duty. By 1032 for instance only 30 of the 171

generating stations under the dirdetion of the Central Ilectricity Beard w:ire

nost econonical stations

[o 7
. )
@]
h
ctH
fon
@
=

kept running throughout the yegar an
supplied 50 of the total units genera

In 1950 it had oveen estimated that the fuel saving arising from

the interconnsction of powar station to enable the most economic operation was

Fal

in the order of £35 million a year, and that a further annual saving of £k t

[e]

£5 million is achieved by the transfer of large blocks of power between areas.
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It has bezen extimeted that the disconnection of 2 single major transnm

line could result in additional generation costs of as much as £10,00

It bhas already been mentioned that the rising coal requirems:

the pover stations can only be met economically at pressnt by toking

On th: other hand the most rapid growth in cons tlon of ezlectricity i

telding place in southern ;n;lund. Studies of comparitive cosis have
str ated that it would be cheaper to carry cut this energy movemant by

of electrical transmission rather than by moving the coal. & 275 kV

a tronsmitting capacity of about 1,000 ki woul

.-.4

2 hours carry thz eaquivalent of 20 train loads of coal which is about

daily consumntion of a modern power utat ion. Diagrom No. 4 shows the
comvined costs of transporiing éoal to & nower station of 1,350 i ou
capacity, and then transmitting its electrical cutput at 275 kV to tha
noint of deﬁand. The red lines give the combined costs for nower sta
situatgd gither at the load centre or at two state

from it, and at varying reil transmnort distance

~
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The British Eleciricity Luthority claimed that the Superg

save in the order of 33,700,000 por annun by 1960, when the rwnorlt'r
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new Supergrid lines would he in oneration, The fAuthority also claimed that

the sezvings by delaying the installation of generating plant to nrovide a

( )
! . g . o N - p
Tive per cont additionel total capscity would work out at £5.71 w. per anmu,

angd tie saving in coal itransiort, less cost of zlectrical transmission

|
vould b2 anoiher £7.2 m. melding a total of I6.3 .

T,

Theoy allowed £4.6 m,

for fixed annuel costs and fer the Bupergrid vihich produced a

fon
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o
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(I i)
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saving of 23.7 m. ner annum (21},

’ The total cozt of the 275 kV Supersrid vas

tiIJ

78 m. (22), but is
thoucht by ithe Board to be completely justified by the saving of the cost
of neow generating »lant that would otherwise have hecome nscessary. The

erating plani has been assessed by the SDoard at
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o
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5%50 M., nearly twice the cost of building the 275 KV Supergrid,

The cost ¢f a %00 kV lire is ebout twice that of a 275 kV line,
£54,000 a wile compared with £27,000 a wmile, and the cost of associated
equinment such as swiitchreor and transformers are also higher for tnn Loo wv

line. On the other hznd the carrying capacity cf the 500 kV line is about
thrze timez that of the 275 kV line, so that three times the power can be

The essential elezance of electrical transmission is its remark-
able rapidity and efficiency; 97.5 ner cent of all the electricity sent out

from senerating stations reaches the public, Taking into accocunt capital

charzes, maintenance, and oneration, the tctal operating costs of the main
transmiszion systes amounts to about 3 ner cont of the cost of electricity
to tiie conzumer.
3.4 Conclusion

There will be a trend tovards siting nower stationz boih nuclzar
and conventional co2l znd oil, nearer to load centres in order to limit the

extent and cost of transmicsiocn. Inland siting of nuclear pover stations,
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using cooling towersz, close to nozulation ceutres, are now coming to be
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it becomes necessary to construct scafiolding across the fulllwidth, and
it is therefore more economical if sﬁch a crossiﬁg can be made as near to
a right angle to the rcad as possible. A recent éxample-of this is

showg on.photograph 6 where a crossing the the M.4 was required. This
wou1$ seem to be an expensive as well as hazardous operation and one
_woulé have thought that closing the motorway for a brief period of say

20 minutes at a time when the motorway is carrying the minimum traffic
would have been a practicable as well as economic proposition. A similar
ﬁut less onerous problem arises with the crossing of railways, waterways,
and canals. The Board also tries to avoid crossing houses and gardens,
h?causc of the difficulties of scaffolding, and possibtility of damage to
ﬁ;ivate pfoperty; as well as the objection of the owners of the property
affected.

| The Wayleave Officer in making his preliminary reconnaissance
for a route will particularly note the location of airfields. The
Ministry of Defence safeguards the flight paths of Service Airfields_,

or thbse which may be required in an emergency; similaély civil airfields
are safeguarded by the Board of Trade by ensuring that no buildings or
structures exceed a prescribed height for given surrounding areas. With
considerable number of airfields in this country it is net surprising tihat
2lmost every major route has a diversion.tn avoid an airfield., In the case
of London Airport it became necessary to put underground a short section
of line vhere it crossed the flight path, and in at least three other
cases at Lydd, (3) and Filton and Biggin Hill Airfields the Board was ébliged
to design special low height towers in order to meet requirements which
would endanger aircraft.

Associated with airfields are many V.H.F. and homing beacons,

of whom the operation must not be jeopardised. The Ministry of Defence is









Please turn over for:-

Map 16.

Showing part of the Northfleet - Addington 275 kV line which

passes within half a mile of the northern end of Biggin Hill airfield

in Kent.
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calculated. It is at.this stage that consideration is first claimed to be
given to the wishes of the landowner. If the length of a section
apnrroximates to a multiple of the basic spah, then with use of tower
extensions, moverment of intermediate towers along the line is normally
possible. For example, assuming satisfactory ground contcurs and using

tower extensions, the sum of the adjacent spans can be increased to

2,640 ft. and an individual span increased to 1,800 ft. The Board's Engineer,
having learnt of any specific wayleave requirements, will try and fix the
towers in a section so that the most economical use of extensions is obtained,
keeping the spans in any section as even as possible, and avoiding using

very high extensions. TFlexibility of tower positions will usually be

possible by using extensions. The Board usually obtains an aerial survey

for long lines. The advantages are mainly speed, but the fact that

ground survey consent is rot reguired means that tower positions, or
alternative route vrofiles can be obtained without having to maxe repeated
ground surveys across agricultiural land.

Every time a vroposed recute is amended it will require ar
engineering assessment involving most of the factors that have so far neen
mentioned. The cost and trouble of such an assessment is no doubt a
material consideration why tie Board sometimes seems to show a reluctauice

to seriously consider alternative routes.

4,2 Amenity Aspects

Having considered the engineering factors involved in planning
the route for an overhead line, it now becomes necessary to examine now
the optinum engineering solution may hecome modified from the consideration
of visual amenity. This is the aspect of the job which causes the greatest
concern from the point of view of the public. The general question of

amenity and the Board's Policy will be discussed later but at this stage
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it is prOpésed to examine what the Board says and more importantly what it
- does concerning the amenity aspects of overhead lines.

From their experience the Board's Vayleave Officers, when
plotting a route willlknow vhat sections of the line will cause the greatest
amenity offence, and by anticipating it, it might be sugéested that they
will do their best to mitigate it efféct within théir own terms of reference.
The Wayleave Officer should have obtained information on any protected land
designated a Naticnal Park (5), Area of Outstanding Natural Beauty, Nature
9onservancy Area, National Trust Property, Green Belt,_as well as the
#ogétion of any Ancient Monumeants, and Histofic Buildings, and by being aware
'of{them would endeavour to avoid them.

In 1§59, the first of the 275kV supergrid lines were being built,
and it was this development which chiefly stimulated a public awareness of
the visual effects of these towers and lines on the countryside. This
awareness resulted in a hardening of the public and Local Autherities!
attitude to the idea of supergrid lines, which made the VWayleave Cfficers
encounter more opposition in théir regular work. The Board were concerned
that the difficulties might prejudice the construction of the supergrid,
and accordingly the amenity aspects of line routeing were frequently dis-
cussed at Board Members' meetings, when a policy decision was required on
specific problems.. AT the time of nationalization of the industry the
Minister of Power recognised that the Board in order to meet its statutory
obliéation to have due regard to amenity would require expert advice.

For this purpose Lord Holford was appointed a part-time member of the
Board. Both Sir Christopher Hinton, the Board Chairman, and Lord'Holford
spent much of their time considering this problem of overhead line routeing,
Sir Christopher Einton is reported as saying that he spent more time

thinking about amenity than any other single problem. The Board doubtless
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felt obliged to give some amenity advice to their Wayleave Officers for
guidance when considering a route for an overhead line. 1In November 1959
Lord Holford read a paper to the Royal Society of Arts (6) on the subject
of preserving amenities in.whiéh he put forward seven rules as a general
guidé to Wayleave Officers in selecting routes for overhead transmission
lines. The Board has said that nearly ten years' experieﬁce of the "Holford
Rule%“ has confirmed that they are still as valid today as when they

were first proposed. Because they are still said to be so important it

is worthwhile quoting them in full:-

The Holford Rules:

;! ",  Avoid aitogether, if possible, the major arecas

' of highest amenity value, by so planning the general route
of the line in the first place, even if the total mileage
is somewhat increased in consequencej

2. Avoid smaller areas of high amenity value, or scientific
interest, by deviation; vrovided that this can be done
without using too many angle towers, i.e. the more massive
structures which are used when lines change direction;

3. Other things, being equal, choose the most direct line,
with no sharp changes o0f direction and thus with fewsr
angle towers;

Lk, Choose tree and hill backgrounds in preference to sky
backgrounds wherever possible; and when the line has to

cross & ridge, secure this opaque background as long as
possible and cross obliguely when a dip in the ridge provides
an opportunity. Wwhere it does not cross directly, preferably
between belts of trees;

5e Prefer moderately open valleys with woods, where the
apparent height of towers will be redacea, and the views of
the line will be broken by trees;

6. In country which is flat and sparsely planted, keep the
high voltage lines as far as possible independent of smaller
lines converging rcutes, distribution poles, and other masts,
wires and cables, so as to avoid a concatenation or ''wirescape";

7. Approach urban areas through industrial zones, where they
exist; and when pleasant residential and recreational land
intervenes between the approach line and the substation, go
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carefully into the comparative costs of undergrounding, for
lines other than those of the highest voltage."

; lord Holford emphasised that these were only general principles,
and ;hat every situation should be judged on its merits, he went on to say:
; "the effect of rarity is nearly always to quicken the
' emotional content of any particular form of beauty and
erhance its value."

The Board says tﬁat their Wayleave Officers are trained to
keep a keen eye open for the "rarities''y whether they be unique views or
ﬁanoramas; areas of "transcendent' natural beauty, or "the only bit of
gréen'spaée for miles around". They are also expected to anticipate the
#?asonable requests of property owners, e.g. the line should not pass in
f;ont of houses if there is an equally acceptable route to the rear or
'ﬂblind" side of them., Similarly they should not route a line across first
class arable land, if a reasonable route was availatle across land of
lower quality. It is obvious that an overhead line cannot be routed until
the two points of termination have been settléd, but the selection of
substation sites is governed to some extent by the effect of the line
entries. It is usual therefore for the investigation of both to be carried
out concurrently, but this is a delicate central issue discussed more fully
in the case studies which follow.

On the basis of all this information and with an intimate
knowledge of the area through which the line is to be routed, the Wayleave
Officer would be expected to adjust tie straight line route to suit the
special features of the district through which it passes. A map at a
scale of 1" to 1 mile is often used for this preliminary plotting, Thg

Board then usually makes an inforﬁal approach to the Planning Aufhority,

and with all Local Authorities who will be affected. This can result in

Y
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.meetings with officials, sub-committees, committees, and possibly with the
Full Councils or in joint meetings with various neighbouring Councils.
Proposed amendments or objections are discussed and a solution, usually

a compromise, is sought. This aspect is elaborated in chapter seven of this

work, which deals with the negotiations for consent for a specific line.

4.4 A Mathematical Method of Line Routeing

The routeing of overhead lines would seem to be delermined by
th? varying importance attributed to these eﬁgineering and amenity factors
.and for the intuitive feeling and local knowledge of the Wayleave Officer.
One may ask whether the routeing of a line could not be dealt with as a
mathematical exercise, but frgquently such an approach is abandoned when
an attempt is made to quantify visual amenity and natural beauiy.

There was however one instance when a2 mathematical solution to a
routeing problem was proposed. This was advenced during the course of a
public inquiry at Lewes into the Iydd to Bolrey 4COKV Lime (7). This
method recognised that the main objection to any particular route was
likely to come from those people who wished to preserve the beauty of the
countryside., To discover the best amenity route they attempted to devise
a method of measurement of the overall obtrusiveness of a“line and to
develop a technigue for computing which route minimised the obtrusiveness.
A formula was devised which quantified nuisance, and extended it to enhance
a ségment of overhead 1ine; A graphical method was also propounded which
plotted heights above ordnance datum at a half inch grid on a 1" to 1 mile
map and a line sought which joined the lowest points.

Acting for objectors the firm (8) thet developed those mathemetical

techniques produced a tentative alternative route and wrote to Sir
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Christopher Hinton the Chairman of the C.E.G.B. suggesting that he might
sponsor a comprehensive study of the method they had evolved.

Sir Christovher rejected this suggestion on the grounds that
people woﬁld resent the use of computeré as.being a seemingly mechanical
solution to a human problem. He believed that in routeing lines detailed
consideration must be given to many factors which could only be: judged
by the human eye; studies of the sort suggested, but on a more elaborate
scale, might determine the merits of alternative line routes, but'the

iendqproduct would never be more than an elaborate way of stating what must

;a#;a&s remain a matter of individual judgement. Sir Christopher said that
tge studies would be very time-cbnsumipg, and he thought it unlikely that
they would be an unassailable answer to the Board's critics, or that they
would minimise delay and dispﬁte in.secaring approval for the Board's
-pléns. On the contrary, some critics would say trufhfully that they could
be no more accurate than the human judgements upon which they muét be based.
Sir Christopher thought that the techniques in current use were the best
available.

These comments by Sir Christopher made at a time when the Board
was being embarrassed by the number and duration of overhead line public
inquiries, particularly the one at which this suggestion was made which
went on for six weeks, now seem to have been influenced by polifical and
verhaps organisational factors rather than by a scientific and objective
assessment of the method.

Mr. R.E. Hammerton an objector at this inguiry commented that in
a case where at some stage an initial line has.to be evolved it could be

done much more efficiently by way of computation than by the well-memning
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but hit-and-miss methoa of one Qr other of the Board's officials tramping
across the countryside and using his own feelings and views as the basis of
a2 tentative line. It is to be héped that these wordé of Mr,., Hammerton

will be remembered by the Board, and that they will be prepared to undertake
such a mathematical study, varticularly now that improved techniques would
be possible because of the facility afforded by the more extensive use of

computors.

,5 Conclusion

- It yill be appreciated thal there is no quick and easy answer to
th; problem of routeing cverhead transmission lines, and it represents a
remarkable achievement of engineering and negdtiation to obtain the consent
for a line without an objection being pressed to a Public Inquiry. FEecause
of all these sometimes conflicting interests which cannot be fully reconciled
there ié an increasing tendency for every major line to be subjected to the
procedure of a Public Inquiry. In order to illustrate some of the various
Tactors involved and the influence they exert it is propose& to examine in
some detail in a later chapter, the routeing of approximately 35 miles of
LOCKV overhead line across the Pennines between Bradford in Yorkshire to

Darwen in Llancashire.
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CHAFTER FOUR
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' CHAPTER FIVE

Transmission Lines. Their Effect on the Land

Introduction

Statutory Powers to Construct an Overhead Line
Compensation

Effect on Agriculture

Wayleaves through ‘loodlands

%lectrical Clearance to Trees

Depreciation in value of Property
Restrictions on idineral Workings

Conclusion
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5.1 Introduction

iThe Generating Board has nearly 9,000 miles of overhead line on

i .
about 51,000 steel lattice transmission towers (1) which occupy a total
q}ea of just under 400 acres, or to put it another way there is about one
tower for every 745 acres of Enpgland and Wales (2). At first it would
seem that the effect of overhead lines on land would be modest enough dut
on closer examination it will be seen that a line can have a considerable
effect over many aspects of land use.

The owner of land is owner not only of the surface of it, but
of the air and space above it, and of the minerals beneath it. (3) He can
deny and restrain any person who attempts to invade'his right or interest
in his land without lawful autbority. %This chapter examines briefly the
statutory powers the Board possesses to enable it £o crect overhead lines,

and the resultant effects a line may have when built over agricultural land,

woodlands and buildings.

5.2 Statutory Poviers to Construct an Overhead Line

When the Board wishes to erect a tower it requires an easenent
over the land. The legal definition of an easement is, '"a privilege
vithout a brofit”, it is a right attached to one particular ﬁiece of land
which allows the owner of that land either to use the land of ano£her

person in a particular manner, or to restrict its use by that other person
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to a particular extent. An easement confers updn its owner no proprietary
or nossessing right in the land affected. It merely imposes a definite
and limited restriction upon the pronietary rights of the owner of the
land.

Vhenever the Board pays a capital sum reyresenting depreciation
to a property due to a grid line they also require in return the grant of
& permanent easerient for the line., If the easemeng were not pernanent
other claims for depreciation could be made against the Board, and the sane
clainm for which they had already paid could be nmade by a new owner if the

prqberty changed hands.

.
/

Normally.the Board gets security to tenure for the line in
pefpetuity, but there have been very feir cases where the owners would grﬁnt
an easeuent for only a limited time such as 21 years.

The 3oard can construct lines above ground only with the exwvress
consent of the Hinister of Power, “When the Hinister has consented to the
Boara's prorosal to place an overhead line, the Board is still obliged to
obtain wayleave agreements with the owners of the land along the prowosed
route., There is nothing to prevent the Board irom negotiating wayleave

agreenments before the iinister's consent has heen given. The Board usually

~

endeavours to obtain as many wayleaves as possible before apnlying for
consent for the line, as the Minister's attitude towards the application at
this stage is largely determined by the degree of co-operation or otherwise,
shown by the landowners affected,

Under the earlier celectricity Acts the i{inister's consent to the
pronosed line had to be obtained first, and wayléave agreements negotiated
only after that consent had been obtained, but amendments made to the
Blectricity (Supply) Act, 1926 provide that both these steps may be made

concurrently. (4) (
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iMmen the Zoard has obtained the linister's consent to the
placing of an overhecad line over »rivately owned land, the Board wmust
tell uotH the owmer and occupnier of the land of its intention and give
them details of the towers and lines it wishes to erect. If an owner
or occupier is unwilling to enter veoluntary intp a warleave agreement
the Board has powers (5) to obtain a compulsory wayleave.

‘fhe possibility of a landowner's objection being nrejudiced
by the Hinister's consent to a line was recognised at the time the
?lectricity Act, 1957 was going through Parliament. It was due princivally
[ .
Fo Fhe representations of the Country-Landowners Association that the Act
N
'ma@e specific provision to ensure that objections to wayieaves were not
prejudiced. (6) When the Board makes application to the iHinister for the
placing of a line and it is stated that not all of the wayleaves have been
agreed, the !inister may nevertheless give his consent to the line, subject
to the condition that the actual work of erecting it.shall not proceea
Qithout his further permission. This onrovision atto1pt, to meat the
criticism that an owner or occupier of land who objects to granting a
wvayleave i1is prejudiced in pursuing his objections if towers have already
been erected on the land of a neighbour who has granted a wayleave
voluntarily.

Despite this statutory provision the landowner objecting to a
tower still often feels aggrieved, once the iinister has consented to a
line, even if it does have conditions attached that it may not be built
without further permission. It secems to an objector that the ilinister
has said that a line will follow a certain route, and is then asked to
arbitrate in the matter of a tower position forming part of the route he
has approved. It is hardly surprising that the objecting landowner is

unlikely to have confidence in the impartiality of the HMinister of Power.
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5.3 Compensation

dvery landowner having a tower on his land is entitled by
statute to comnensation:-

"The undertaliers shall cause as little.detriment and
inconvenience and do as little damage as may he, and shall
make full compensation to all bodies and persons interested
for all damage sustained by them by reason or in consequence
of the exercise of such powers, the amount and application
of such comyensation in case of difference to be determined
by arwnitration'',

The HMinister of Power is not concerned with the question of

compensation (8) thus an owner cannot sustain an objection to hinm, nor
I h ]

‘can the Minister impose a condition concerning the nayment of compensation

by the Board when he gives his consent, If the amount of compensation is
disputed it may bhe referred to the Lanés Tribunal. If the compensation
refers to damage, or loss of crops during the course of the construction
such claims may be referred to an arbitrator unless otherwise agreed
between the landowner and the Board,

The detriment of an overhegd line on different uses of land,
and the grounds for a claim for compensation will be considered under the

principal uses of land.

5.4 iffect on-igriculture’

Immediately following naticnalisation of the Industry
consideration was given to the standardisation of the terms and conditions
for VWayleaves in resvect of privately owned property, and of property
owmed by Government Departments and other nationised Industries,
Discussions were comaenced with the Country lLancowners Association and the
Mational farmers Union. In 1949 there were 50,000 separate Qayleaves
requiring 19,000 separate payments each year. (9)

In March 1965, (10) the C.E.G.B., the C.L.A. and the H.F.U.

agreed that they should jdintly investigate the working time lost and crop
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loss incurred under the mechanis2d condition of modern agriculture
because of the wresence of transmission towers, an< that the scale of
compensation payments should be adjusted aporepriately. The joint
investigation has been carried out, and the Board, the C.L.A. and the
N.J".U. have agreed on revised compensation payments for interference
with agricultural operations,

The basic scales of compensation are set out in full in

Appendix 'D', It will be seen that the compensation to the grantor of

| the wayleaves falls under two heads; firstly, an annual rental for each

{
I

tpwcr and secondly, compenszation for the interference with the husbandry
o% the land in which the poles or towers are 1qid, and this in turn devends
on whether the structures are erected on arable lund or pasture. Thase
payments are to cover the costs of keeping the site of the tower clean,

or of avoiding it in the course of cultivation, to compensate for loss of
profit in the area rendered unproductive, and for diminished yields on
land immediately adjoining that arca. The rates given are the revised
rates settled in 1965 which toolkk effcct on and after 3lst December, 1966,
and will ke in force for at least 3 years from that date.

The towers of the C.2.G.B.'s 400 kV lines have not been erected
lqng enough for their effect on asricultural operations to be nroperly
appraised, so it has heen agreed that payments for towers with base
dimensions of %0 ft. x 30 ft., and above, shall for the »resent remain
unaltered, but will be subject to review in the lipght of experience.

The Board seems to suggest that the larger towers would because
of the wider spacing of the legs, permit agricultural operations to
continue beneath the tower rather than sterilize the.whéle of the tower
base area, as is the case with smaller towers. Photogranh 11 published by

the Board (11) points to this argument, but it is thougnht unlikely that
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compensation on the understanding that the tenant will continue to receive
) annual payments to the end of his tenancy, but any new tenant will recsive
nothing from the Board. Such an arranpgement might be made where the
compensation peyable for the demage to the land hecause of the presence
of the towers and conductors can with reasonable certainty be determined
once and for all, for example, where a line crosses a rural land which had
no prospect of future development. In return for a capital payment ths
Board will require the grant of an easement in fee simple. Permanent
ieaséments are generally an advantage to the Generating Board as they mean
;seéurity for the retention of the line, and also avoid possible future
:ciéims.

Compensation is also payable %or any damage done to land during
the course of construction. It is inevitable that when a tower has to be
ereqted on agricultural land involving at least 60 trips of heavy loads,
sone damage will be caused and in some cases under adverse weather
conditions this damage can be very extensive. Ideally the contractor
prefers to work at consecutive tower positions, and it is appreciated
that the cost to the contractor of having to move to different tower
vositions back and fore along the line is probably greater than the cost

of compensation to the farmer., Various figures have been quoted for the

clear area required around tover positions, and the following may be

quoted as rough guide.

For the construction of tower foundations an area about 50 feet
outside the base of the tower is usual, and for the erection of the tower
the contractor seems to spread himself over a roughly circular area the
radius of which is equal to the height of the tower. Attempts are
sometimes made by the Board to contain a contractor within a smaller area,

but from observations of the author thié seems to- be rarely done. For
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conducter stringing, the area required varies depending on what particular

operation is to be carried out at the tower. Bearing in mind the fact that

)

the crossarm width is approximately 60 ft. the width of area required will
, |

be a#proximately 100 ft. Assuming a standard height tower and that
striﬁging vill be carried out in both directions from the one tower léngth
of area required in cach direction along the line will be aporoximately
300 ft. The area required per tover vnosition and likely to be damaged is
gpproximately 2 to 3 acres for straight line towers and 3 to 4 acres for
angle towers. 20 miles of line construction may therecfore result in land

I
damage of between 250 to 300 acres. There apnears, nowever, to be little

[ -
.y . . « . N o 1
incentive to reduce this land damage as it seems to be chcaper for the

. . _ - .
Board to pay compensation, rather than delay the construction and

comzissioning of the line.

. Aerial Spraving.of Crops

e existence of wires and towers across land also creates a
hazard to low flying aircraft, and thus prevents a farmer from obtaining
the fullest benefit from the increasing nractice of spraying his crops
from_the air. The Country Landowners Association and the Hational Farmers
Union consulted the Board on this problem, and they agreed that the
following clause should ve included in the apvropriate wayleave agrecment:-

"TIn the event of the grantor spraying any crons or mastures by
aircraft and an area being left uatreated owing to the
alircraft's inability to spray close to the verks, the grantor
shall take all reasonable stewvs, including where practicable
treating from the ground, to mitigate loss of crop on the area
s0 left untreated by aerial spraying and the Board will bear
the additional cost, if any, of such treating from the ground
or if such treating from the ground shall not be reasonably
practicable the Poard will wvay reasonable compensation for any
loss of cro» caused by irability to spray from the air close to
the works. Provided always the provisions of this clause are
conditional upon the grautor having given written notice to

the Board of his intention to srray from tlie air in the vicinity
of the works or if this shall not be practicable the earliest
.possible notice that such spraying has taken place.'



It follows from this that where lines and towers prevent the
aerial treatment of crops; then the fafmer is to try and treat them from
the ground, and claim from the Board any additional cost to him of giving
that pground treatment. Such a claim could arise on a farm where a
multiplicity of lines prevents the pilot from spraying all the crop iron
the air, but the terrain of the land enables the farmer to spray any part so
untreated by the ground method., ihere the presence of the wires and tovers
as well as the roughness of the ground, or condition of crows, prevent
botﬁ aerial and ground soraying the farmer can claim for loss of crobn.

It has been difficult to assess the number of successful clains

for commensation due to the limitation on aerial spraying, as agreed

clains are not published. Only those which are disputed and go to arbitration

are recorded, and only one case nhad been found during the past few years. (13

This case which was referred to the Lands Tribunal conceraed a
farm of 450 acres at Weston in Hertfordshire on which there were six
towers. The advocate for the claimant said that the farm rewresented a
carital outlay of ahout £120,000., The cxistence of the towers affected
the desirability of the land and in this case it could lead to the »rice
being reduced by £20,000, 7This stateument was not however supported by
his witness who said he valued the farm at 2117,000 without towers, but
&3%,000 less with towers.

The loss of value to the farm because of the limitation on
aerial spraying was made, but not varticularly stressed. lie agreed under
cross examination that aerial spraying had not been used on his client's
ferm, but cereals were being grown at the moment and this was a crop that
could benefit from aerial treatment.

The Board's surveyor said he assessed compensation at £i,400
calculated on the basis of the damage attributable to loss of land and

the difficulty of cultivation beneath the towers, the obstruction of
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aerial opcrations, and the loss of amenity value. It is not on record
whatl compensation he assessed under each of these heads.
The ‘fribunal in issuing its decision (14) included the
following statement macde by a tribunal member:-
YT aun satisfied that the use of aerial spraying is a practical
possibility and that such use would be hindered and mace more
expensive by the presence of the power lines. The interference
with the use of air cqguipiment would be a bargaining point in
this district, and I put the compenzation under this head at
£700", :
The compensation was in respect of five towers erected in a
/ .
142 acre field which had been formed by the amalzamation of seven fields,

so that modern techniques of cultivation could be used.

This decision leaves no doubt that the presence of towers and
wires over land can seriously affcct the aerial spraying of crops and is
a lepitimate claim for compensation in some cases.
Shooting

It is not often that a line affects the value of a shoot, but
circumstances may arise when the position of a tower or conductors may
impair the ratural line of flight of game. Secveral instances are on record
of a claim for compensation being made for this reason, but it has not been
possible to find a case when such a claim was su?cessful.

In oae unsuccessful case (15) the freeholder tcok the view that
the existence of the towers would reduce the annual value of the shoot
from £70 per annum to £60 per annum, an annual devreciation of £10 which
he capitalised at 25 yéars purchase to give a sum of £250. ‘The occupier,
who had shot over the land before and since the towers had been erected,
gave evidence that there had been no material difference in the bag since
the erection to tpﬁers and wires, He had.never seen virds fly into the
wirgs when shooting but had found dead birds under them. The Lands

Tribunal decision was that they were not satisfied by the cvidence that

any damage had been suffered by the shooting rights, and accordingly made
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no award for compensation under that head.

5.5 layleaves through ¥Woodlands

Blectricity lines passing through or over woodlands interfcfa
with the use of land for forestry throughout the whiole of their length.
ue to the need to maintain electrical clearance it is not nermitted to
grow trees to saleable timber size under lines, and to varying distances
on either side, depending u»non the voltage of the line. For example the

safety requirements for a 400 kV line with the conductors spanning 1,200

feet between the towers, and allowing for their lateral swing in high winds

"will restrict the growing of trees over a total width of 240 feet. Thus

for every G0 yards of 400 XV line one acre of woodland would be affected.

v

This does not necessarily mean that the whole of this arsza would require

to be clear felled although this is generally the case, but that trees

rmust not be permitted to grow within a épecified distance of the conductor.
The owner has therefore to ve compensated for his loss due to the
restrictions on growing trees under the line. There is not a standard
comnensation payment agreed for all the various cases of lines over
woodlands, since the damage sustained by each woodland owner will vary”
considerably according to circumstances and particularly on the quélity of
the land for tree growing. The main grounds for compensation cencern the
disposal of timber, clearance of the area and subsequent maintenance,
valuation of the timber felled, the sterilisation of the wocdland, and

the effect of wind damage to the exposed faces of the woodland. It is
proposed to examine each of these grounds for compensation in some detail

as they directly result in some restriction of land use.

Disnosal of trees

Where trees have to be felled the owner is free to dccide whether
to sell them to a timber merchant or to require the Board to fell and remove

:

them, and pay compensation for their value. The decision will depend on

such factors as the total volume of timber, mixture of species, and the
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extent and manner of access to the woodland.

Clearance of site anc waintenance,.

i if the owner prefers that the Board should rot carry out the
work of clearing the woodland and keewning the strip clear, the cost of
this wori would be an additional item for compensatiop. This will also
arise if increased costs are incurred for any additional work necessary
for the prevention of fire, the control of vermin, and the erection and
maintenance of any additional fences.

Valuation of timber.

Qhere trees are to be felled compensation is payable for their
I | -
v%lue in so far as this had not been or cannct be recovered by means of
‘a direct sale by the owner. This value is usually calculated by one of
the following methods according to circumstances:;
(a) If the trees are mature, or nearing maturity, their market value

as timber,

(b) If the trees are not mature but their value exceeds their
establishment cost they are valued on their "expectation value'.

This is their estimated value at maturity discounted a; an ap»royriats
rate per cent, accerding ﬁo species and site quality, back to the date cf
fellinge
(c) In the case of young plantations their establishmegt value. This

is the cost of establishing the trees and bringing them to their

present stage of development. This will be made up of planting and

other establishment costs nlus comvpound interest at a rate appropriate

to the species and site quality.

Sterilisation

If woodland crossed by a line cannot be used for forestry its
value may be reduced from anything between £50 an acre to a few shillings
an acre., The woodland owvner is entitled to compensation for this loss in

value and compensation usually takes the form of a sterilisatiocn rent, A
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claim based on loss of profits recognises thal a tree crop may earn

~AS

between 2% and 35 on the capital emvloyed, depending on land fertility,
situvation and the species of tree planted. FPower lines which cross a wood
near to its edge can sterilise not only the strip immediately below, bhut

also areas on the bhorder of the wood wiich may becoms uneconomic to plant.
Sterilisation rent is also nayable for such arcas and furtner claims for
vernin control, fencing, injurious af%ection to adjoining land by enroachnent
of scrub, nay be justified. The sterilisation rent of £1 per acre per

annum agreed betwcen the Board and the Forestry Commission sone years ago,
andiunderstood-to be under review, is not appropriate to every case. This
was arreed only betwesn the Board and the Forestry Comuwission and related to
‘the poorer quality land normally owged ;r occuplied bf the Commission.
Examples of conpensation rentals known to have been negotiated by Voodland

oumers vary hetween a figure of £1 and £5 18s. per acre.

Windblow and marginal damage

Vhere a swathe is cut through a wood to make way for an overhead
line, windblow damage may result. ‘Lhe cutting of a swathe will also result
in new margins to a plantation., Treeé on the margins do not grow as well
as trees in thec middle of the wood and suffer from exposuré. Compensaticn
can be claimed for such loss, and cases are known wiere a wasvage figure
of 10:¢ to a depth of quarter of a chain on both sides of the strip has

been accepted.

5.6 Hlectrical Clearance to irees

The Board is often criticised for its apparent lack cf care in
lopping and felling trees in order to string the overhcad line conductors.
(16) Any observant traveller will have seen instances of a swathe cut
through a woodland which exposes the heart of a wood and leaves towers
and- conductors very conspiéuous from a main highway. The mutilation of
the limbs §f a tree are frequently seen 1in the proximity of a line, and

one may wonder why this is done.
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Please turn over for:=-

Map 19 indiecating the location and extent of the alr photograph opposite
the map; showing the extent of tree felling through woodland required for
the electrical clearance of a 400 kV line, at The Rough Park, Amersham.
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3efore construction starts, the contractor avppointed by the
Board to build an overhead line is required to carry out a detailed land
survey and establish the accurate centre line of thé towers. It is also
the contractor's obligation to mark all trees to be cut, produce a schedule
locating all such trees and their approximate girth. !He will identify the
trees where ﬁossible, but this is not é condition of his contract with the
Board. It is understood that the Joard has also recently asreed with the
overpnead line contractors that where woods are concerned the contractor
shall mark the external line of trees to be cut.

Following this survey the surveyor will indicate the majority of

-trees that will have to be removed either for the footing of the towers or

I

stringing of the conductors. GSometimes certain trees are exclucded from
felling in Anticipation that the necessary electrical clearances can be
obtained wheﬁ the conductors are erccted, There are however far too many
qccasions when the contracter because of thoughtlessness or lack of proser
supervision has felled trees indiscriminately the full width of a swathe
along the whole route of the line. 1In order to ensure that this does not
hapven aﬁd that no unnecessary tree felling cccurs it is evident that the
Board should be requested by Planning Authorities and landouwners to insist
that these contract conditions are rigorously enforced on every occasion, and
sunervised by the Board.

For electrical reasons (17) it is necessary to ensure-that all
overhead lines maintain a certain specified distance (13) from the ground

trees and other objeccts. This is set out in Table 2.
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LINE VOLTAGE IN RILCYOLDS
0-33 33-66 | 66-110 1 110-165} 165

; (132) (275) | (4o0)
ijécts ki
Giround | 17 . | 20 21 22 23 25
Roads 20 20 21 22 23 25
irtifacis 12 12 12 12 15 13
Trees 12 | 12 12 12 15§ 15
?mncls(eis 20 20 20 20 25 25

1F]e 2. Zlectrical clearance required to 132, 275 and %00 kV lines.,

It will be seen that a 40O kV'overhead lins must be kent at least
15 feet away irom any tree or hedge growing under the line, and that a
minimun distance of 25 feet clearance is also required from the 5round.
These distances are slightly less for lower voltages.

The limits of the height to which trees and shrubs may be peruitted

Th

to remain or grow under high voltage lines are shown in diagram 5. This
diagram is based on standard height towers, level ground, with the

conductors at their maximum sag, which is in still air conditions at a
temperature of 122°F. The righthand side of the diagran shows the
theoretical limit of tree growth height to fulfill the specified conditions
at mid-snan, and the lefthand side of the diagram shows the clearance
required at the tower. Apparently a certain amount of discretion is possible
whern considering the felling or lopping of an individual tree. The 3oard
has said for example, that is might be possible to accept the risk of a
sound oak tree which could fall within the danpger limit, where it would not

be acceptable to save an elm tree which is more liable to fall in .a high

wind.
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metres feet
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2 %6 12 8 L Omemesk 8 12 16 20 % 28

Diagram 5. Tree clearance limits for 132, 275 and 400 kV lines. (19)

The general »ractice of the Zoard is to fell all trees within
a 70 feet strip alcng the route of the line, =o that the conductor may
be laid out along the ground and winched into position. After the line
has been erccted there is no reacon why trees and shrubs should not be
allowed to grow up to the clearance limit. Photographs 4 and 15 illus-

=3~
clie

trate two instances where mininum tree lopsing, been carried out at

insistence of the landowner, has resulted in badly nishaped trees. Ig

is usually vetter, if thke minimwn cutting has been done to obtain the

required electrical clearance, for further tree lepping to ve carried out

to restore the natural outline of the tree. If this is well done it is

not casy for the casual observer to notice that the tree has been reshaved.
Such tree surgery recquires more time and effort by the Loard,

an insistent landowner who knows that it can be done, and perhaoss most

important of all a woodman with the cye and sensitivity to carry out the
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work skilfullj. It is not eésy te find pood examples of tree re-shaping
but the bheech tree to the left of nhotograph 15 shows that it can he
achieved. There are far too many instances when the Beard has cut a
larger swathe than vas absolutely necessary, aﬁd has shown a lack of

Y n

regard for poucd woodmanship.
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exanples.

Tt is possible to reduce tree cutting by increasing the height of
the towers, but this is expensive, and may also be more visually cffensive
than the tree felling itself, by meking the towers more obtrusive, The
qurd has said howevgr,_that they are prevared to incur this additional

cost where they consider the circumstances are justified and where the

'
-’

higher towers are not objectionable, also if it is of genuine advantage.
It is possible by special and rore expensive stringing methods, to avoid
clear felling.

The few occasions when the Board takes special care are frequently
qulicised and Photograprh 22 shows the use of-a fire engine ladder to
avoid tree lopring, (20). Ancther instance which was widely publicised by

the Board concerned a 275 kV line from Wrexham to Rednal, which was routed

across a deep ravine at Bwlchgwyn. A rocket was used to carry a zilet

>

&

wire which was used to haul the conductors across the valley, and by this
means avoided tree felling. (21)

The Board occasionally uses helicopters to assist in the
stringing of conductors across aifficult terrain, and this technigue has
been used to avoid tree felling in a few exceptional cases. rhotograph 2k
(22) illustrates a typical case where the line erection presented a
difficult nroblem of stringing over a combination of trees, rock faces,
and steep slopes with a variation of height between 250 feet tc 900 feet

over a distance of three-quarters of a mile,
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In all these operations of timber felling, and tree lopping the
‘Board is under a statutory requirement to carry cut this work in a

Muoodnan-like manner'. (23)

5.7 Wevreciation in the Value of fronerty
’ The Board has said that there are over 10,000 gardens and houses
under their lines throughout the country, built by both private developers,

ard by local authorities bhoth before and after the line had been

4]

constructed. (2%) The RBoard was not aware of any hcuses under their lines

that remained unoccupied because of the presence of the high voltage
conductors. tHowever, this statement does not detract irom the fact that
i

such a line may diminish the value of a house where a line or lines cros

land close to a house, and the vresence of thew can be shown to have

depreciated the value of the house on the open market by their very vrcsence,

]

he assessnent of probable depreciaticn to houses is one of the wmos

difficult tasks a valuer has to undertalze. =Zach case is taken on its nierits

though all assessments must be logical, one taken with another., The
& ?

1y

depreciation depends on the estimated value of the housz and the effect o
the line on that pafticular house.

At a recent public inquiry (25) an estate agent in evidence said
that the erection of transmission fowers would have a marked effect on the
value of properties along the route. He gave an extrene example, a
house valued at £15,000 which because of the adverse amenity effect of the
line would only zell fcr half that price. The estate agent thought that a
fair average of the aphroximate drop in value of larger houses would be
£1,000, Admittedly a witness for the objectors at such an inquiry would
be prone to exaggerate to some degree, but the evidence of an estate agent
practising in the locality, with experience of other transmission-iines in.
the area. was not seriously challenged by the Board, and might be accented

as a fair statement of the facts.
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An interesting case of a claim for compensation for depreciation

in the value of property hecause of the proximity ¢f an overhead line

. L7 . . , e
arose in 1660, {(26) Central ©lectricity Generating Board in 1941 had

erected a 132 kV line from east to west across the estate of Cop Court

Manor in the village of Tetsworth near Oxford. is a wueen Anne

ilouse of considerable charm and one of the towers, eighty fest high was

sited directly benind the_Hanof and about two hundred and twelve feet

from it. DBetween the Hanor and the tower is a Moat, a pond with four elm

trges of considerable size growing around it, and close to the towzr a line

of popla s had becen planted as a screen since the erection of the tower,
210

but owing to their proximity to the line they have had to be pollarded to

-

a height of twenty feet from the ground in order to mainvain the safe
electrical clearance.
The value of the Hanor in 1957 if there were no towers, was

estimated by one witness for the claimant tc be £8,000 and another witness

&)

£7,500. The former estimated that the pylons reduced the value by £1,50
and the other by £2,000. The surveyor for the Board gave the valusz of the
property without towers at ££,000 and the depreciation in value due to

their existence at £3%50., The Tribunal in its report said:- (27)

WI have viewed the »roverty and in the light of what view I am
satisfied that the existence of the pylen and res does not

wi
materially detract from the enjoyment of the very attractive
property. At the same time I am satisfied oy the evidence
that it would prove a deterrent to some, and form a strong
bargaining point in the case of all prospective wburchasers.,

I have arrived at the conclusion that the sum whici: snould be
allowed is £750."

Only one other instance has been found during the past twelve

3

vears of a case that had been referred to the Lands Tribunal. (28)

(3.

The Board does not publish the figure of comvensation negotiated
for depreciation in the value of proverty affected by the construction of

the supergrid, and therefore one is not able to assess its total effect

in terms of the cost of amenity loss over the whole country.
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Where there is a prospect of future develonsient or increase in
the value of the land being affected by towers and overihead lines,

compensation is payable for this loss. This may arise because of a

restriction being imnosed on the size or shape of a building due to the
siting of towers, and the safety clearances required for the lines., A

loss nay also result because of similar restrictions in the layout of

building lanéd, for example in the case of a housing estate when a tower

]
cccupies the position originally designed for a dwelling. Compensation

also payable for any abortive expenditure incurred by the provision of

roads and services, because of any limitation in their us

™

f A clause in the standard wayleave apgreements entitles an ouwner

d

at any future time to claim compensation for any diminution of the valuec
of property for its development by reason of the existence of towers and
conductors across the land. The clause reads:-

"If at any time during the continuance in force of this
arrecrent the grantor considers that the value of his said
proverty has for the surnose of its development or user beer
diminished by reason of the existence of fhe works thereon and
gives notice te the Board, the Doard will y»ay to the granter as
compensaticn thereiors an amount equal to such diminution in
value such amount in default on agreement between the g
and the Board being determined upon the reference of el
party to the Lands Triounal under the Lands fribunal ict,
and the Land Compensation Act, 1951. Provided nevertheless
that the yayment of comwensation as foresaid is subject to tue
o

erantor executing in favouwr of the Board an =a t

._l‘—r\—f-!—j
—

-

o]

(2]

>

gement in fee
sininle free from encumbrances for the works across his said

proverty",

Mo compensation can be claimed by the owner or occuwvier of a

1

(0]

vroverty for the detriment to amenity caused by the view of a line unless

the line crosses, or there are towers on the land., There is no redress

for the effect of a tower situated on scmebody else's land.

5.8 Restrictions on MHineral “orkings

Surprising as it mey seem clause 13 of the form of wayleave

agrecment entitles the landowner to ignore the effect of a pylon and wire

on his land and grants him the right to withdraw vertical and lateral
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support to any works on the land. In practice he will not do so for the

v,

ignt be of an almost catastrophic nature.

} Board a statutory

At the same time the clause reserves t

o]
ot
e
o

rignt to apnly to the Ministry of Power to have such restrictions imposed

.

on mineral workings as are necessary tc give sufficient support to the

3

Board's woritzs. If the Board felt obliged to obtain such authority to
retain the pylons in their present nosition, then though the Hinistry's

decision may result in obliging the landocwner to give sufficient suprort

~ ey Ay

to. them, it would follow that he would be entitled to claim compensation

!
Lo

from the Board for the loss to him, or any mineral losses, incurrcd by

l.'
recason of the sterilization of the minerals which will have to be retained
to give that sunport. If a towsr stands on minerals which could wrofitably

be worked open cast, the 3oard would be required to pay for the volwie of

minerals which cannot be worked in order to support the tower. If the

b

maintenance of safe clearance to conductors would restrict the normal

19

methods of woriking, so that it coszsls more to work the mineral, the BDoaxrd
would be regiired to pay the extra costs incurred, In the cace cf

undeground workings it is the usual nractice of the Seard not to purchase
a pillar of supnort for a tower. It would seem that the reason for this

is that is is probably less expensive to rebuild a tower that has sulfered

from subsidence to the extent of beir

£
<

dangerous, than to purchase a
pillar of support for the many hundreds of towers that are sited over areas
of undergound workings. It is also in the national interest that

minerals should not be sterilised when they may be economically won, and

|

that mining overations should t be made more difficu by having
that £ OF tio hould not he made more difficult by having to

work around .pillars of supnort.

5.9 Conclusion

The general effect of a proposed transmission line is immediately

to reduce the value of nearly all properties on the land directly

concerned, as well as any dwellings from which the line may be seen
: i ren,
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The knowleagze of a provosed line within the locality of land or property

vy

or sale would undoubtedly make the transaction more protracted even
if the vendor succeads in obtaining the full current market nrice (29).
The statutory requirements for the distance between conductors
and objects, and the effect that this has on agriculture, trees, and
woodlands, would seem at the present time {o leave little scope for
radical revision. JSimilarly the existing adainistrative wachinery for
the finahcial arrangetents for wayleaves, compensation, and dewnreciation
%h!vglue of proverty, is able to ftake account of changes in agriculiural

"practice, and the value of money.

There is Iowever one particularly important matter concerning the

-

'0

actual Odll dirg of a line. There is no doubt that land over which

an coverhead transmission line is to be erected, will suffer conziderable
a Y rie Lo fe ng use If the work

disturbance and inconvenience to farming usc. b :

is done during the winter, and the commissioning programmes does not nermiy

0]

any suspension of operations, the resulting effect on the land can be
appalling. Heavy equipment and machinery.under wet conditions can quicitly
turn a farm road into a morass, and building a tower under these
conditions frequently creates a scene rewiniscent of a devastated

attle field. ﬁowever careful the subsequent reinstatement of the ground,
it may be nany years before it can be restored to its fornmer quality

Host Board officials avvear to bhe genuinely concerned that such

disturbances to the land is caused by its contractors, bhut it scems that
it is the economics of the situation rather than concern for the land
and landowner that is the determining factor. It is said that every cay
that a new overhead line ;s delayed,the Poard incurs increased costs in
the order of tens of thousands of nounds because of the need to run less
efiicient generating stations, and it is denied:the econounic advantapes

of operating the incomnlete part of the supergrid. Vhen extra costs of



142,

this order are involved the claims made for disturbance and reinstatenment
of rcads, hedges, and fields are insignificant. The Board tends to

excuse this apparent lack of care for the countryside partly on the
1
!

grounds that the whole scheme had been delayed for no fault of their

owli,, because of objections and the time spént‘in public inguiries and

by Ministers of Power in granting consent. The possibility of eleciricity
power ¢ cuts, because the connecticn has not been completed, and the
consequent oublic and parliamentary criticism of the failure of the

Board tc nmeet its statutory duty, has tended to make the Board's

¢ ?
construction engineers concentrate on getting the line commissicned,
.t

This has been done with a seemingly total disregard of it

effect on

O

the land, which is so often regarded as simply a nmatter

of coupnensation
and reinstatement that can be dealt with after they have left the scene.

There are indications that the Boards proposals for future
construction has been considerably recuced, and that this will provide
a greater period of time for the preliminary negotiation and subssquent
construction.

LY

This should enable the work of overhead line constructiorn to

(')

258

6]

be carried out with a greater regard for the rural scenec and cause le

damage to the land.
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CHAPTER FIVE

pe;nreﬁcLs

- 0 2 s e gy Bt

1.

C.Z.G.B. Statistical Yearbook 1968 table 16, p.2k, 51,088 towers.

actual total.

2,

Acreage of England and Wales 37,273,300 Ministry of Towa and

Country Planning, National Planning Series, 194k,

3
and coal.

3.

There are some few exce ptlorg to this; gecld and 511ver, petroleun

Electricity (Supply) Act 1926 Section 44(1) as amended.

Electricity (Susply) Act 1919 Section 22.

)

Electricity Act 1957, Section 32(3).
Electric Lighting Act 1882 Section 17.

West Midlands Joint Electricity Authority v. Pitt (193%2),

2. K.B., 1. C.A,

9-
31.%.49,

10,

First Report of the British Electricity Authority 13.5.47 to
Printed 16.12.49. page 41.

The ¥lectricity Council Annual Revoris 1964-G5 Page 43, 1945-6

Page 53, also Country Life 10.6.65 Page 145 €.

11,

12.

Power and the Countryside, published C.E.G.3. July 1966, Page 10,

=

It is understood that this is deducted by the Board when makirg

payment, but only for rentals above 50 shillings,

13.

Reported fairly fully in the Hitchin and Letchworth Fictorial

15th March, 19638.

14,

Reported in the Watfcrd EZvening XEcho 13.5.68 and referred to a .

450 acre farm at Weston, Herts. The total compensation awarded feor six towers
on the farm was 12,000,

15,
P, & C.X.

Lands Tribunal decision The Rudnor Trust v. The C.E.G.B. 12.
111. 17th October, 1960 also reported in The Estates Gazette Vol.

176 Page 1089.

16.

This criticism was also made in the iferthyr Report which was called

upon, '"to examine ... hedgerow timoer and to make recommendations as to the
best means of securing ... the tending of hedgerow timber'', H.[.5.0, 1955,

17.

The technical data is derived from the evidence given by

Mr. J. Prest a Senior Zlectrical Engineer of the C.z.G.B. at a Public Ingquiry
held at Chichester on 2nd April, 1963.
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18. These distances are laid down in the ¥lectricity Supply
Regulations leaflet EL.C.53 1947 revised.

19%. Diagram 5 has been compiled from three diagrams nrepared by the
Board being one for each voltage, which are freely made available to the
public at every overhead line public inquiry.

20. C.5.G.B. publication "Power and the Countryside’ published
July 1966, p.18.

21. C.ii.z,B. vublication "Pattern of Power'" nage 21 first published
July 1960, reprinted 1963 also appeared in the Yrexham Leader 12th Hovember,
1965 and again illustrated in C.Z.G.B. publication '"Power and the Countryside"
Op-cit. Heported in #¥lectrical Heview S.4.60 p.717 and 13.5.60 p.925.

22 Electrical Distribution Jan. 1968 p.229, the house magazzine of
A .. Cables.

23: Electricity (Supply) Act 1926 section 34 (4), A copy of this
section is included as Appendix E, :

24, Given in evidence by a Board aitness al Keighley in July 1%6% at
a public inquiry into the Bradford to Darwen 400 kV lirne. A more precise
figure of 10,397 was given by the Board's ‘ayleave Officer under cross
examination at the public inquiry held at Hewcastle upon Tyne on 12th-lhth
liovember 1968 into the Tynemouth to Gosporth 275/132 kV line.

25. This inquiry was held at Bexhill from 30.4.68 to 3.5.68 into a
proposed 132 kV line from Ninfield to Crowborough in Sussex, a distance of
20 miles. The estate agent was Mr. Francis R. Penticost and he was reported
widely in the local press, particularly the Kent and Sussex Courier 10.5.68
also Times 2.5.68.

26. The Radnor Trust v. The C.%.G.B. Op-Cit.
27, Lands Tribunal decision letter. Ref. 220/1959 p.k4.
28. Lands Tribunsal decision 12th Apsiril, 1957 in the case of

Wrigglesworth v The Central Electricity Authority. The reference concerned
the compensation payable for the right to cross a 3.5 acre plot with a 132 kV
overhead line. 'The electric line upon which the c¢laim was based was carried
on two steel towers one of which to the east was placed %90 feet from the
point at which the line crosses the boundary of the claimants land, and the
other 280 feet from the west bhoundary. The line was 56.5 feet at the lowest
point above the ground, and tihe distance the nearest conductor would ever-
come to the house would be 50 feet. The claim was for 22,347 which was the
amount the claimant considered the property would suifer in loss of value

in consequence of the line crossing the land. Tribunal decision that the
compensation to be paid shall be £125. FBstates Gazette Hay 1957 Vol. 169
page 573,
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29. An excentional case is known to the author when the vendor
of a detached property which was situated immedia telJ underneath a
supergrid line, clulme¢ that the presence of the line prevented him from
obtalning what he considered the full market »nrice i1f the line had not
existed. The Doard purchased the oronerty at the asiing price, and within
six months had sold it for a grasaier sum. It is not known whether it is
Board policy to purchase properties if a vendor experiences difficulty
because of the presence of a line, but it is thought unlikely

._.__ i
-
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CHAPTER SIX

Undergrounding of Transmission Lines

6.2

Introduction
Technical Descrintion of a Cable
Ccoling of Cables
Cable Costs )
Board Expenditure on High Voltage Cables
Cable Research
- The Yaddesdon Inquiry
LOO kV Cabling Schemes
Conclusion
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Introduction

i ‘At practically every publié inquiry. associated with the

~establishment of routes for overhead lines, the proposal is advanced by

one or other of the objectors that the lines shoﬁld he vlaced underground.
On the face of it, this appears reasorable. Most people have seen
distribution cables of quite large dimensions being laid under streets

or pavements, and it would seem logical that the same basic method should
be applicable to the overhead line system. But when it comes to the
extra-high voltage of the Supergrid, it will be shéwn that electrical

and mechanical problems arise which make the cost of underground cables
prohibitively high in comparison with that of overhead lines.

This investigation is into the effects on land use and amenity
of installing high voltage cables underground. These effects may be
better appreciated if a brief technical explanation is given of the main
differences between an overhead line, and an underground cable.

Technical Descrintion of a Cable

Air pfovides the insulation.between the overhead line
conductors, which are supported by glass or porcelain insulaters on
steel lattice towers. In underground cables the insulation must be
provided by numerous wrappings of high-grade paper tapes. To improve

the insulating properties of this paper, an oil or gas, which is usually
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nitrogen, is introduced to fill the voids in the wrappings. The

-insulation has then to be covered with a lead sheath to provide an

impermeable layer. Further, as the oil or gas pressure might cause
distortion of the lead sheath, bronze alloy tapes are applied tightly
round it.. These metal tapes must also be adequately proteéted against
damage during handling and against corrosion when the cable is laid in
the ground; and a érotective covering, consisting of layers of water-
procf cotton or hessian tapes overlaid with rubber or plastic material

is usually employed. TFinally a covering is provided of more waterproofed
cotton or hessian tapes.

Having ensured protection of the conductor itself it is
necessary to proﬁect the conplete cable against damage. The cables are
laid in trenches, at least 3 feet 6 inches deep and 2 feet 6 inches wide
and lined with timber at the sides to prevent the earth from falling in
during the laying operations. To ensure that the cables are nct damaged
by sharp points of stcones; flints, etc., they are laid on a bedding of
about 3 inches of sifted soil or sand and covered over the {top in a
similar. marner. As a precaution against mechanical camage, should
subsequent excavations be carried out along the cable route, reinforced
concrete slébs about 2 inches thick are laid over the length of the
cable before the trench is filled in. Finally, the disturbed surface
is restored.

An glectrical conductor offers some resistance to the flow of
current, and heat is generated as a result. The heat of an overhead
line conductor is carried away much more quickly by air, than by the’
insulation and soil which surrounds an underground cabié. The

conductor in an underground cable must therefore be made larger than that

in an overhead line, if it is to carry the same amount of power so as



Photograph 25. Construction of 400 kV cable.
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to afford less resistance to the flow of current and so oroduce less
heat. The difference'in size between a 400 kV overhead conductor and an
underground cable of the same capacity is shown in the accompanying
photograph. (1).

It is generaily thought that cables being underground are more
reliable than overhead lines,_but the Board has said that failures on
high voltage cabies occur about as frequently as for equal lengths of
overhead line. The time for the repair of a cable is, however,
cénsiderably longer and when this is taken into account the reliabiiity
of overheéd lines is said to be about 70 times greater. (2).

Cooling of Cables

I

The first major 132 kV cable installation in the United Kingdom
were the circuits between Deptford and Eltham. The route length was
6% miles and the cables were supplied and laid in 1970 by Pirelli-fGeneral
bable Works Ltd. By 1962 the C.E.G.B. were operating 402 circuit miles
of 132 kV cable, and 2 milesof 275 kV cable. (3). These cable circuits
had, from the early days of the Grid sysfem, been cperating on a cyclic
loading basis, that is, they had not generally been required to carry
their full rating during the summer, nor had they usually been fully
loaded day and night.

During the summer of 1962, however, there occurred a cable
fault that was to have far reaching consequences on the C.E.G.B.'s
designs for future cable installations. A 132 kV cable that had 5eeh
carrying its full load for a prolonged period, summer and winter, failed
due to cver-heating. The heat generated by the cable caused a drying
out of the surrounding soil which reduced the ability ;f the ground to
dissipate heat with a consequent further drying out of the soil; and so

this cycle of events continued until the cable became so hot that it






failed. It therefore became apparent that special measures would have
to be taken by the Genérating Board on future high voltage cable in-
'stallations where there was a likelihood of continuous operation at

1

frull rating.
| It seems that the Board to obtain the maximum operatiﬁg
efficiency decided that most of its future cable installation should
have some form of assisted cooling for these high voltage cables. The
Board has evolved three main cooling methods, winich may vary according
to circumstances.

Toﬁards the end of 1962 the Board were planning to lay about
65 miles of 275 kV cable in and around London, (4) and some special
provision had to be made to nrevent the drying cut of the ground.
One solution to the problem of moisture evaporation from the so0ii had
already been investigated in Canrada by the Ontario Hydro-ZElectric
Commission; this consisted of laying vipes alongside the cables and
circulating water through them, to remove the surplus heat.

Whilst this work on piped cooling systems was going on, the
Board was also investigating the possibility of laying high voltage
cables in canals. Ii so happenéd that suitable routes could be found
along the Regents Canal and the Grand Union Canal. Attention was first
given to the possibility of laying cables in the canal itself, but after
site trials it was established thét the required heat dissipation could
not be obtained by laying the cables in the water. It was found that
silt would build up around the cables, become baked by the heat and
would, in fact, constitute a remarkably good heat insulagt.

The Board then investigated the possibility of laying cables
in the towing path and a system using concrete troughs was developed. (5).

These troughs were let into the ground so that when the concrete covers
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vere fitted they would be flush with the surrounding-area; Cne cable was
laid in each trough which was filled with either a very weak mix concrete
or sand. Tests had shown that either of these backfillg readily conducted
heat, and as the trough'covefs are not buried this hegt was easily
dissipated. This method would only be zuitable in certain circumstaﬁces,
as it involves a continuoué line of concrete covers along the route.
Photograph 27 shows the visual effect of this in'the case of the 275 kV
cable route through Regents Park. It would seem that this trough method
of laying cables, would be possible alongside motorways or railways, or
across open g?ound vhere considerations of visual amenity are not of
majo; importance. .

This method avoided the need for water cooling of the cenductor
which would result in some saving in cost. I{ had been estimated that
this could result in sa&ings of up to £250,000 a mile as compared with
conventional underground lines. (6).

‘In the normal case the cables would be buried directly into the
ground and drawing 1 shows the cable trenches and overall widths required
to lay cables of the same carrying capacity as the overhead lines, and
drawing 2 shows in greater detail a cross section through two circuits
of a typical 400 kV cable route. (7). The cables are laid 6 ft, deep,
in two trenches 8 ft. 6 ins. wide with the water cooling pipes running
immediately alongside the cables, The smaller trenches either side of
the main 400 kV cables are low voltage lines for monitoring and control
of the cable route. The drawing also shows that room will be required
for oil tanks to act as a reserve, and to keep up the oil pressure in the
cables.

These dimensions vary considerably from those giveﬁ in

drawing 1 in respect of 40O kV cables which seems to indicate that the
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Board could only approximate as they have not yet installed cables of
the full capacity illustrated. The diagram is however useful in
presenting a general idea of the width of 1land involved for various
cable voltages. Phétograph 28 has been published by the Board to give
soﬁq impression of a LOO kV cable route after installation with provision
for a permanent 12 fi. wide access road, along the full length of the
cable. Approximately every .two miles a small building is required to
house the cooling equipment.and pumps for re-circulating the water.
The Board has recently published its proposals for the cable
cooling of a %.8 mile length of the Cowley - Bramley - Fleet 4CO kV
line which the Minister of Power decided should be placed underground
as a result of a public inquiry. In thié scheme the cable route is
accross open ground, and for two circuits; two trenches each kft. 6in.
vide, and 5ft. 8in. deep, at a spacing of 15ft. Oin. are required.
Each trench will house one trefoil group of cables, and will be bedded
in a backfill consisting of a mixtﬁre of a particular tyve of =and and
gravel which the Board has found ito have excellent heat dissipating
proverties. The top 2ft. 6in. of the trench would have a normal soil
backfill, which the Board says will allow the ground to be returred to

agricultural use, provided trees or hedges are not »lanted over the

actual line of the cables.

These then are the three methods adopted by the Board in
dissipating the heat from the cables, and all three methods are fre-

guently used depending upon the circumstances of local physical

]

conditions.

Cable Costs

The earliest official published figures for high voltage cable

costs appear in the C.5.G.B. Annual Report for 1662/63. Each year since
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i

then the Board has published revised cable costs to take account of

reductions due to more accurate estimating, and imwroved cable

Lo o . . . :
tecnnology; which is offset by a general rise in production costs and

‘the price of copper.

In 1953 (8) the approximate average cost per mile for two

circuits of 40O kV cable was £1,226,000, and was 2% iimes more expensive

than overhead.

In May, 1967 (9) the cable costs had decreased to

£1,0§Q,OOO, and the cost overhead had increased by £11,000 a mile, but

undergrounding was still 16 times more expensive. Over a period of

four years this shows a modest reduction in the cost of cabling, but

is not sufficient to affect the basic issue between these two methods of

transmitting high: voltage electricity.

The latest available cabling costs are as follows:= (10)

Approximate average cost per mile for two circuits
£000
Type 132KV 132kV 132kV 275xV 275V L4OOKV  4CCkV
120.175 1x0.4 2x0.175 2x0.175 2x0.4 2x0.4 Lx0.4
Double circuit
overhead- line 10.5 14 17 19 29 39 65
Cable installation
of equivalent
capacity Q0 130 155 240 315 465 915
Extra for termina-
tion costs at both '
ends 10 10 - 15 Lo Lo 65 120
Ratio Y/X 10 10 10 15 9 14 1€
Table 3 Compariscn of costs of overhead lines and underground cables.

A breakdown of the costs for the largest 400 kV cable was

published in December, 1565, (11) and a revision of these costs, so far

as one has been able to find out, has not yet been published; A review
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of these costs is very much overdue in order to make them accord with

the latest overall figure. However, the itemised costs are near enough

to indicate the general order of expenditure.

Per Mile- Per Mile
Cable £484 ,000
Cable Installation
Laying £33,000
Covers £6,000
Joints £136,000
0il control equipment, £16,000
. £196,000
Civil Engineering
Excavation and reinstatement £88,000
Other civil works . £100,000
£188,000
Vater cooling installation £116,000
£984,000
Sealing Ends £72,000
Total £1,056,000

Table 4 Itemised costs of 400 kV cable.

The cdst'of installing 400 XV cable is so large that it is
difficult to visualise it in any realistic manner. The Board has
attempted to do this by suggesting that the cost of a 400 kV cable is
approximately the same as required to .build a mile of motorway. (12).

The Board has estimated (13) that to place underground all future
transmission lines would, even if practicable, require additional capital
expenditure of between £100 million and £150 million a year, which is
equivalent to an extra 6d. on the standard rate of income tax or to a

20 per cent increase in the cost of electricity. There would moreover

need to be an immediate and large scale diversion of manpower and
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materials. On anoth;r and more recent occasion the Board said that if
100 miles of 400 kV line had to go underground it would mean diverting
from the national capital resources men and material equivalent in cost
to those peeded to build 60,000 new houses or 300 miles of Motorway.
Looked at from another angle, to put the grid system underground would
add 4s. in the £ to our electricity bills. (14).

The Board has shown itself anxious to explain to the public
the high cost of undergrounding 400 kV lines, and in Maey, 1965 published
a booklet, (15) in the form of an open letter by John Sykes, aﬂ
electrical engineer. Shortly afterwards an article (16) by the Right
Hon. William F. Deedes M.C., the Member of Parliament for Ashford, and
another article (17) by Edward Hyams, were reprinted; all these pub-
lications were in essence the plain man's guide to undergrounding and
the cost of cables. It is thought that thecse Board publications have
helped the public to obtain a bhetter understanding of the basic  issues
involved.

Board's Expenditure on High Voliarze Cables

The Board does not'publish the amount it spends each year on
high voltage cables, although it may be very approximately estimated by
a simple calculation of the published figures of cables laid, given in
Appendix C at the end of this volume, and the costs for each voltage
given in Table 3 above. In 1962/63 for instance, 165 miles of 275 kV
overhead line had been constructed at an estimated cost of £6,4%45,000
and 161 miles of 132 kV line for £2,254,000, for a total cost of
£8,699,000. During the same period 5.86 miles of 275 kV cable.would have
cost £1,890,000 and 56 miles of 132 kV cable £7,280,000 for a total

estimated expenditure of £9,170,000, The year 1962/63 was chosen for

this example because the estimated figures may be compared with the
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official figures given in a Parliamentary statement which are set out

in Table 5 below. (18).
e

. Overhead Lines Cables Proportion of total spent
’ = o on underground cable
1962/3 | 210,054,326 £9,093,683 47.5 per cent
1063/ | 215,508,920 § £11,492,184 42.6 per cent

Table; 5 Capital Expenditure on overhead lines and cables.

It will be noted that the estimated overhead line construction
is considerably less than the actual cost and the estimated cable costs
are slightly larger. The reason for these discrepancies is not known,
but may be partly due to the fact that a cable although carrying the
stated voltage, is not necessarily of the same current rating as the
equivalent overhead line. Although these figures relate to only two
years they show an average of some 45 per cent of the total capital
expenditure on transmission connections is spent on undergrounding.
During the past five years covering the perind 1964 to 1969 the Board
spent over £80 m. on cables. (19). It would be relevant to endeavour
t; find out from official and authorative sources the likely expenditure
to be incurred fér undergrounding during the next few years.

Aé recently as 1959 the Board had no experience of undergrounding
275 W cables. By March, 1965 (20) some 60 route miles of cable of this
voltage were in service or being laid and experiméntal lengths of cable
at 400 kV had been manufactured and tested. In the financial year
196L4-65 about one third of the Board's total expenditure of £106 million
on new overhead lines and urderground cables was for cables, by 1970 it

is expected that this proportion will increase to about two thirds of



the total expenditure.

In the three years commencing in 1968 the Board expect to
;spend £107 million on 500 route miles of cable. Of.the total sum to be
;spent on transmission reinforcement 22% would be on cables., In most
!cases the 400 kV cables will have only half the power carrying capacity
of the overhead lines to which they are connected.

" In May, 1965 (21) Mr. F. H. S. Brown, the Board's Chairman,
in opening an extension to the Pirelli General cable works at Eastleigh,-
is reported to have said that in three years the Board intended to
instéll 100 miles of 400 kV and 275 kV cable at a cost of about
£52 million. The cables would haye only half the carrying capacity of
overhead lines which means that under 10 per cent of the capacity miles
as cable would be responsible for 60 per cent of the total cost of the
transmission reinforcement at these voltages. At 132 kV, 440 route
miles 'of cable were planned for the same period at a cost o{ £55 million.
Then 36 per cent of the capacity miles as cable would be responsible
for 80 per cent of the cost. In October, 1965, the Board Puhlished (22)
the same statement, stating that this vroposed expenditure on cabtling
referred to the Boards programme for the three years 1969 to 1971.

During the year 1966-67 the.Board consfructed 624 route miles
of 40O kV overhead line, and reduced the total amount of 275 kV overhead
line by 31 route miles, and at 132 kV by 174 miles. 26 circuit miles
‘of 275 kV cable were laid and 173 circuit miles of 132 kV cable laid. (23).
The total cost of cabling during that year could be énything between
£2% and £326 million depending whether the lines were 1light or heavy duty.
During this period the Board has said.that it had willingly voted some
£6 million for under-grounding purely for amenity purposes. (24). Of all

undergrounding approximately &% was necessary for engineering reasons.
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The Board statements on its expenditure on cables is inciined
to iﬁpress by the large sums involved, similarly if the costs of trans-
formers or switchgear were quoted; but what is particularly relevant to
this investigation is the amount spent on amenity cabling} and these
figures do not seem to be available. It would help to form & cleérer
idea of the actual extent of émenity undergrounding if the Board pub-
lished the actual amount of money spent for this purpose, as distinct

from the total sum of cable expenditure.

-ICable'Research

Research on improved cables, and to reduce production costs

has been a continual process ever since the need to transmit electricity

became necessary. It has been difficult to assess how far the

"Generating Board has initiated such research, or the manufacturers, or

whether both have been prompted by insistent public pressure. B;th

the Board and the manufacturers have a strong incentive to recduce the
cost of high voltage cables; the Board because cheap cables would
provide almost the complete answer to the transmission amenity problen,
agd the manufacturers because it would present them with the opportunity
of becoming a world supplier of cables.

It has not been possible even after very considefable
investigation to.find out how much the Board and the manufacturers have
spent each year on cable research. In the year 1955 - 56 the Board
spent £16,000 on transmission research (25) and by 1959 - 60 this had
increased to £2.5m, (26) but in neither case was there any indicaéion
how much of this expenditure had been spent in trying to reduce thel

costs of cable manufacture,



163.

Stressing the need to evolve an underground cabie which
.could be laid at a cost which is tolerable Sir Christopher Hinton
the former Chairman of the Board said in June, 1961 (27) that the
Board hagd studied the possibility of underwater direct current
transmission_links round the coast., Two cases were considered, one
was in connection with the nuclear eites in Anglesey, which involved
an underwater iink to the Lancashire coast to avoid lines across
North Yales; and the other scught to avoid additioﬁal.lines through
Sussex by a coastal cable running westward from Dungeness. In bqth
cases the cost was prohibitive; at. respectively, seven and a half,
and fifteen times that of standard overhead transmission.

Early in 1963 the Board'said that determined efforts were
being made to reduce the cost of underground cables, (23) and at an
" exhibition (29) at the Royal Institute of British ArEFitects'3ponsored
by the Board, they reiterated that the Central Electricity Research
Laboratories of the Board were exploring new technigues to produce
conductors and insulating materials that would improve the current
carry;ng capacity of cables. The Board then said that recent progress
may make it possible to reduce the cost of undergrounding a 400 kV
line to Z750,000 a mile, but that there was little hope that
underground transmission would ever be econcmically comparable with
overhead.

In May of that year Sir Christopher Hinton in answer to
a question before a Select Committee of the House of Commons, (3C)
said that a great aeal of research on underground cables had, and was

being done by the Generating Board, the cable manufacturers and the
Electrical Development Association. It is not reported whether the

amount expended was stated. The Chairman went on to say that the

result of this research was that it was becoming cheaper to place
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lines underground. If the ratio of expense jn March, 1962, of
petween 7 and 18 for underground lines to 1 for overhead lines could
be reduced to 4 to 1, the Chairman of the Board said that he would
@dvocate "extensive undergrounding'’. But he held out little hope
‘for this redﬁction at high-voltages, even though at voltages below
132 kilovolts it might be achieved within fivé or six years. In
the event however the hopes of Sir Christopher Hinton were not
realised and the costs of cabling today are appreciably greater than
when he made these remarks,

In February, 1965 (31) a Parliamentary Secretary in answer
to a question in the House of Lords said that the total expenditure
on research and development was aéout £7 million, ;oughly £1 million
was spent on transmission and distribution, and of this between 10
and 20 per cent was spent on cable research. He added that much other
reseafch was being done by manufacturers and that the Generating Board
were placing contracts worth about £21 million for 275 kV and CO kV
cables 'of a pioneering type'. Later that year the BEoards annual
report (32) contained more impressive evidence than earlier reports of
the research into the problem of undergrounding high voltage lines.

. A new cable system was being studied, éonsisting of a conductor
supporfed by longitudinal spacers of solid insulating materdial, the
major dielectric being a pressurised mixture of sulphur hexafluoride
and nitrogen. The main problems were said to be in developing
suitable terminations and in manufacturing the required section of
solid dielectric in continuous leﬁgths.

Several research programmes have also been initiated by
- manufacturers and universities to develop electricity cables in which

the electrical losses would be much less than in existing materials,

when it became clear a few years ago, (33) that it had become
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practicable to refrigerate large installations to such low temperatures
that some metals would become super conﬁucting. (3%) In such a
condition a metal would offer literally no resistance to the passage
of an electric current. Drawing 3 is a preliminary design published
by the Board to indicate the broad lines of current research.(35)
It would seem however that neither of these techniques are likely to
result in a major breakthrough in cable technology in the forsecsable
future, as the qogts of such sophisticatedlinstallations would tend
to cancel out any benefits likely to be obtained.from tﬁe saving of
electricity. (36)

In a comprehensive debate on electricity problems in the
House of Commons in August 1965 (37) the Minister of Power said that
research into reducing the cost of undergrounding was receiving topn
priority but the?e were formidable difficulties, and the most he

could hope for was '"some reduction in the enorimous disparity" between

"the cost of undergrou overhead transmission., The Board on
th t of underground and h transnis The Board onl

last year (38) said that there was no immediatfé prospect either in

this country or the United States (39) that research would significantly

narrow the gap-between the costs of overhead and underground.transmission.
Quite frequently one comes across impressive figures of the

total expenditure on research concerned with the electricity supply

industry, but in every case no precise information is given of the

amount spent on-cable research. (40)

The Yaddesdon Inquiry

In November 1964 at a pﬁblic inquiry in the Village Hall at
Waddesdon (41), the Board explained in considerable detail some of the
visual and amenity problems that arise when undergrounding 400 kV,
Counsel representing the Board explained that the dominant féctor

involved in cabling was the problem of waste heat. He said that the
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heat produced from underground cables of the type required, was
equivalént to that from a oné kilowatt heater every two yards. Heavy
insulation was required witk underground cables as opposed to the free
air insulation of overhead lines, and the resuli was a cable weighing
8?? tons per mile. He then went on to give details of the consequences
of installing underground cable. There would be a 20~yard wide swathe
across the countryside with a joint bay measuriﬁg LD feet by 8 feet
6Iinchés every 240 yards length of cable. Stop joints for the oil
impregnated system would be needed every six lengths and would require
; 50 square yards of land. Every two miles there vould be a éooling_
station, 1,500 squarc feet in afea and ten feet high, containg pipes
and fans emitting a continuous hum; Photograph 28 iz a copy of cne
displayed at the inquiry and illustrates the possiblg shape and size
of a typical cooling station. A road tc carry loads of 24 tons for
laying the cables would also have to be built for access, for
maintenance, and for possible repair of the cables and it might be
necessary to have a permanent road 12 feect wide along the route.

The strip of country covered would have no trees, hedges,
streams or ditches. Land drains would have to be altered, and there
could be an increase in the soil temperature. There could be. no
building over this land. It would be a sterile strip preventing the
normal use of the land, resulting in the introduction of industrial
noise and life to the quiet countryside., It was suggested that the
strips of "desert and the installations might be more damaging to the
appearance of a landscaping than a chain of 180 ft. pyloms.

This ststement by Counsel backed up by the evidence of
Mr, E.P.C, YWatson, and Assistant Project Zngincer of the Board's
Transmission Project Group brought out aspects of undergrounding that

had not been fully appreciated before. The Board seemed anxious to
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.inform the public of these difficulties and issued a Press Statement

with this information which received wide national press coverage in
the technical press and local newspapers during the following months.
(42) The Board also published two news letters setting out the
problems of undergrounding in greater detail. (43)

The Board's opinion that the heat from 400 kV cables would

result in a sterile strip across country was challenged in debate in

“the House of Commons (44) and also by the Council for the Preservation

of Rurzal lngland. (45) Since then the Board has not repeated the

' Waddesdon evidence and one may assume that subsequent experience and

research may have enabled the Board to overcome these difficulties,
At a recent visit to the ‘Glaslyn Estuary which is the oniy

site where it is thought that any significant lengths of LOO kV cable

has actually been installed and operating, (46) none of the amenity

fears expressed at the Waddesdon inquiry are apparent,

L4LOO KV Cabling Schemes

| Much has been written and eaid of the one million pounds per
mile of 40O kV cable. At the time of writing only a tetal of a fifth of
a mile has been commissioned, which was 0,08 mile at Lydd end 0.12 at
Eggborough and both of these were done for engineering reasons. Although
this seems modest enough, there are also eight major schemes in various
stages involving a total cost of about £15.6 million. HMap 25 ind;cates
the general location of these schemes, and it is interesting to cbserve

that the one in the Peak District is the only one (47) situated in an

area of a National Park or Area of Outstanding Beauty and yet 211 this

undergrouding'is being done ‘solely to preserve visual amenity.

The Generating Board's Annual Report of 1964 (48) included
the statement that of the cable installations authorised dﬁring the past
year 6.6 circuit miles were at 400 kV. The total cost of this cabling is

not given, or where it was to be installed.
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It may be worth while to briefly consider the circumstances

of those cases that justified undergrounding at a million pounds a

mile.
!

élaslyn Lstuary

; Map 26 shows the rcute of this cable which runs from YWern M.R.
5#4402 in- Caernarvonshire to Y-Garth lM.R. 597839 in Merionethshire a
sitance of about 3% miles. This was the first major 40O kV cabling
scheme which was to preéerve the view of Snowdon irom the Glaslyn
Estuary. The Trawsfynydd to Bangor line would cross this view and the
Board;recognising the strength of the objeétion to such 2 proposal

if hoped to meet it by offering, prior to a public inguiry in May, 1962,
to underground 2 miles across the most vulnerable part of the Bstuary.
The Minister of Power not only accepted -the Boards vroposal, but alzo
supported the sugzestion put forward by the Eétional Parks Cammission
(49) and meny other objectors that a further 13 miles of undergrounding
westwards was necessary tc give greater protection to the area. Tha
Board tﬁerefore becawe obliged to underground this further lengzth,
the total cost of which is estimated to exceed £4 million. (50) The

work has now been completed,

Woodhead Tunnel

Early in the 1960's it became apparent that as part of the
LOO kV supergrid, a high voltage link was required between Thorpe Marsh -
génerating station in Yorkshire and Stalybridge in Lencashire. The
CueEeGoeB, souéht permission to route a 400 kV overhead line over the
Pennines, to which strong opposition was faised by the Peak Park
Plannning Board. (51) This resulted in a public inquiry being held
into the proposal, (52) during whiéh it was suggested that the disused
Woodhead railway tunnel (53) should be used for a cable route, as a

cheaper alternative than undergrounding in the conventional manner.
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The Minister of Power accepted this argument but in view of the
urgent need for the power link, consented to the construction of a
?emporary 275 kV overhead line between Dunford Bridge and Woodhead,
but required the permanent 400 kV connection tc be made by cable via
;the disused YWoodhead tunnel.

| Haé the C.E.G.B.'s original plan for an overhead power line
been accepted by the Minister of Power, the total cost of the link
would have been in the region of £250,000 and it would by now have

been completed. Going over the top of the ioodnead Pass, burying

the cable in the conventional manner wight well have cost about
£5,000,000, bearing in mind the difficulties of the terrain. Utilising
the old railwayltunnel is expécted to cost about £1 million in civil
vorks and a further £14 million for 3.6 route miles of cable. (5%)
To this must b;\added the cost of erecting the temporary link, and the
total cost of the tunnel project will be about £27 million. The cable
installed would be equal to only half the capacity of the overhesad
line and, altﬁough this is sufficient for the immediate future, the
capacity and cost will have to be doubled later as loads grow. (55)

By using the tunnel the Generating Board have saved about
£2 million if undergrounding was essentialj or spent £2.5m unnecessarily
to preéerve thg scenic grandeur of 3.6 miles of the bleak Pennine moors,
if an overhead line could have been accepted.
Oxford

Following discussions with the Oxford City Council, the Board
acceded to their request to underground a mile and a half of the Cowley
to Seven Springs 400 kV line between North Hinksey MR 498058 and
South Hinksey MR 5110L2 on the south side of Oxforde This underground
séction which will cost some £1} million is being undertaken to preserve

the famous view of the 'dreaming spires' of Oxford from Boars Hill and
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and Rayleigh Park. The Bcard says it has decided to lay the cables
underground "because of the unique character of these views'". (56)

Southampton iater

A LOO KV connection was required befween Fayley generating
gtation on the west side of Southampton Water to Lovedesn substation
sifed some ten miles to the north. There were three possibilities
for making this connection. Firstiy an overhead line travelling
.westwards, then arcund Millbrook to the north of Scuthampton and thence
to Lovedean, but this was rejected from considerations of routeing
anc amenity.

The second possibility was to construct an overhead line
across Southampton Water, It was'ﬁnquestionably the éhortest route,
-and although the towers would have been higher at any other river crossing
in the United Kingdom, such a scheme was both techniczlly and econonically
feasible. But the following discussions with Gevernment departments and
.local authorities, the Board agreed to an underwater crossirg mainly for
amenity reasons. This led to the choice of the tumnel which not.on¢y
preserved the shortest route, but overcame most of the amenity cbjections.
The two mile tunnel runs from Fawley to Chilling M.R. 103870 shown on
Map 29 and is now nearing completion. It is estimated to have cost the
Board about £3 million. (57)
Goring Gap

The Board had engaged liss Sylvia Crowe to advise them on the
route of a proposed LOO kV line from Cowley near Oxford to Fleet in
Hampshire, and particularly for the short section where it crossed the
Thames, which is in an area designated as an Area of Cutstanding Natural
Beauty. Miss Crowe advised the Board that the line should be undergroundec
through the Goring Gap but the Board rejected her édvice because of the

high cost it claimed would .be involved in this operation. (58)
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Following a nine day public inquiry at Reading in 1955 the
inspecfors recommended an overhead line but, the Hinister of Power,
Mr. Richard Marsh rejected. their rccommendation and withheld consent
for the section across the Berkshire Downs near the 'Coring Gap'! (%9)
as requested by the Berkshire County Council and supvorted by the
Council for the Preservation of Rural England (60) and the National
Parks Commission. (61) The Board has now recognised that to complete
the connection from Cowley near Oxford to Fieet in Hampshire it will bé
-obliged to underground approximately 18 miles ‘through the Berkshire
Downse.

The positions of the sealing end compounds froia which the
cables run are at Moulsford Down M.R. 583822 and Lewington Yood F.R.
582766, and weré virtually fixed as a result of the inguiry, and the
cable route therefore became the shortest practical route between these
points. Much of it léy cver steep gradients, crossing a golf course,
the corner of a wood, arzble land and a farmyard. The route is shown
on ﬁap 30, The Board anticipated that for scnie years the electrical
demands on this route could be met by cable having half the capacity
of the associated overhead line, but provision ﬁas made for laying
further cables as required. To ensure adequate dissipaticn of heat
from the cables, and to avoid the use of a cooling water installation,
the cables were laid far snough apart so that the dissipation of heat
from one cable would not affect the others. The trenching arrangeméﬁt
is shown on the accompanying drawing. The cable was tested on |

21st October, 1958, and has been estimated to have cost approximatley £1m.

Thames tunnel

As part of the 400 KV supergrid system in south east England

the Board required a connection between Kingsnorth power station on
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the south bank of the Thames, to Tilbury power station in Essex on
the north side of the river. fhe approximate length of the line would
be about 10 miles, and reguired a crossing of the river. An overhead
crossing was technically possible but would have involved expensive
tower foundations. The towers would also have to be about 300 ft.
high so that the sagging conductors woul@ provide clearance for the
masts of the tallest ships under conditions of the highest tides.
The Board anticipated that there would have been strong dmenity objection
j;o such a proposal and they have said.that the difference in cost
between a high crosssing and a tunnei installation was small, and
therefore a tunnel was adopted. (63) %“York started on the 5,200 ft.
long tunnel in January 1967.‘(64)
Ross-on-iye

As part of the main transmi;sion system for the south west
and South Wales, a 400 kV route was required between Gloucester and
Ystradgynlais in Glamorgan. |

Originally plans were made for a comnection which would be
carrigd entirely overhead, but as a fesult of objections to.parts of the
routé a public enquiry was held in July, 1965. (65) Further investigations
were ordered in 1966, and in April, 1967, the then Minister of Power,
Mr, Richard Marsh, required the Generating Board to pvlace uncderground
a section of the route " . o o to preserve the emenities of the river
and the view from Goodrich Castle". The Minister's decision also tied
down fairly closely the positions of the two sealing end compounds.

The cable runs from Brelston Green M.R. 563199 to t'alford M.R.
534212 shovm on map 32, This crosses a rost beautiful part of the
River Yye, and the Board is now in the process of laying the cable
between these points. The cable route is apjroximatley 1.6 miles long
over which cables having a capacity of half the overhead line are

being installed initially. Provision is being made, for increasing the
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capacity to the full rating of the overhead line circuits at a later
date.

The western sealing end compound at Brelston Green lies in
the valley of the Luke Brook to the west of the A40 trunk road from
vhich the comﬁound is screenéd by trees. From the compound the cable
route rises stecply across pasture land and an orhcard. Throughout
tbis section of the route the cables are laid direct in the ground with
three cables buried 4 fte. 3 ins. deep in each of the two trenches.
Normal cultivation is possible over them, except at joint positions
where there is a comparatively shallow depth of séil.

All trees aré removed from the route of the cables to avoid
possible damage to the cables eitﬂ;r by the tree roots or by the
disturbance to the grouﬁd caused by a tree being uprcoted. Trees are
also clecred to avoid the danger that would be caused by the removal
of moisture from the soil by the rcots which would leave the cables in
a dry, thermally unstable ground., After passing through an orchard,
the cables pass under the ALO trunk road by means_of éucts, asnd then
proceed through a section of park land. This is the highest point
of the route, and the cable after crossing a minor rocad the rcute enters
the top of a gulley leading down to the river Wye,

At the top of the gulley the method of laying is changed to
precast concrete troughs laid flush with the ground surface. This
nmethod of laying redﬁces the overall width required for the cable
installation since the cables are laid closer to the surface and the
heat generated in the cables can be dissipated to the atmosphere more
rapidly. The use of troughs down the gulley does also have the
advantage that it reduces the amount of tree felling that would have

been necessary with caoles laid direct in the ground, and also provicdes
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to the tip of the Beachley peninsular and under the Wye to Newhouse
as shown on the accompanying map 33. The tunnel is required to carry.
the 400 kV power line across the Severn as part of the route linking
Melksham substation in Wiltshire with Cilfynydd in Glamcrganshire.
The tunnel will be about two and a quarter miles long, and with the
cable will cost about £5m.

From a study of these eight schemes (67) one is left with the
feeling that the total ameﬁity expenditure for 400 kV undergrounding of
about £16 millionlover a period of five years, when the total transmission
expenditure has been in the order of £1dO million a year is not
unreasonable. A commitment of about 3> to yreserve the views of Snowdon,
Oxford,.the Berkshire Downs, The Sblent, The Thames, Rivers ¥ye and
Severn and a part of the bleak Pennine loors, would appear under these
rather exceptional circumstances to be justified.

Conclusion

Thé Government's present attitude to high voltage undergrounding
was stated quite simply by Richard Crossman in May, 1665 (&8) when he
said that the Government was-not orepared to support extensive undef-
grounding because public opinion was not ready to pay the extra cost
vhich would fall upon thes consumer, and who would doubt that the vast
majority of consumers would fegard 271 million a mile for electric cables
as a price too high to pay for presérving the countryside? The position
would not change until a public opinion with a full understanding of .the
costs and technical problems invblved, demand ithat the politicians sgend
the vast sums recuired.

There caﬁ also Be little doubt that the Board.would be giad to
find a practical alternative to high voltage overhead transmission lines.
Cbjections £o its proposed routes consume sn immense amount of time,
money and energy, and the Board must be hoping for a major advance in

cable technology that would make undergrounding less costly. In the
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meantime howe&er, the Board would gain rather more public understanding
of its difficulties if it would adopt an attitude of seeming to share
the problem instead of appearing to confuse the pgblic.by ambigucus
and conilicting statements., With this objective the following actions
couid be recommended which may help to achieve a greater appreciation
of the Board's problem of deciding when, and when not to undertzke the
expense of major undergrounding.

1e A rationally respected independant body or specia

Commission to investigate cable costs, and publish a rerort

explaining how and why high voltage cables are so expensive and

make comparisons with the costs of the same capacity cables in

other countries. ’

2. . The appropriate Government devartment should

'publish the amount of.money spent each year on cazble research,

with some indication of the possible results, and the Board

should be encouraged to pursue with determination current

research progranmes designed to bring down the cost of

underground cabling.

32 The Board has frequently stated its willingness to

underground 132 kV line entries into substations and it would

provide more credence to the policy if the next Annual Report

would mention those specific cases when this has been done,

L, Publish ammually the amount of money spent on

cabling énd refer to all those cases where cabling has been

done solely for amenity reasons.

Se Establish a standing committee to conduct local

sur&eys, both in areas wﬁere lines are due to run and

elsewhere, and discover how strong and reasonable public

opposition is to the Boards developments. Also to inquire

how much expense. people are prepared to go in order to
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reconcile the provision of clectricity with the retention of

amenity, This committeé to make recommendaﬁions and to keep

the problem under review yearly.

With these facts the interested inquirer could see how much

the Board, and indirectly the nation, pays to preserve amenity, and
to judge for himself whether such expenditure is in the intent and
spirit of the Boafd's statutory obligation to pay due fegard to amenity.
If one vere uncharitable one might- think that the Board deliberately
withholds this information, as it would not wish to publicise its
ovn shortdoqings. On the cther hand, it is possible that the Board has
not correlated this information, in which case it shouid do so in order
to evolve their own policy. Whatever is the truth of the matter the

Board should be obliged to declare the facts of the situaticn, so that

a clear national policy could be discussed, agreed, and applied.
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CHAPTER SEVEN

+  Case Study - Bradford to Darwen 400 XV line.

1 Introduction

2 Preliminary Negotiations

3 Public Inquiry

.4 The Inspectors' Conclusions
5 The Guide Deviation

.6 The Ripponden Deviation

T.7 Conclusion

7.1 Introduction

Sometime in 1961 the Generating Board decided that it required to bui
a 400 KV line across the Pennines from Bradford in the West Riding of Yorkshire
to barwen in Léncashire, via Padiham; They recognised that to find a route
across the Pennines through an area associated with the Bronte sisters, and
throuéh countryside qf great character and beauty would present conslderable
problems. Apart from.the baslic amenity difficulties, many others became |
apparent during the course of the Board's negotiations; This case study has
been undertaken not from a politiéal, administrative, or policy point of view,
but In order to consider how the eng;heering and wayleaving cri£er1a mentioned
in a previous chapter are applied in one particular instance. It is not thoug
that the history of the negotiations for this line is necessarily very typical,
although it is not exceptional; and of course not all engineering and wayleavin
problems are evidént in this case. The fact that this line involved two public
Inquiries, was partly the reason for choosing it as a case study. Every mile o
the line had been subjected to detailed examination, cross-examination and the

balance of advantage and disadvantage carefully weighed and decided. As all

this is fully documented 1t providés accurate material for this study. (1)

Note: - Map 34 showing the alternative routes discussed in this chapter
is included in the pocket at the back of this volume.
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7.2 Preliminary Negotiations

The Board required to construct a 400 kV line from a point nezr
Bradford in Yorkshire westwards acrcss the Pennines to another

!
near Darwen in Lancashire. 1In a direct line this viould be a distance cf

i
about 25 miles. The line was planned to form part of the natlonal supergrid,
and was required for two purposes. Firstly, it was to transmit surplus power
frem the Yorkshire generating stations on or near the Yorkshire coalfields
aﬁ Thofpe Marsh, Ferrytiridge and Eggborough, to Lancashire, where the
expected démands could not ve met by local power stations nor with the
addition o% imports of power available from the nuclear generating
sﬁétions in North Wales. Secondly, the line was to provide secure
.t;ansmission connections as part of the supergrid from the large sources
of generation in the Yorkshire, North East and East Midlaﬁd areas. At a
later date the line was Intended to provide additional electricity suppiies
to satisfy future increases in the Burnley, Padiham and Blackburn areas.
The Board estimated that the demand in the Burnley, Nelson and Colne areas
would require reinforcement in aboutil973. The Board proposed to provide
a 132 kV supply from the supergridlsystem, and they cialmed that the
logical position for the new supply point would be Padiham whilch was
already the focal point of the secondary transmission system in. that
area. For that reason the line the Board proposed was routed via
Padiham rather than the direct route between Bradford and Darwen.

In designiné a transmission system there are itwo aspects
to consider in determining the route for a line. Firstly; the immediate
future, where tﬁe pattern of load and generation are defined withip

reasonably close limits, and secondly; the period beyond ten years when

the load and generation are less well defined and are more subject to change.
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The route that offers the best chance of meeting both of these conditions
should be adepted. The first route proposed by the Generating Board
crossed the Pennines to the north of Boulsworth, Hill as shown in

red on the map. This line would meet the electrical requirements of
the immédiate future and barring radical changes in electricity supply
policy would meet the Board's requirements for at least ten years, For
the future the Board were almost certain that the to£a1 mileage of
transmission circuits in the area would be less if that route vere’
;chésen. However, in deference to the view of the Lancashire County
lCdﬁncil,the Board proposed an alternative route for a section of the
'1ine from a point south~east of Burnley running in a general north-easterly
direction across Wadsworth Mcoxy which was investigated. This route is
shown coloured blue on the map. In about Sentember, 1955 application
was made by the Board to the local planning avthorities for both the
original route and the alternative, with an expressed preference

for the northern red route.

There was opposition to both routes. Neither was supporfed
by the Lancashire nocr the West Riding County Council, but in considering
the route of this line, they invited the Board to consider a third
alternative further south than the other two, coloured sreen on
‘the map. The Board regarded this third route as oracticavle, and
asked the Minister of Power to consider this route concurrently wita
the others.,

Several meetinés were held between the Board‘and the Local
Authorities, but it seems that every alternative had its advocates and

objectors.



195.

As there was no consensus of preference and agreement could not be
reached the Minister of Power decided to hold a public inquiry to

determine the matter,

7.% Public Inquiry

The public inquiry was held at Keighley in July, 1966 when
the advantages and disadvantages of the red, blue and gfeen route
were publicly argued, (2) |

The Generating Board explained that the line was required to
trensmit surplus power from the Yorkshire generating stations to
Léncashire, to form part of the national supergrid and, subsequently,

- to meet increased demand for electricity in the Burnley; Padiham and
Blackburn areas, The Board had appliéd for one of three routes across
the Pennines, and a section common to all thrée from Hapton Clough to
Darwen. -

The Board's witness said that by adopting the red route
there would be three fairly evenly spaced main transmission Yorkshire
to Lancashire 4CO kV lines through the densely populated West Riding
and East Lancashire areas, &11 existing and new uwrban develonment
in the area wou}d be reasonably near a main trunk line which would be
'conveniently tapped with the minimum length of additiénal line,

The red route was within relatively eaéy reach of the public
roads and the problems of access for construction wefe no more hazardous
than with the average line. The blue route although shorter than the red
route crossed very opén inaccessible country for some 9 miles, 4.4 miles
of the route would be above 1,200 ft. and because of wind and ice loading
conditions experienced at that height the maximum span would need to be
reduced to 800 ft., the effect of that being to increase the number of

towers by 40%.
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The 4.6 miles of the green route 2bove 1,200 ft. would be treated in the
same way. The Board indicated that operational experience of a line
simi}ar to the blue route might cause the Board to resconstruct the
highér section over the moors as two single circuit lines.

f If the blue route were adopted the Board thought that the
period when construction could take place would be limited by the
very adverse weather conditions experienced during the winter months.
The commissioning of the line might for that reason be delayed by a year,.
Ixtra care vould be also be necessary during wet Qeather in the summer

|

months so that the top surface of grassland would not be permanenily

i . . . .
amagetG; special vehicles with low ground bearing pressure would
i .

”’

have to be used.s The moorland section of the green rcute crossed
.country similar to the blue route but the access would e less difficuit.
Access to the remaining parts of the green route should not present any
undue difficulty. F¥rom geological survey maps available there were
stretches of each of the routes where bzd ground conditions such .as
peat would be encountered. '[he worst route affected was the blue
route followed by the green roite whilst the red route would be affected
for a shoert section only. Ig”a long dry summer the Board said.thét the
blué route would be as easy tc-cénstruct as the preen route although
these routes would always be more difficult than the réd route.

No points of special engineering difficulty had been mentioned
by the Board on the red and blue routes except that on the blue route
there was the general difficulty of access for construction over the

moors. There were, however, five places of particular difficulty on

the green route. (3)
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All three routes were subjected to objection and it seems
“that it weuld have been impossible for the Board to have selected a
route which would have satisfied a2ll the objectors. Different parties
ek different values for different tyves of amenity. The Board said tﬁat
they regarded it as their duty to weigh carefully all the conflicting
interests. A route in the valley had been welcomed.by some as the
effect of the line would be localised, but it would cause strong protest
from others whose homes would become more closely affected, To place
the line on the lower slﬁpes of high moorland to clear a residential
. area had the édvantage of providing a background for the line as seen
from places where people live, but it would be objected to because it
would lie between those people and théir féérpational access to the
moorland and other places of interest. The moorland area itself was
unpopular as a location for the line because it was high, exposed and
its beauty was at present largely unspoilt.

Objections covered all types of country available for the
_1iﬁe and the Board were faced with the problem of deciding which
objections carrie@ greater weight in the general public interest. In
the light of conflicting observations received, it appeared to the Board
that the balance in favour of one type of amenity over another was not
overwhelming,and they had therefore decided that they should apply to
the Ministef for such reasonable and practicable alternatives as had

been put to them by interested authorities,
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In additicn to the red route which was the Board's preference,
the application covered the blue route because it was suggested by the
Lancashire County Council as improving the situation for people in the
Colne, Nelson and Burﬁley conurbation and because it offered a rcute
some three miles shorter than the red. The green route had been adepted

because it was the combined suggestion of the County Planning Oifficers of

- Lancashire and the West Riding of Yorkshire supnorted hy the National

Parks Commission, (4) and also because it avoided the problem of the

Bronte country.

/ The Board summarised their case by saying that the most
i .

_ nbrtherly of the three routes, the red route, would be within

-

comparatively easy reach of roads and keep generally on lower ground
than the other two. It would thus be the least difficult to construct
and maintain, The middle blue route crossed high inaccessible country
for some 9 miless.of which 41 miles would be over 1,200 ft. The third
green route would also run for about 4} miles avove 1,200 ft. and the
two latter routes, particularly the blue would be more exposed than
the red to the effects of bad weather. The total route leﬁgths from
Bradford (Shelf in the case of the green route) to Darwen would be

33, 30 and 40 miles, and cost £2,231,000, £8,179,0C0, and £2,931,000
respectively.

In making alternative applications to the Minister it was
the Board's practice to state a preference for one of the routes
concerned., Having regard to the conflicting views on the amenity
issue, the Board had based their preference primérily on the advantage
which the red route offered because it would be easier to maintain and

keep in service in severe weather when the line could be most needed.



It was the Board's view also that on balance the red route was to be
rreferred on amenity grounds as well.

The Yest Riding County Council said that aé a result of long
and careful consideration of all the facts involved and bearing in mind
the various objections raised to parts of all the three routes, the
Counicil; whose views viere in agreement with those of the Lancashire
County Council and the National Parks Commission, were of the opinion
that the green route was the least harmful to the County as a whole,
'They were also supported in their view by the Keighly Borough Council,
-the Council for the Preservation of Rural England, the Mardcastle Crags'
freservation Society, the Civic Trust for the North West, the Ramblers'
Association, the Bronte Society, the Haworth Civie Society, and numerous
local societies and community groups in the Keighly area.

The County Council were very sympathetic to the vievs
expressed by the three objecting test Riding local authorities of
lBrighouse, Elland and Rippdnden regarding a line on the green route
and recognised its effect upon thewm. Their points of view were. very
valid and while the County Council acceptéd.that such a line would be
very damaging in parts they believed that any neutral person would
take the view that it would not be so damaging as would be lines on
the red or blue routes to other parts of the Vest Riding., So far as
the County Council were aware no country-wide amenity orggnisation
objected to the green route.

The County Council had been forced to that judgement by

three steps of reasoninge.
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Firstly, they had accepted the need for a further supergrid line across
the South Pennines; secondly, the red and blue routes wefe unaccéptable
because they traverséd open country of high amenily value much of it
remote, wild énd unsvoilt to which large numbers of people were attracted
either for recreational purposes or because of its litersry associations
with the Bronﬁes; and thirdly, only the green route was accertable on
anenity grounds, Its advantages over the red and blue routes were that
it traversed land of less scenic value and crossed the Pennine way where
it iwas least used and clese to both the existing lMonk Fryston Rochdale
'2?5 kV line aﬁa the Halifax-Rochdale Road, and also the 458, which
carried a very large volume of commercial and industrial traffic,

Because of its geographical position and the existence of the ¥Vest

Riding coalfield the County had accepted several large power stations,
and the main transmission lines associated with them. The County Council
considered that this entitled them to ask the Board to accent certzin
extra difficulties and some additional expense in order to preserve the
natural beauty of.the countryside. By so doing the Board would be having
regard to their statutory duty under Section 37 of the Electricity Act,
1957. (5)

The County Council said that lines on the red or blue routes
would cause permanent damage to an area of outstanding scenic value and
unspoilt natural beauty which was much frequented by the residents of
surrounding industrial towﬁs in the Yest Riding and Fast Lancashire.
Lines on either of those routes would encroach upon the Bronte lMoors
and pass close to the village of Haworth, to which it was estimated there

were some 500,000 visitors each year, some 60,000 of whom visited the

Bronte Parsonage Museum at Haworth,
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The extra cost involved on the green route, £659,0C0
according to the Board, but cnly £580,C00 by the County Council's

estimate, was considered to be a reasonable extra expense in order to
| 9 I

safgguard a large and regionally important area of high scenic value,
whi;h was also the second most visited literary shrine in the country.
Lines on either the red or blue route would result in_very much greater
financial loss to the tourist trade in Yorkshire which it was hoped
‘would reach £30,C000,000 per anmnum by 1970,

'The blue route had been the Board'!s first alternative to

l .
the red, and had been put forward following discussions with Lancashire

#ounty Council about the section of red route between ¥Wallc Mill to the

;south-east of Burnley and Water Sheddles Reservoir on the county boundaryll
;at the Herders Road, But Lancashire County Council had stated subsequenfly
that they preferred the green route. The blue line would be the cheapest
of the three alternatives, but since the Board's witnesses concerned with
construction, maintenance and amenity, had stated that it was the least
satisfactory of the three, it seemed that the real issue befors the
Minister was thé choice of the red or green routes,

The County Coﬁncil quoted the Board as saying that cost alone
was not by any means a decisive factor, and that the Board's firm
preference for the red route was based primarily on its reliability and,
in particular, ease of access to the line for maintenance. The Board had
placed those factors higher than those relating to cost, and appesred to
have decided on such preference for the red route without having regard
to the serious access problem which existed in the Forest of Trawden area

generally, including the Herders Road, under wintry conditions.



The County Council said that in the winter of 1962/63 roads well below
l;OOO ft. had been blocked by 20-25 ft. snow drifts_for six to seven
week;, and that muich of the red route was ﬁore than 13 miles from class
A réads.

; The Board had stated that in their experience about ocne~third
of all faults in the North liest Region occurred at ahout or above
1,000 ft, above ordnance datum and had produced figures claiming that
the red, blue and green routes had respectively 3.5 miles, 9,1 miles,
Iand 1043 ﬁiles above 1,000 ft, The Council considered there vias nothing
special ;bout the height of 1,000 ft. and a figure of 800 fi. would have

ﬁeen more appropriate having regard to the height of the towers. A
I

i
I

considerable length of the red line was believed to be close %o 1,000 ft.
;and much of that high ground was less convéniently situated in relation to
access from class A roads than was the case with the green route,

In contrast to £he Board who had said the balance of one
particular line was not overwhelming, preferring the red on grcuﬁds of
.access and maintenance, the County Council asked the Minister tc find
there wére overwhelming amenity disadvantages with the red and blue routes,
because of the serious effect that lines on them would cause to an area
or outstanding natural beauty with great public attraction., The Minister
was also asked to support the County Couﬁcil's view that the green line
was the only one of the three alternatives submitted by the Board which
could be accepted on amenity grounds.

There appeared to be general agreement among most of the
other parties at the inguiry that the green route wsuld be the least
harmful to amenity. The County Councils, the National Parks Commission
and many other authorities and organisations, urged that lines on the red
and blue routes would cause permanent damage to areas of cutstanding scenic

beautye.
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The red route would encroach upon the Bronte moors passing close to
the village of Haworih which drew thousands of visitors annually,

Access to the red route would be very much worse than to the green under

seve?e weather conditions. Both the blue and the red routes crossed
par?s of the FPennine VWay which were greatly used, whereas the green
reute ¢rossed the least used section where scenic values had already been
depreciated. ‘The red and Llue routes would also adversely affect the

anenities of Towneley Park and Towneley Hall at Burnley which attracted

many visitors each year.

" Strong objections were, heowever, voiced to the green route.

i, . . . - - o .
Brighouse Borough Council said it would traverse 7= miles of green belt

K
which they had fought hard to preservé. Eliand Urban District Cogncil,
.who questioned the need for the line in view of possible nuclear power
develorments, considered that the green route had heen hastily conceived.
and that the scenic values and literary associations of the red and blue
~cutes had been cover~stated, Elland alréady had more than its fair share
of overhead lines; but if the line had to come, the Council would be
willing to heip in fhe provision of a route. Ripponden Urban District
Council favoured the blue route as being the cheapést and affecting
fewest people., The Halifax Gliding Club said the green route would be

a hazerd to gliders at Ringstone Eage Moor; if it could not pass further
west and nortﬁ of the moor, keeping below the 800 feet. contour, the clud
would have to cease flying.

Blackburn County Borcugh Council obJjected to the line near the

outskirts of the town, on the section common to the three alternatives,

because of the possibility of future industrial and housing development.
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Objections to all three routes were put forward by or on
beha;f of individual owners and occupiers of properties, lccal bedies
cr oﬁganisers of petitions, on grounds of amenity, depreciation in
value of property, restriction of future development of land and
interference with agriculture and grouse shooting.

7.4 The Inspecters! Conclusions

The need for the line had been accepted by 21l the

cojectors except Elland Rural District Council. The Inspectors

thought it might well be that at some future date through advances

in technology, there could be a change in policy whereby smaller
i
power stations, possibly nuclear, were sited near load cenfres along

1 i)

the lines suggested in the Review of the Vest Xiding Developmant Plan.

‘Such changes, however, were not in the immediate future, and oa the

vresent showing the need for the line remained,

Of the three alternative rcutes the red traversed countryside
of great character and beauty, large tracts of which were entirely
unspoilts The impact on the Bronie country and the Penrine ey would
be severe. The country between Hanton Clough and the Forest of Trawden
:as very pleasant and the line would be seen from numerous public
footpaths and minor roads.

The blue route was less harmful to the Bronte country than
the red and its cumulative effect on amenities less severe. But it.
traversed even wilder and more remote moorland. It would have a greater
impact on the Penniné Way and would ve conspicuous at many points,
particularly where it crossed the Keighley to Hebden Bridge Road, and
in the Wadsworth Moor and kardcastle Crags areas., The Inspectors
considered this alternative unsound 25 the line would be virtually
impossible to maintain at crucial times, they therefore considered that

the red and green routes were the only sound proposals.
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To strike a balance between all of the factors of importance
on the red and green routes would be extremely difficult and they accepted
that, opinions on how much weight to attach to those facters can differ
!

-

Wide}y agd at the same time be honestly held, They were, however,
impﬁessed by the strength of amenity opinion coming from the planning
autﬁorities, the National Parks Commission, the Council for the
Preservation of Rural England and other orgenisations in favour of

the pgreen route.. They accepted the point made by opponents of the
green roufe that less publicity was given to that route than to the

red or.blhe routes, but even if this had not been so they thought it
ﬁnlikely that tﬁe balance of amenity opinion would have been much
_gifferent. They believed that the Brépte country was of both regional
;and national importance, thus having a value zlso for opponents of the
green route, and in the public interest should be harmed as little as
possibles The Inspectors conéidered that the cost of preserving this
area by adovting the green route would be formidable. The line itself
would cest £700,000 more which with the necessary undergrounding of

the Elland spur would rise to £909,000. The Board would not be
undergrounding the Burnley spur so that the next extra cost would be
£659,000. To this must be added firstly, the fact that the green line
'wcuid be hardér to maintain, secondly that its édoption would cause the
system as a whole to be less satisfactory technically, and thirdly that
reinforcement would be reguired earlier, between two and five years in
the 1980s. In their'opinion the cost of prese}ving the Bronte country
and the nearby, much visited, mooriand scenery traversed by:the red
line - heavy as it is - was justified in the national interest and should

be met. It followed that the green route 1s without doubt theirloverall

choice,
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The inspectors thought that the needs of the Halifax
Gliding Club could and should be met by an adjustment of the green
route providsd that any further damage to the amenities of Ripnonden
and Kishworth was not too great, vut considered it unlikely that =
more satisfactory route than the green could be found in the Elland
area, They could not recommend the alternative sugsested by the
Calder Civic Trust and Calder High School Sixth Form Society (6) *o
the north of the red route because it would be very difficult to_find
a way through the builtnuf area west and south~west of Keighley, and
q&ch a line would be very prominent in the Cullingworth area and
i
'-6etween Cross Hills, Cowling and Colne. They thought the deviations
suggested by Dr. Forsyth and Mr, Marsiall—Holmes (7) to the south
of the red réute would have many of the disadvantages of the blue route,
and could not recommend the proposél of the Ramblers! Association (8)
to route the green line from Bradford to the west eof Halifax and
Ripponéen; this would be very harmful to pleasant residential areas
ané attractive countryside most of which was free from industry. The
removal of some of the existing lines on the west and south of Halifax
had been suggested by the lVest Riding-County Council and would help to
some extent, but the effect of such improvement would be local and the
Inspectors doubted whether the expenditure could be justified. As
regards Blackburn Corporation's plans on the east and south éides of
the town, the Inspectors did not think industrial develomment need be
seriously inhibited by the line, but they considered that it should skirt
major residential areas and not pass directly over them unless there were

good reasons,
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The Board should consult the vlanning authorities again about the
Corporation's deviation at Guide, but they did not recommend the
deviation at Whitebirk or the deviations near Knuzden Hall asked for

by tﬁe Trustees of Mrs, Jones' Harriage Settlement.

| By letter dated 18th May, 1967 (9) the Minister of Power
" issued his decision granting consent to the southern line known as the
green route with the exception of the sections between Eccleshill and
ﬁigher Stanhill Lancashire (the Guide deviation) in order to avoid
land 1ike1§ to bé developed for housing by Blackburn Corporation, and
bﬁtween Rishworth and'BarRisland liest Riding of Yerkshire.(Ripponden
dgviation) in order to avoid interference with the overations of the
ﬁalifax Gliding Club. He asked thé Board to investigate alternative
foutes for thése sections,

7.5 The Guide Deviation

At the inguiry Biackburn County Borough Council said that
they accepted the need for the line but objected to its detailed siting
eést of the Vhitebirk Power Station and in the locality ¢f Guide, The
former Local Government Boundary Commission's draft prorosal for
Blackburn County Borough had been that the County Borough's boundary at
Whitebirk should be extended to provide for a proposed industrial area
immediately to the east of the present Borough boundary. The land was,

“however, unallocated in the Lancashire County Development Flan and the
Boundary Commission's proposals were now iield in abeyance., The 40C kV
line would cross the provosed industrial area for a distance of
approximately two-thirds of a mile in order to get close to ¥hitebirk
Power Station where the Board expected to have a future connection to

a'substation.



The Borough Council were of the opinion that the line would seriously
interfere with the proper development of the area for industrial
purposes. Potential developers would prefer not to have thn'line

over their land as it would restrict the manner in which they could
develop their sites and result in some sterilisation of the land.

They believed that the line would detrimentally affect iﬁduétrial
processes involving the use  of certain types of electronic eguipment

i.f it passed over or close to these.  As fhe land was heing ear-marked
Tor the relocation of existing badly sited industries within the toun
tﬂey said it Eould result in local industries lea&ing the town in order

to obtain industrizl sites elsevhere which had not the disadvantage of

)

being crossed by a 400 XV line. They asked that the line should be
routed clear. of the arca suggested for inclusion within the County
Borough, and if the connection to the existing VWhitebirk Generating
Station was later required then so far as this was practicable it should
.be-made over the Board's own iand thereby- sterilising as little as
rossible of the land which the Council coﬁsidered-would be required

for the relocation of existing industries. The Borough Council also
desired that the line should ve routed clear of other areas in the
vicinity of Guide which were under discussion with the County Council
for housing, re-location of industry and smallholdings., The line
vroposed by the Borbugh Council would be about &0O0 yards shorter and
would result in no increased loss to the amenities of that locality.
They considered that it was most undesirable that lines of that voltage
should be routed over land likely to be required in the future for urban
development, because some of the land would be sterilised, thereby

increasing the cost of development and nrejudicing its proper layout.
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The balance of inconvenience vas considered to be against the
Corporation's interests and the Minister was as sked that these
relatively trivial concessions should be made,

It seems that the Minister was persuvaded by these arguments,

and in his decision did not aparove this section of the wmroposed line,

o
=
ot
Y
Ui
7‘
o
o
ot
oy

hat alternatives should be investigated.

The Board had discussions with Blackburn County Berough Council
and Blackburn Rural District Council and proposed an alternative route
tgat fully met their objections, which they subseguently apnroved.
Regulations required the proposed line to he advertised, (10) and
two objections were reccived from local residents. In both instances
the objectors would see the line and towers from their houses but in
neither case would the line or towers be on or over their land. The
Minister apparently did not consider these objections seriocus enough
to hold another inquiry and accordingly granted consent to this section
' of approximately 2% miles of line on 1lth August, 1968.

7.6 The Ripvonden Deviation

Ripponden Urban District Council appears not to have disputed
the need for this 4OO kV line hut at the inguiry raised objection to
the green route. Councillor Riley speaking for the Ufban District
Céuncil said that a line on the green route weculd have an effect upon
the everyday lives of people living in the areas through which it passed,
It would be preferable to route the line through reiatively uninhabited
areas visited by a considerable number of people for a short time,
rather thap through or close to residential areas occupied by a great

many people for most of their working lives, vhere it would be seen

every day.
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A petition containing 484 signatures of mostly Rishworth residents had
been received by the Council objecting to the green route,

Councillor Riley said that those objecting té the red and blue
routes had placed too great an emphasis on the recreational and amenity
value of the areés through which the lines would pass. It also seemed
to him that those supporting the green route did sc largely because they
congidered the locality of that route to be less pretty and %o some extent
spoilt by existing features including traffice Thé issue he argued,
shguld be settled on the basis of the opinions counted by heads of those
actually adversely affected by the three provosals., If that was done,

. then either the red or the blue line would be selected; the blue route
being the more logical choice. He drew speciai attention to the objections
of the governors of Rishworth School, and the Council also supported
objections from Heathifield Preparatory School; Rishworthj St. Jchn's
School, Rishworth; St. John's Church Council, Rishworth; St. Jéhn's
Hothers' Union; Rishworth VYomen's Institute; Sowerby Division of the

Girl Guides' Associationj; Ripponden Parochial Church Councilyj Ryburn -
Business and Professional Club; Hessrs.-G.H. Binns, G.W,., Anderscn, and

E.L. Hurst, three'reéidents of Rishworth.,

From cross examination of Councillor Riley it appeared that
Ripponden Council were opvosed to the green route on principle and.no
amendmeﬁt in detail would render it any more acceptable to them. The
line would cross Blackstone Edge Moor which had already been disfigured
by the Monk Fryston to Rochdale 275/40C kV line, and would descend to
the south Side of Rishworth Village across farmland, crossing the
Oldham - Halifax A672 Road, close to Rishworth School, its grounds and

playing fields.,
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Councillor Riley emphasised that the line would be very harmful to
the viilage of Rishworth and the Generating Board had agreed that
this would be so. .He went on to say that from Rishworth the line
would climb steeply through further farmland on the east side of the
valley to cross Ringstone Rdge Moor, where it would constitute a
hazard to gliders taking off and landing at the airfield. The hazard
would be such that if fhe route was aprroved "without amendment the
club would have no alternative tut to cease its flying activitites.
A;substantial claim would be made for compensation, particularly as
qﬂe Gliding Club knew of né vossible alternative site anywhere in the
errounding area. _ .

Further to the north-east the line would cross land allocated
for residential development at Barkisland in close proximity to
Barkisland Scheol,

Ripponden Council was not satisfied that it had been shown
that adopticn of the green rcute was in the national. interest or for
the benefit cf the community enough to jﬁstify the subjugation of
local objection. He knew that the Board did not like the green line
for technical reasons and that it would cost considerably more because
of its greater lengtn, but to his Council the blue_fouta wvas the
logical one because it was the cheapest and affected the least number
éf people.

The Minister in his letter of decision (9) deferred his
decision in respect of this section of the line between Rishworth and
Barkisland and suggested an alternative route north of the green route
with the intention of aveiding interference with the activities of

the Halifax Gliding Club.



Investigation and discussions with officers of the Yest Riding County
Council and Ripponden Urban District Council established that no

practicable interpretation of this suggestion was acceptable to either

par?y. The Board's officers were also ofi the Spinion that such a
roufe would cause considerable damage to the amenities of the area,

The Board also considered an alternative route further south
than the green route, (11) which if it had been welcomed by a}l
affected parties would have been acceptable to the Board even though
they considered it inferior to the green route, and would have cost
approxim;tely £70,000 more. However, this dotted blue route did
ﬂot solve the problem of the Halifax Gliding Club as it would have
L
-still to some extent obstructed the aﬁproach to their landing area,
.as well as raising the objection of some 500 people living in the
vicinity that signed a petition onposing it.

The Yest Riding County Council préferred the original green
route although not objecting to the proposed dotted blue route. In
this situation the Board said that they did not feel justified in
making an application for the dotted blue route and accordingly asked
the Minister to review his decision for the green route,

In view of the objections to both proposals a public inquiry
was held at Halifax iﬁ November, 1968 at which all these matters were

examined, (12) The Minister has not yet given his decision. (13)

Altiouszh this study of a nrowosed route of about 30 miles

)
)

for an overnead line has been dealt with in considerable detail, it shows

how technical matters tend to vecome interwoven with amenity considerations,

ancd now these judgements are affected by economic oninions, rather than
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hy frncts. & typical example of this. was the vostulated loss to the
tourist trade in tue Pronbe country because of the visual effect of

he Board ”lHLuh that on one route

2
2
—
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because of its altitude tiuey may have to cons bLUCt the line as two
sinzle cirvceuit lines wilch would involve two lines of towers instead

of the sinesle line of doubie cireuit towers. This staterent was. not

ined in ths background as a

expialned nor cross sexzamined, but rem

iild threat. In one sense the Doard can nlan sn overnead line route

with a certain sense of objectivity, by weighing the various costs

one route a: st another and forming some relative asse

/
the value of landscane veauty. Having decided a route tnere seems

to be & hardeniungz of their atiitude which one may attribute to the

{al

considerable asmount of versonal and nrelinminary engineering elffort

5
required to find a nractical rouvte. The number of alternative routes
over a distance of 30 miles are almost lnF1n1+x and the amount of
effort reqguired to examine every sugsestion put forward, would
proﬁably be beyoﬁd tiie resources of the Board available Tor this

D)

11y problematical if the end result

(7]
—~
=
e

vurnose, and in any event it i
would justify the cqst.

This case study has demonstrated that the Zoard has a very
difficult task in planning the route for an overhead line, and that

whatever it does is most certain to be wrong in the opinion of those

versons riost directly affected by the line. The view is held by a

few veople, that however serious the injury to visual amenity caused

by an overnhead line, it will »rove to be neither irreparable nor
rmanent. An overhead power line simwnly demonstrates the limits of
our nresent technical hnowledge, and it may well he that within the

next 40 to 50 years the present system of generation and transmission
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of electricity will be obsolete, and the thousands cf miniature
2 landscape.

mear from th

Biffel btovers with
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CHAPTZR SEVEN

References
Te See Chapter seven bibliography for the complete list of

documents referred to,

2, ' The Public inquiry was held in the Victoria Hzll Keighley

from 28th June to 7th July, 1966 by Mr. A,T. Baldock, C.Enge., MeI.Z.E.,

2 Senior Ingineering Inspector of the linistry of Power end kr. G.A., Simpson,
M.7,P,I,, Dip. T.P., A.I.L,A,, a Senior Housing and Flanning Inspectcr of
the Ministry of Housing and Local Government,

3. . These involved the crossing of the A6033, and the A58, the crossing

of the proposed Bradford to Flland 275 1V line, close proximity to the

existing Monk Fryston to Rochdale 275 kV line, and spanning the Calder Valley.,
!

L, . Council for the Preservation of Rural England 40th Annual Revort

1966 vage 20 and “ist Revort.1957 page 14,

5 Copy of lectricity Act 1957 Section 37 enclosed as Anpendix G.

6. The society was reoresented by liss Susan Crabtiree a .schoolgirl
at the High School.

7 Dr. Forsyth and Mr. Marshall-Holmes did not give evidence at the
inquiry, but sugrzested several routes in correspondence with the Minister.

8.. The Ramblers Association were represented by Mr, A,J. Poberts, and
Mr., J.B,K, ¥ilson, Chairman of the Yest Riding Area of the Association,

reference #,82/16/i%55 addressed to

9, Letter dated 18th May, 1987,
all Local Authorities concerned and objectors,

10. Regulation made under Section 34 (2) of the Flectricity Act 1957
requiring the details of the provosed route to be published in at least two
newspapers circulating in the locality. '

1M, This route was subsequently referred to s the blue route but in

order to avoid confusion with the original blue route it will be referred
to, aznd shovm on the map as the "dotted blue! route,

A2e The Public inguiry was held in the Marlborough H2ll Halifax from
29th Cctober to 3th Hovember, 1963 by FKr. R.G. Anstee an Zngineering
Inspector of the linistry of Power, and lKr, D.d. Basterbrook anc Trspecter
of the Ministry of liousing end Local Governiiert,

13. Since writing this chapter the inspector's report ref.
EL82/16/A355, dated 26th February 1969 and the Ministers' decision dated
17th July 1969 has been published. The Minister gave consent to the
Board's route.
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PART TRREE: SUBSTATIONS

CHAPTER TIGHT

Substations

Introduction
General description
Sitting Criteria
Land Use
Acguisition Areas
Conclusion
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8.1 Introduction -

, An essential part of any tramemission system are the connections
called substations required at the ends of every overhead line and cable.
It will be appreciated that every power stafion, as they are all cénnected
to the grid system, (1) will have its associated substaticn. This is a
vhysical part of the power station, within the same site boundary and would
therefore logically be considéred with'£he power station complex from the
point of view of siting, land use, and amenity. This thesis-is solely
céncerned with transmission, and therefore it is not proposed to discuss
_power station substations, but the 130 independent substations that
interconnect the supergrid network. The complete list with map feferences

™

is given in Appendii-I. Appen&ix F also schedules the year in which these
supergrid substations were commissioned. It will be observed that in 1960,
"seventeen suﬁstations were connected to the national grid which was more
than the preceeding six, or subsequent four years. 1960 was the peak year
for the 275 kV supergrid, but subsequently many.of theée substations were
extended for 40O kV working. 1966, 67, and 68 were the three bﬁsiest years
for'the commissioning of 400 kV~substations, and it will be readily
appreciated that only a very few substations will need to be built in 1969

and 1970 to complete the supergrid system as envisaged and programmed for

in 1 950.
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8.2 General description

Electricity substations are reguired for two main purposes;

switching

% and transforming. It is necessary to switch circuits to
maintain supplies, to take lines and equipment out of service

for repairs and maintenance, as well as to afford prétection against
the effects of suéh events as accidents, and 1iéﬁtning strikes,
Transforming to higher and lower voltages is required depending upon
the function of.the line the transfecrmer serves, By combining both
these functions on one site the interchange of lines and transformers is
i .i

#aqﬁlitated, but not every substation is designed for both operaztions.

E §witching station need not have transformers; but a transforming station
must have the abiiity to connect and diéconnect the transformers and if
necessary to bypass then,

There are numerous electrical layouts for substztions, but the

common essential feature is that every circuit entering the substation

will comprise two or more separate compounds for each voltage. The
Generating Board operates at transmission voltages of 132 kV 275 kV and

LOO kV and transforming takes place only between those #oltages. The
“electrical conductor is carried across a substation suspended from a

string of insulators fixed to concrete frames in the case of 132 and 275 kV
substations, or from 70 feet high steel gantries in the case of 400 kV
'substations. The rows of steel gentries vrobably form the most visually
doninant feature of tﬁese substations. In an attempt to reduce the

height and obstrusiveness of these structures the Board has developed
another arrangement whereby instead of the cenductor being hung from a

supporting structure, the conductor itself is made rigid and self supporting.
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This has been achieved by means- of aluminium bridge of three tubes to form
a triasngular cross section., The photographs prepared by the Board
illusirates the considerable visual improvemenrt the new design achieves (2).

In other parts of the substation the conductor is fixed to the

r

tor cf a stack of rigid insulators .mounted on a concrete post, All the

electrical equipment iz arranged at sufficient height for a person

to walk tkreough a live substation in comvlete safety. Tne substaticn is

surfaced with shingle or granite chippings and the whole area enclesed

with an @ ft. high steel security fence. The general feeling of size,

the lack of any familiar objects with which to relate size, tends to

Q=
\_-_g-l .

n

'leéve one with an impression that the supergrid substations are massive,
inhuman, and sterile creations, and to find a site of 30 acres to be

occupizd by such equipment in a manner acceptable to the public presents

a serious and difficult oproblem for the Board. ¥ully to appreciate these
difficulties it is necessary to examine the electrical and civil requirements

that prescribe the choice of a substation site.

8.3 Siting criteria

There are many factors that influence the choice éf a site for
a substation. Tirstly there is the requirement of the national system
that a substation is required for some purpose of switching or transforming,
whicﬁ points to a general geographical location. This is more precisely
defined by the local electrical reguirements, which may be further
modified by the physical site conditions., These considerations are
further influenced by a recognition of the existing use of a proposed site
and the effects that a lérge engineering construction would have in a
particular locality. All these facotrs will need to be examined in order

to appreciate how the electrical requirement for a substation is influenced

by aspects of land use and amenity.
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-The focus of search

The general location of a substation is initially determined
by the f quirements of the national rattern of gencration and transmission,
It may be recuired to reinforce an existing substafion caused by an
increasing elecirical demand from an urban area, or be near to an
existing or planned source of generation that requires a connection to
-uhe Supergrid networke The area of search may be determined by the
facility to provide switching at the intersection between existing and
plapned high voltage routes or to be near a confluence of existing high
%nqilow voltage lines which could be diverted into the new substation with
a %inimum of new line construction. Not all of these reguirements will
pély,.and their relative importance will vary according to the cilrcumstances
of any specific site,
Electrical requirements

The focus of search having been defined by the needs of the system,
it is implicit that the nearer the proposed site is to the focus of search
the more cconomic is the development of the substation, because the comnectiion
to the existing network are kept short. The cost of a 400 kV overhead line
s £65,000 per mile so it maybe readiiy appreciated that any movemént oway
from the optimum electrical position would incur a large cost venalty.

At a recent public enquiry it was given in evidence that to move
a site from the optimum electrical position to another two and a half miles
away would involve a cost penalty of £680,000. This additional cost was
viftually entirely due to the extent of the secondary connections to the
substation,'and reflected the sensitivity of such movement. To move to

another suggested site six miles away wculd have involved an.additional cost

of £2,300,00. (3)
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A substation site should be large enough to permit both the initial

and any futu 1re artlclnuted develonnent of the substation, on the basis of

the most economic form of outdoor construction, If insufficient land is
: )
|

available increased costs may occur by the necessity of ha ing to build

a morq compact enclosed substation, or by preventing future extensions

n .

o find another substation site in the same

SN
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This may result
general arca at some later date with fhe consequent additional cost of
interconnections,

The choice of site should vermit the higher voltage lines fo be
taken dire&tly into the switching utation, thus avoiding the cost of cabled
entries at these higher voltages, Tor this reason, the Board usumlly

i

iﬁéludes & strip of land cutside the main dte works fence as a "tower reserve"
Cﬁce'the towers have been erected in this reserve, the land between the
towers and the substation can generally be made available for tree screening
or agriculﬁural PUrPOSEeS.

If a substation is to be connected into an existing lins it is
usually sited immediately alongside, so that the turning in of the ling
may be easily accomplished, A site directly oeqcath existing high voltasge
lines would reduire the line to be temporarily diverted to permit the
construction of the substation, which would inveolve extra costs that the
Board would obviously prefer to avoid, In the case vhere two lires cross,
the preferred site would be in one of the quadrants near to the intersection,
to enable the substation to be built without interruption to the omneration
of the existing circuits. These can then be simply and quickly connected
to the substation at minimum cost.

In areas liable to heavy indust;ial pollution or sea spray, there
is a danger of electrical flash~over due to contamination of the insulators.
Ynere this type of environment cannot be avoided an indoorlsubstafion is

usually built, involving additional construction costs. (k&)
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Civil requirements

If the site is not large enough to accommodate all the electrical

nd arrangements

\.’)

equiptient in the standard form of layout, special desi

l

nay be required which would involve increased civil costs, The electrical
equip%ent is best suited for a level site but nay be.modified to suit
gradients up to 1 in 80 in one direction only. A site on steeply sleping or
undulating ground weuld require considerable sartih moving. 4 rather extreme

example occurvea at Wymondley in Hertfordshire where it became necessary

to.move over 600,000 cubic yards of material to obtain the necessary
I

minimum slore. (5) Civil costs zre greatly increased if an egual cut
|

and fill operation is not vossible, and material has to be brought into,

or taken from thc site to achieve the recuired formation level,

Substations have been built on practically every tyne of soil
frcom rock to boz, land liable to subsidence, and flooded disused clay and

gravel pits. The civil enginreer would prefer to avoid sites with such

poor ground conditions because of the extra cost in ﬂonstzuctwno special
founcdations to carry very heavy loade, particularly those carrying
transformers which can weigh up to 300 tons.

A substation must be free from the possibility of Tflooding so

uld jeo p c¢ize the electrical supnly to a

far as posazible; as floodin

(

Jarge area at a time when electricity would be particularly necessary to
run essential services. If however there is the remotest possibility of
flooding the Bozrd is always prepared to iﬁcur the extra cost of raising
the level of the substation by filling the whole of the site. To raise
a 70 acre site by six feet could easily cost anything between 375,000

and £200,000 depending upon the availability of suitable fill material. (6)
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Access to a substa£ion is required from an existing classified road
" to pegmit the paszage of heavy indivisable transformer loads of ué to 250
tons.; The access will need to be sot less than 18" 6" wide and with a height
clearance of 18' 9", These aré_rather stringent requirements,. and the
selection of possible sites is sometimes influenced by the Board's desire to
eliﬁinate the costs of strengthening bridges, widening.roads, easing corners,
and the minimum length of new road required to the site. (7)
Consideration of ownership

The Board .has cn its staff, land surveyors and valuers to negotiate

1
the purchaée'of land, and therefore readily recognise the effect that the
a%éuisiticn of LO acres or sc may have on the operation of a farming unit.
The Board endeavours so far as possible-to buy land in one ownership, instead
of affecting several ownerships, and particularly an ag?icultural unit where
the loss of the acreage the Board required would not affect the viability of
the farm. If the loss of acreage means that the remaining acreage is nc
longer a commercial proposition, then the Board is usually prepared to purchase
the whole holding, and resell the land surplus to its requirements to
adjoining landowners. The Board says that it tries to adopt a constructive
attit;de to the selection of a substation site that will affect the least
number of people to the minimum degree. It is recognised_that the cost of
land purchase and compensation is small in comparison to the costs likely
to be incurre&_by any alteration from the optimum electrical and civil
requirements.

The Board however is reluctant to acquire land compulsorily, (&)
and there is a temptation for a substation site to be determined because
there is a willing vendor with an adequate area of land. This is most

likely to occur in an area of protected land, designated a Green Belt or

Outstanding Natural Beauty, when the existing value of the land is agricultural
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The landowner knows that the planning authority would not permit any
other form of development and a substation would enhance the land value
only in the case of a sale to the Board. It iz thought that there have
been several instances where the Board have incurred increased costs for
the development of a substation, by not going to the ovtimum electrical
position vecause of acquisition difficulties, or By rurchasing from a
willing vendor at a mors expensive alternative.
Amenity considerations

The Beard is statutorily obliged to take in zccount the effect

1

that its operations have on amenity, (9) but is also concerned because

the Local Flanning futhority from vhom planning permission is reauired

L) . A

be narticulerly awvare of this aspeet. It is therefore in the Beoardtls

-

/il

-

1

nterest toc consider the affect a preposed substation will have on amenity

(R

ron the very outset, A substation vresents a visual inpression of

=y

industrialisation, and of all the forms of land use an-industrial area wouvld
.seem to be the most avpropriate., The Board therefore tends to choose, and
is often encouraged to select a site in an area of ex ist;q* or -nlanned
industrial development, or where it would be visuzlly compatible wi
surroundings. There are however certain town planning difficulties resulting
from this presumption which will be discussed later in this chapter,

The gzeneral consensus of ovinion seems to be that the best site
for a substation from a visual amenity point of view is one that affords
the maximum sereening, The public doe=s not regaird a substation as
contr:;.:)t,\t‘,z.h(> anything to the visual scene, and consequently such constructions
are -best hidden. 3Sites that avoid the substation sructures appearing §n
the skyline, and those that take advantage of the natural land contours,

are preferred. Conversely the Board tries to avoid sites that may be

.overlooked from points of public access, or tliose close to residential areas.
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Iﬁ rural areas sites that tske advantage of existing tree plaﬁtations,
hedgerows, and woodlands to provide immediate and effeciiveé screening tend
to be favoured. A particularliy successful example of this is the substation
at Ninfield in Bussex vhich is situated at the head of a shallow valley,

and is well screened by thz surrouding woodlands, In this instance hardly

any trec lopping or felling was required for the line entries as they were

routed carefully through the gaps between the woods to the north and north

N

west of ?ﬁ{ substation. However, when such tree screening is not presant

the Board usually offers, and is requested to carry out screen planting.

iy . _ . . s
The extert of ihis work is considered in a later chapter,

Occasionally 2 primary substation is established adjoining a lower
voltage substation, because of the considerable economic and elecirical
advantages to be gainéd, but which often resulits ir some amenity detriment.
An existing substation represents a conziderable iavestment and if a new
substation is required the advantages of easy connecticn betweeﬁ them and
the advantages of utilizing the existing overhead lines are ntvious, Sundon
éubstation situated adjoining the west side of the H.1. abeut 3% miies north
of Dunstable is a typical example. In the beginning and a lons time before
the nmotorway was built a small 33 kV substaéion was established reqﬁiring
about a third of an acre of land. A 66 kV substation soon followed, which was
 further extended to 132 kV. In about 1963 a temporary 275 kV substation was
commi.ssioned, 'This large extended substation is readily visible throughout
its whole lenzth from the motorway, and is tacitly recognised by the Board
as constituting one of its worst affronts to visual amenity., The earliest
substations at 33 and €6 kV were quite well sited and even the 152 kV
development before the advent of the motorway was probably fairly accepiatle.
The éstablishment of the low voltage substation made the location of the

supergrid substations almost inevitable. The air photograph clearly shows

-
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Please turn over for:-

Map 36. Showing the location of Ninfield substation in East Sussex.
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Please turn over for:-

Map 38 showing location of Sundon substation adjoining the M.I motorway
from which it is very conspicuous. The motorway was built after the

establishment of the substation, and demonstrated that future development
should be borne in mind when proposed substation sites are being considered.
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the growth of Sundon substation, which illustrate$ how the cépital invested
in a site becomes.the overriding factor determing the location of large voltzge
substations, even though the initial capitgl nay bhe small in respect to
the subsequent developments, A similar situvation js shown in the air
photograph of Northfleet substation adjoining the A2(M).
Local Planning Authorities when asked to approve sites for
proposed substations, even if well sited and screered, would be wise to
view the possibility of the substation being extended or even rebailt
tola higher voltage. They should conzider Qhether the sclected site
~would still be acceptable under such circumstances and act accordingly.
The case of Sundon which is only typical of several others (10} should
be a.warning to alert Planning Authorities to.this posaibility.
Consideration of associated overhead lines
It is generally recognised that the worsi visual aspect of a
substation is the concentration of overhead lines, converging on to a

substation, This suggestis that the Board should study the routes of

entries to a vroposed substztion site in crder teo

<$
-
.
31
o

all the futur

assess its likely impact on amenity. This may indicate that a substation

site less favourably concealed may have an overall amenity advantage,

because the visual offence of the line entries is less. Nearness to the
/

focus of search will reduce the length of overhead line connections which

in itself is a considerable amenity advantage. It will be readily
anpreciated that there is considerable room for differences of opinion
vhen a fairly open substation site has the advantages of short connections

with a cost saving, over an alternative site well screened, but recuiring
1 9 o

extended connections, even if such conncctions are not conspicuous,.
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Reduction of acoustic interference -
A substation generates a certain degree of noise which derives

nainly from the operation of transformers and circuit breakers. Transiorners

’
emit a low hum, and circuit breakers when operated malte a very larpe crack

accompanied by a deep thud, This noise is sufficient to cause an

T

unsuspecting rerson nearby to jump with surprise, and alarm. rese loud

bangs can be very disturbing to local residents, although animals seem to
becone accustomed to the noise., There are however occasionally excextions

wvhen the Board has been nresented with a claim for the loss of farm

animals that have aborted as a consequence of the oneration of 400 kV circuit
il '

H ' . . ot g
breakers. Transformers can be enclosed, and circuit breskers can be Titied

yith ruffs, or ar alternative design used that substantially reduces noise,
but all these ways of ameliorating the noise nuisance represents an
additional cost to the substation. Yhether or not action is taken by the

Board to reduce noise, there is a tendency to site a substation as far

awvay as possible from any dwelling,

foe)
S

Land use

An attempt has been made to see if there is any underlying
princivle or policy of the Generating Board that is discernible in the
selection of substation sites. A survey of all 40C kV and 275 kV switching
and transformer sites in Ingland and Vales was made to establish the former
use of the substation site before éonstruction, and the Local Planning
Authorities provosal for the use of such land indicated on their Develomment
Plans. & total of 128 substation sites were investigated (11) and the
results are set out in Tables 6 and 7.
It is appreciated that it would be difficult to find a site of

about 30 acres in an urban area, so that it is not surprising that the

majority of substation sites are on agricultural land, which is reflected by



Former Land Use

Aagricultural
Allotments
Derelict .
Disused pits
Disused power station sites
Foreshore
Heath land
Industrial
Refuse tip
Residential
Water meadovs
vYloodlands
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No. of sites

~J
+-

-
VTV a5

Table 6. Former land use of primary substation sites.

Development Plan Zoning

White land

Industrial )

Area for deposit of Waste Materials
Sewage disposal

Gravel extraction

Clay working

Chalk extraction

Mineral workings

Residential

Public Open Space

Ministry of Supply ILand

Wlar Department Land

Water Wworks

Surface winning of ccal

ILand drainage - washlands
Statutory allotments

Green Belt

Area of Outstanding Natural Zeauty
Lee Valley Regicnal Park

No. of sites

&4
12

\N
NaoOaNNNaaasawhasaapnpn -

Table 7. Development Plan zoning of primary substation sites.
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the Local Authority's Development Plan zoning of white land (12).
Agricultural land is easy and relatively cheap to acquiré and is usually
fairly economical to develep, The fact that 26 of thesc rural sites

i
are iﬁ Crecn Belts seems to have presented very little difficulty to
the Board, Of the eleven primary substation sites that have been the
subject of a public inqﬁiry, (13) eight were either in a Creen Belt or
provosed Green Belt., The Local Authority's objection may not have been

rrincinally tecause the substation wes sited in an area of protected

w =

1en.d but qevcrtnelpss in every case the Minister of Housing and Local

(4]

Government . allowed the anpeal, and permitted the development,

;/ One such appeal concerned a prorvosad substation site at Beriswel
i
situated four and a half miles to the sout west of Coventry which was

refused by the Harwickshire County Council for the reason that:-

'The proposed site, although lying within a rural erea
forms part of the pronosed Green Belt arcund Coventry,
is also in close proxzimity to residential develomment,
It is considered that an electricity sub-station of the
size proposed with the mass of larze external egquivment,
togetner witn the numerous and very nigh pylons, would.
be injurious to the amenities of the area and could a2lso
cause a nuisance to residents in the lscality“. (14)

FollOJln; a public inquiry (15) the Inspector wrote:- (16)

T do not believe that making an exception to green beli
policy here, for a »ublic service develooment of a kind
that frecuently has to go on green belt land, need make
it difficult to refuse geqera1 develooment., Horeover in
this particular situation it is further residential
develovnnient tiat is most likely to need resisting, and
the proximity of ar electricity sub-station might well
Jessen that pressure'. The Finister accepted this view
and allowed the substation (17).

A similar'case occurred when the Board proncsed to build a
substation site at Mop End near Amersham in Buckinghamshire. The site
is situated within an Area of Great Landscape Value, and is included
within the propcsed extension to the Metropolitan and Local Green Belt,

and is also within the Chilterns Area of Outstanding Natural Beauty,.
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The Local Authority objected mainly on the grounds that a substation
should not be vermitted in such protected areas and pressed their
objeétion to a public inguiry. The Inspecfor in his report said that

g
he céme to the conclusicn that the proposed substation constituted very
special circumstances, and as such the development could be considered

'
within a Green Belt or Area of Outstanding Natural Beauty (18).

As previously mentioned one may assume that the most aypropriate

location to site a substation from the point of view of land use, would

fe in an érea_zoned Ly the Local Planﬁing Authority for some ferm of
industriai use. Only twelve instances of this occuring have been recorded
Eﬁt when it does it usually meets with universal approbation., There has

']

ﬁeen.howeven one instance vwhen sucii a proposal was rigorously opposed by
ﬁhe Local Planning Authority (19). This happened in the case of Birkenhead
substation vhen the Board had selected a disused brickwofké site which
had been rezoned for ilight industrial use, The Local Planning Authority
agreed that a substation of the sort proposed would fall within the
definition oi light industry and conform with thes vropesed zoning of the
site, but as there was a shortage of industrial land within the Borough
the use of this land for a substation would deprive the Borough of the
opportunity to relocate non conforming industrial users, whareas a substation
could well be sited on the nearby agricultural land.

Following the recommendations of the Inspector in his report,
(20) the iHinister in his decision letter, (21) said that he was of the opinion
that théfé were no substantive grounds for withholding permission for the
develonment of this brickworks site for the purposes of a substation., The
Birkenhead area had been carefully investigated by the Central Electricity
Generating Board for possible alternatives sites and at every stage there

had been full ccnsultation with the local planning authority. The Minister



was in no doubt that the appzal site was the best one available in the
area. Tor the nurwose, and he said it wes clear from the local planning
aunthority's approach to the matter that their sole an viety was that
their- wishes regarding the furthér alloc%tion of industrial land in the
borough would be endangered by the taking of this one area on which they.
thougnt they could rely, He added that the question of industrizl land
requirements was under consideration and that even if there were shown to
be a need for further industrial land, as well as the proven need for
lanc for a subs+at10n, then the search for suitable land for indusirial

.‘ '
ﬁurboses would have to continue. He was fully satisfied that the erection
of ‘@ substation on the appezl site was an approvriate use for the land,
aving regard to its location in the existing grid syster and its unioque

apacity for a use vhich was normally so difficult to fit into I

e
1.
o
;.
[os]
[¢)

Jlandscape. In his opinion it would be easier, should it prove necessary,
to find other land more amenable to light industrial develorment than it
would be to find a suitable alternative site for this large substation.

the sppzal be allowed.

&

He recommended tha

There has been a tendency for local authorities to encouraze

@]
e
ct
1)

the Board tc develop sites which rzquired such difficult and exvensive s
works that no private develover, or the authority would consider. The
considerable resources of the Eoara and the high capital investment in a
substation site, with a readily obtalned planning vpermission has versuaded

the Board to undertake such difficult sites. Canterbury substation was

built on wet gravel pits that had to be filled, Oldbury substation is zited
on a former 50 foot deen flooded clay pit; and the substation at South
Hanchester required the removal of many thousands of cubic vards of hcusehold
and'industrial refuse. Table 6 shows that abbut.20 sites were developed

by the Board that were unlikely to have been developed by anybody else,

To this extent the extra costs the Board has borne to use these 'difficulti

sites could be rejarded as a contribution to the redevelopment of otherwise
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derelict areas., Tor instance in order to fill the 50 foot deep pit
at Oldbury substation the Doard almost completely removed a nearby la
tip gf industiial waste, and in conseguence two areas of about 30 acres
cf ipdustrial dereliétion-were reclaimed, in one case as a substation,
ana in the other for factories. Oldbury is perhaps the only case on
record where it may be said that the construction of a substation has
actually improved the visual scene,

In the Greater London area sbout the only land available to the

Board for thes ceonstruction of new substation is on land they already owm,

and several of the older and smaller power station sites have been
H . . . o . .
redeveloned as substations. An outdoor substation resquires more land for
the same electrical benefit than an enCIODed substation and because of the
high land values in Landon and the limitations of site size there is a
tendency to cram on to every available electrical site as much enclesed
eouipment as the Plonning Authority will permit (22)

Vloodlands because they afford a ready made screen to the substation
tend to be favoured by the Board as a substation site and also to some
degree by planning auvthorities, A typical example is at Bramley just
north of Basingstcke in Hampshire where the whole wood of 90 acres was

The

purchased to orovide screening for the 30 acres of the substation.
Generating Board regards this as the perfect substation site. (23) Fleet
substation in Hampshire has also been illustrated by the Board to suggest

the ideal substation siting for perfect screening. (24) A substation

9,

has also been established in EHilcot Yood at Seven Sprinzs, Gloucestershire,
lines still have to be brought into the subs»aulon, and unless care is
taken some of the advantaze of woodland screening may be lost. (25)

8.5 Acquisition Areas

A 132 kV subztation will require betweeﬁ 5~7 acres, a 275 kV

substation 10-15 acres, and a 400 kV substation up to about 30 acres.
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This is the nett area OL.Uhe enclosed compound and this area is increased
depending upon the length of access road, land reguired for groun&
modelling, tree planting as well as any iaud used for the terminal tovers
and cables, |

/n attempt has been mzde to find out the actual area of land

acquired for primary oubs ation sites but this haS'presented some difficulties

heir total acouisition area is includad

-

(26) A schedule of substations, and {
in Appendix J,

A combined 275/400 kV substation of which there are nearly a 100

infEngland and Yales would reguire 6n.average'about 0 acres of lend., As

a national policy the Board endeavours to keep the amount of land it
purchases to the miﬁimum in order that, the smallest zmount of land would

be taken cut of beneficial agricultural use. It does .sometimes hapren

that a landowner asks the Board not %o purchase just that part of the land
they require, but to take all the holdiﬁg in order that he may move elsewhere
and start farming again. The writer knows of no case when the Board has

refused this request,

The majority of planning permissions for substations impose a

ondition reguiring landscaping, and the extent of land for this purpose
can vary conziderably, The Board seems to be anxious not to exercise its

statutory power to acguire land compulsorily but has done so in at least
four cases. (27) %hen a compulsory purchase order is proposed there

seems te be a tendency to reduce the area of land for landscaping. There

is no doubt that cémpulsory povers nay be exgrcised,_both fer the site
of.the actual substation, as well as for any land that may be required for
land:ca;ing. In the former case however, the area required ray be »recisely
calculated on the basis of the equipment it has to contain. In -the lat£er
case the need for landscaping; and its extent is a subjective matter which
nay vary greatly -depending whether one is the objecting lendowner, the

oard, the Local Planning Authority, a nearby resident, or the Local Amenity
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Society, For the Board to determine the minium area to purchase
compulsorily is a matter of fine judmement between all these often
cenflicting interests,

A recent C.P;é; case concerned a pronosed substation site at
Mop Bnd near Amersham, Buckinghamshire. (28) In the first instance
the Board wished to acquire about 108 acres in order to carry out extensivé
grovnd modelling to screen the substation; after which the larger part of
the land would have been reinstated and returned to the former owner. The
landowmer who strongly objected to the proposed substation reinforced his
'obJectlon by opposing the purchase of such a large area of land, This
view was upheld by local residents, The Council for the Preservation of
Rural Fngland and the National Trust, énd the Board felt obliged therefore

to reduce the extent of the landscaping originally vroposed so that the

s

amended site came to 53 acres. This was nade up as follows:-

40O and 132 kV comuounds 23 acres
Earthwork emnankments, tower and

cable reserves zand access read, 16 acres
ILrea required for landscaping 14 acres

An average size 275/L00 kV substation occupying 50 acres of land
would cost about #3.5m which represents a capital investnent of £70,000
per acre, This figure would be increased to over £100,000 per acre in
respect pf the land occupied by electrical equipment. This high capital
investment is not always appreciated, and the-Board in its desire not
use its compulsory powers has sometimes incurred considerable extira expense.
In 1964 the Board was in consultation with the planning committee
of Manchester and Sale for permission to construct a 275/132 kV-transformins

station. The Board had prepared several alternative layouts of the

broposed substation which had been submitted to the respective planning



250.

Comuittees, but they were all subject to objection for the reason that
the substation would encroach on an area occupied by piggery small

5. The planning comnittees stated that such an encroachment. would:

e
o]
e
[o N

&

he livelihood of the smallholders, and therefore the Board should

der some other arranvenent sc as tec avoid this disturbance., The

o
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only way the Board was able to reduce the overall length of the substation
and avoid this objection was by installing a cable tunnel between the
132 kV and 275 kV commounds instead of laying them direcf inte the ground.

(29) This enabled the substation length to be reduced by L5 feet which

wads,

was sufficient to enable the planning committee to grent permission. The

ztra cost to the Board uhlch must be measured in many tens of thousands
of 50Lnds seems to be a very high vrice to pay for the retention of a
few Teet of a piggery smgllholding.
‘8.6I Conclusion

The Board has built, or is'iq-%he process of building about 130
primary super d 275 kV and 400 kV substaticns, which would have involved
the acquisition of anprOY1.ately 5,000 acres of land. OCf this area, over

nolf of it wounld be coyered witﬁ granite chippings, gravel, and elecirical
equipsient, and devoid of any form of vegetation., Steel structures upr to
70. feet high: and a mass of other eaquinment, malie these substations very
aiffi u]t to fit into either urban or rural areas, and the general opinicn
seens to be to try and screen them b& setting the substation at a lower
level and creating earth banks and tree planting. The development by the
Board of an electrical arrang emﬁnt that reduces the overall heicht of a
substaéion s been welcomed by Local Flanninz Authorities and Amenity
Societies, but so far as is known only tﬁo substations out of about

will be built to this new design. It is a metter of regret that the

ot

revised desizn which is such a visual improvement should have arrived so

late in the supergrid construction programme. It is thought that probably
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not more than a dozen substations will eventually be built to this
improved design.

There seems littie deubt that the slectrical requirements for
the siting of substations are the dominant factors, on the grounds of
economy.' The cost of the electrical equivment, and overhead lines
dictate feairly precisely the optimum economic loca£ion. Any extra costs

of land acqui

4]

ition, additional civil works, because of extended access

roads or poor soil conditions, or landscape treatment; incurred at the
optinum electrical site would be easily exceeded by even a modest
moyement avay Ifrom the optimum électrical nosition.

f The Seard generally seems to show little practical regard to
eéther land use, to Green 3elts or other forms of orotected land, although
a few exceptions have been mentioned i; this chapter.

The.fact is, that all but eleven out of approximately 130 sites
: ;

obtained planning verizission from the Local flanning Authority. The

remaining eleven sites went to public inquiry which were subsequently

ct

allowed by the iHinister, This tends to confirm that the Zoard is probably

right in their policy cf the simple and direct ecomcmical zpuroach to
the problem of substation siting.

In recognising that the Board ig acting in accord with the
statutory requirement to provide 'an economic supply' one may feel that

the evidence suggests that their equal statutory duty to pay regard to

anenity shows only a partially successful approach.
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CHAPTER BIGHT

References
1. There are a few very minor exceptions to this general statement

which will be apparent on referring to the ijap in the pocket at the end

of this volume, These exceptions are the small hydro stations at Chagford,
lHarytavy and HMorwellham in Devon, a total generating capacity of only 5 MW.
It is understood that they are all scheduled for closing down ir the near
future.
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at a public inquiry into a proposed substation site at Mop End near

Amersham. Only a prototype aluminium bridge structure had been built at

this time and the lower photograph is a montage based on the other phetogravh
but altered to give an artists impression of the visual effect of the new
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there is little doubt that the 42 ft. high aluminium structure will be a
considerable improvement visually over the 70 ft. high steel gantries. 3o

far as is know the only places that the new design will be used is at Mop
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Mr. W.L.M, Freach, Deputy Chief ungineering Inspector Hinistry of [Power
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Se . Daily Telegraph 29.9.65.
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but the additional cost of this work is not known.

7e New access roads of a oudrter mile long are fairly frequent;

an access road of just under a mile to Cowley substation, and a mile and a
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of enabling the delivery of transformers is not known, but scme work is
probably required at every substation site,

8. Only four instances are known of the Board exercising its powers
of Compulsory Purchase for a primary suostation olte. These were at Feckenhan
Viymondley, Berkswell and Mop Znd.

9. The Electricity Act 1957 bection 37 obliges the Board to pay due
regard to amenity, the full text is included as Appendix G. This requirement
has recently been extended to 2ll statutory authorities in 3ection 11 of the
Countryside Act 1968, the full text being included as Appendix H.
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10, Other supergrid substations whose locations have been largely’
determined by the presence of a small existing substation are at Elstree
in Hertfordsnire, Penwortham in Lancashire, West Boldon in Durham and
Wymondley in Hertfordshire.

11. The complete list is included as Appendix I.

12. "White land is defined as "land for which the existing use should
for the most part remain undisturbed'.

13. ‘These were:~ Feckenham, Mill Hill, Pentir, Osbaldwick, 3Bredbury,
Legacy, Birkenhead, Wymondley, Chickerell, Burton Green (now renamed Berkswell)
and top End.

1k, '~ Refusal by Warwickshire Couaty Council Application No. 17980 dated
8th September,; 1965.

P

!liﬁ The inquiry was held at Coleshill 12th, 13th, 18th and 19th

. October, 1966.

16, Report by Mr. Charles Johnscr FRICS. Inspector iiristry of Housing
and Local Government reference 224%/A/8659 dated 12th December, 1966, Fage 13,
para. 9l.

17. Minister of Housing and Local Government decision letter reference
PLL/APP/2243/A/8659 dated 22nd June, 1967.

18. . Report dated November, 1967 by Mr. A.G. Harcourt Senior Inspector
Ministry of Housing and Loczl Government following a puoblic inquiry at
hmersham from 22nd to 3lst August, 1967. Page 15, para. 71(i). The Minister's
decision is not known at the present time,

19. This resulted in a public inquiry which was held at Birkenhead on
29th October, 1964,

20, . Report by Mr. A.Z. Rochard - Thomas, A.R.I.C.3., M.T.P.I.,
Inspector Ministry of Housing and Local Govermment reference APP/85k/A/83516
dated 27th November, 1964,

21, Decision letter from Minister of Housing and Local Government
reference APP/354/4/83516 dated 29th December, 1964 and fully reported in
Birkenhead News2nd January, 1965.

22, Examples of enclosed substations in the Greater London area are at
Wimbledon, Hackney, St. John's Yood and @illesden.

23. Span September 1967, Fage 5 and Span December, 1968, Page ‘1l.
This substation is due to be commissioned in July, 1969.

2k, Pattern of Power - C.%.G.3. publication 1963, also Electricity
and the Land - C.%.3.B. publication 1962,
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25. See photogravh 20 for the case at Cowley substation where tree
felling for an overhead line entry into the substation destroyed the remaining
peripheral tree screen of the wood.

i .
26. f Very few supergrid substation sites are yet shown on large scale
ordnance mays, end there is no published source that provides this information
except :in the very few cases of an Inspectors repvort following a public
inguiry. All other areas were obtained by a personal inspection, the boundaries
transferred to a 1 : 2500 ordnance sheet, and the area calculated. It is readily
acknowledged that this method may not be absolutely accurate, but is considered
adeguate for the purvose of this chapter.

- 27, These were at Feckenham, wymondley, Berkswell and Mop End.
28, Report dated 30th November, 1967 reference £L72/16/A35 by

Mr. ¥.,L.M. French. Op.cit.

29, The technical details of the construction of this cable tunnel are

W e . .. v . - . ~ . . . .
explained in zn article, EIxperiments on Detection of Insulating Oil Fires in
a Cable Tunnel by K. Reed and P.3. King. Span June 1968,
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CHAPTER NINKE

Cese Study - A Substation in South Buckinghamshire

[t

Introduction

The case for the Generating Board

The case for the Objectors

The Inspectors! conclusions

Purther investigation of alternative sites
The inquiry re-opened

Conclusions
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9.1 Introduction

The previous chapter dealt with the main considerations influencing
the selection of a site for a large electricity substation and it would be an

interesting study to see how far these considerations are valid, and the

wegght given to them in a specific situation.

There are difficulties in selecting a substation for the purpose of
examining the various factors that led to its location, becasue one cannot be
sure tha£ it would be typical; and the tendency would be to choose one that
had some exaggerated features. Nevertheless if the site selected for detailed
examination has been well documented, it at least presents the oppoftunity of
extracting mere reliable facts upon which to draw some conclusions.

One such site was the subject of a proposal by the Generating Board
to estsblish a 400/132 kV.substation at a hamlet called H&p End, near Amershanm
in South Buckinghamshire. The site the Board selected was vigorously opposed,
which resulted in two public inquiries and much press comrent., This case
was particularly interesting es the proposed site was situated in an area of

outstanding Natural Beauty, and the costs of alternative sites was much

Note:~ Map 50, an extract from 1" 0.5. Sheets 159 and 160 has been included
at the end of this chapter. The map has been so arranged that it may
be left unfolded during the reading of this chapter which may be
helpful in identifying the location of the several sites referred to.
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debated., The guestion of what value to put upon beautiful landscape wes

- argued most elogquently as well as the electrical justification for the need
for a substation. It is thought therefore that the éase of Mop End is worth
e careful study. (1)

G.2 The Case for the Generating Boerd

Sometime in 1964 the Generating Board decided that it required a
substation site in South Buckinghamshire to obtain a major source of power
from the supergrid in order to reinforce electricity supplies in that area.

| The Board's system design enéineer initiated the search for a
substation by defining the objectives that the proposed new substation was
to achieve, He has said in evidence that the substation should be suitably
located to take the electrical demand iémediately off of the fhree éxisting
132 kV transmission lines vhich run to High Wycombg, Loudwater, and to Iver.
_This was to be achieved with a minimum of new 132 kV overhead lines or cables,
The major centres of demand are concentratéd in the Chesham - Amersham, and
High VWycombe -~ Beaconsfield arees. (2) The substation was required to be
locatéd between these towns in order that future transmission connections
could be made with minimum cost and effect on ameﬁity.. The substation
should also be located in a position which enabled the greatest use to made
of the existing lines and should be located as near as possible to the
existing 400 kv line route, to avoid the need for additional 400 kV lines
in the area. |

The substation should if possible be sited where it could be effect-
ively screened by landscaping and whére the overall impact on eamenity of
substation and associated transmission lines were kept to a minimum, It was
also necessary to have in mind thé possibility of a new 400 kV transmission
line between Cowley and North West London, and its connection to its

existing 400 kV line, (3) shown diagrammatically on Map 48.
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The Board®'s engineer said that the search for a substation site with
these technical requirerents would logically start where the 400'kV East
Croydon to Iver line crosses the 132 kV Cowley to Iver line, and the Board's
Officers have said that they reaélised from the outset that it would be
extremely difficult if not impossible to find a site which did not have some
effect on ameniiy and cause offence, because the optimum electrical location
was within the proposed Chilterns Area of Outstanding Natural Beauty. (4)

The Board investigated seven sites (5) and from considerations
of visual amenity and possibility of concéalment in association with the
évefhead lines they preferred a location at Mop End with a practical
;lﬁ;rnative at Owlsears Wood. The Board had discussed all these alternatives
wifh,officers of the County Council and the Rural District Council and had
gained the impressgion that the Mop End site was also preferred by them as the
least objectionable.

On 1sf Avgust, 1966 an outline planning application was made to
Amersham R.D.C., for the Mop End site, situated on the north side of the
Rough Park, which would have involved the purchase of about 110 acres of
land. (6) This large area of land for a 30 acre substation'was proposed
in order to carry out extensive earth works to provide immediate physical
screening of the site from all directions. It has been intended that the
greater part of this land would have been returned to agficultural use for
arable or grazing soon after the completion of the ground modelling. There
was however considerable 6bjection to this iroposal because of the large
area of land involved. At fhe request of the Buckinghamshire Branch of
the C.P.R.E, 2 meeting was held with the local residents at Mop End,
representatives of the landowner, the C.P.R.E. and the National Trust,
Preference was expressed for a revised proposal to take greater advantage
of the adjoining woodlands. This resulted in an overall proposal which
reduced the acquisifion area to about 53 acres, made up of 43 acres of

woodland, 9 acres of arable and about 1 acre of pasture. (7)
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Following this amended proposal for HMop End, discussions and
consultations took place with the County and Area Planning Officers, the .
Clerk and Surveyor of Amersham R.D.C. the C.P.R,E., the Forestry Commission,
County Surveyor, Agents for the landowner, as well as interested local
residents at lMop End. The Board also arranged a visit to-a sinmilar substation,
and they have said that all observations and suggesfions made at those meetings
were noted, and where practicable incorporated in their amended proposal which
was submitted for planning permission.

i } .
Following these consultations the Chiltern Society wrote to the
Board t=
"We fully recognise the great-care with which the
Central Electricity Generating Board have sought a
site vhich will be ag inoffensive as possible,- It
may well prove to be the case that lMop End is the
right place for the substation." (8)

"As Mop End is within the Chiltern's A.0.N.B. the National Parks
Commission were formally consulted and in their reply to the Board said:-
"Je think the Commissgion would take the view that it
would be difficult to find a less obtrusive site for

this substation than the one proposed and, although

the 400 kV line itself cannot be concealed, the sub-

station will have the least damaging effect on the

landscape that is possible. It is to be hoped, however,

that in order to ensure that the fullest benefit is

obtained from the existing woodlands, the amount of

tree felling .is kept to the minimum that is essential."(9)

Despite these consultations and observations the Amersham Rural
Council and local organisations sustained their objectiohs, and planning
rernission was refused. The Board lcdged an appeal against this refusal
and a public inquiry was held. (10)

At this inquiry the Board's witnesses ettempted to demonstrate
that they had gone to a lot of trouble to consider the effect of amenity
of the site at Mop End. A set of air photographs, (11) site photographs
(12) and a model were exhibited, (13) a selection of these photographs

and of the model are included on the following pages.
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The appeal site was situvated on a comparativelf high part of

" this ﬁndulating countryside, and the formation level of the substation -
would be about 500 ft. above ordmance datum. The presence of the existing
trees of about 70 ft. high would give excellent screening as well aé
providing a background to the substaticn equipment. The orientation of the
compourds was arranged to take the greatest advantage of the contours and
to provide the greatest benefit from the earth moviqg operetion of cut ané
fill by establishing the substation floor at the lowest practicable level.

Tﬁe precise position of the substation was also influenced by the desire to
1 !
/

s%tg the installation at the greatest distance from the houses at MHop End
to the west and those at Woodrow to the south.

The. Board said that before any consultations took place about
the site at Mop End the whole of the surrounding area had been carefully
investigated and six other possiﬁle sites considered, (14)

Site number 1 at Featherbed Lane, Holmer Green, site number 2
to the north—eaét, and site number 3 north of Hop End Farm are all on
exposed high ground above the 500 ft. contour line and would be visible
from residential development at Holmer Gfeen, Beamond End and Hop ZEnd,
and clearly visible from Little Kingshill and the Hissendens. The line
entries, for éach site, would be much more obtrusive than for the Mop End
site., Site number 4 in the Rough Park is on the highest paft of the woodland
area and the necessary line entries would have necessitated the felling of
meny tall trees thus reducing thé screening of the substation. Site number 5
at Mantle's Farm, Little Missenden is on the north side of a railway
embankment and a considerable amount of cut and fill would be required to
form the substation floor, and in consequent the railway embankment would |

not afford an effective screening. The overhead line entries to this site
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would be very prominent and it seemed unavoidable that there ﬁould be three
overhead lines crossing the A413 road in close proximity. Two of these lines
would be close tcgether around Little Missenden and this was also considered
to be most undesirable.

fn the early stages of consultation Site No. 7 at Owlsears Wood
seemed to find some favour with the county and district representatives.

If one regarded merely the substation itself this would have heen a good

site as it is on low ground below 350 ft. A.0.D. and is not unduly close

to many residences. One disadvantage would perhaps have been the interference
with;numerous foétpaths in the area, but the more serious objection to the
site seemed to be because of the overheaq line diversions which would be
required.

A1l these alternative sites are within the Chilterns Area of
Outstanding Natural Beaty. No other sites had been suggested during the
period of construction by either the County Council or Local Authorities,
and although in refusing the Board's application one of the grounds was
thét "The Planning Authority were not satisfied thal the substation cannot
be sited outside the A.0.W.B.," they had not suggestea any such location.

The Board were confident that there was no site other than that chosen,
even outside the A.0.N.B. which would have a less injurious impact on
amenity generally.

One objector during the course of the inguiry suggested a further
six alternative sites vhich were all situated outside the Area of
Outstanding Watural Beauty. (15) The Board's officérs said that all of
these sites were technically possible but they were not able during the
course of the inquiry to give a fully considered opinion from all aspects
of amenity cost and detail design. All of these sites were along the route

of the existing East Claydon/Iver 400kV line towards Iver, including one at Iver,
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A1l of them were in thé green belt and had disadvantages in the development
of the;132 kV system and the commection of a possible future 400 kV line,

; The Board iﬁ comnenting upon these suggested sites said that
having! regard to the necessity of reinforcing the electrical supply in
the areas of Chesham - Amersham and High Wycombe -~ Beaconsfield, the further
a site was moved along the route of the existing Bast Claydon to Iver 400kV
line towards the substation at Ive?, the greater became the technical and
economic disadvantages, and the amenity problems. Electrical reinforcement
from Iver sgbstation or nearby, did not meet the eiectrical design parémeters
iaid down bj the Board's system deéign engineer. It was remote from those

] _

aréés requiring an elgctrical supply and'did not make use of the existing
132 kV lines, it was also uneconomic to transmit electrical power into Iver
substation, transform it down and then bring it out again +to the reduired
areas.

A stvdy was made by the Board of an alternative scheme of
electrical reinforcement, whereby the electrical demand from the Amersham=
and Beaconsfield areas would be supplied from the suitaebly en;arged existing
substation at Iver, This alternative would involve taking 132 kV lines |
through the Metropolitan Green Belt between Iver and Loudwater through an
area of some bgauty, and_through the built-up area between Watford and
Hemel South. To provide a reiﬁforcement system by 1980 comparable ywith
the Mop End scheme, and assuming that the 132 XV line connection had to be:
put underground, the additional cost was said to be in the order of £3.4
million. This suﬁ would be encusgh to pay for the whole of the_400 kv

substation, the 132 kV substation and transformers required for local supply

from the Mop End site.
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The most promising site of those suggested seemed to be No., 8
adjoining Bulstrode Park located on a p?rtly worked out gravel pit now in
use as a rubbish tip, sitvated immediately south of:the Londbn to Oxford
A40 road. This site is halfway between Owlsears Wood and Iver and is close
to the existing 400 kV line, but it only meets two of the design requirements
 for the South Buckinghamshire substation location. It would not be suitably
located to relieve the three overloaded 132 kV 1ine$, and is not centrally
located to the load centres. The connection to a possible future 400 kV

lﬁneiwould result in a birdcaging effect of overhead lines to the north of
t&efsite.

| The comparative cost of any site would depend upon the cost of
civil works plus the cost of the necessary 400 kV and 132 KV conhections.
The cost of the electrical equipment would not affect the comparative
costs between alternative sites as they would be abéut the same. The total
costs for substation equipment, civil works, landscaping and associated
transmission connections in the case of Hop End would be £3,3%9,000 by.
1975 increasing to £11,472.000 by 1930. The cost of Oﬁlsears Wopd.site
would be £3,698,000 by 1975 and £12,154,000 by 1980.

The cost penalty of £682,000 resulting from the relatively

short movement -from Mop End to Owlséars Wood was almost entirely due to
the extent of thé secondary 132 kV connéctions and reflected the sensitivity
of -such movement; and that was why the Board had nof searched for sites
outside the Area of Outstanding Natural Beauty. This cost. penalty concerned

only the use of the substation for local suppiies and had nothing to do

with the cost of connecting the possible future 400 kV line.
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In the case of site No. 8 Bulstrode Park, the civil enginering

works were estimated to require an expenditure of £350,000 compared with

Fop End of £241,000. The cost penaliy was due mainly {to the longer

transmission connections end particularly the placing of long lengths of

1722 kV line underground.

The Advocate summing up the Board's case said that taking into

consideration all the factors that have emerged during the dinquiry and

recognising in particular the need to preserve as far as possible the

genefal amenity of this part of the Area of Outstanding Natural Beauty,

the Board was of the opinion that the choice of MHop End as a site to

provide the 400/1%2 XV substation necessary to maintain the future

electrical supplies to area was the correct one for the following reasons:-

l!1 .

2.

4.

5

The site is in the centre of the area of load growth and therefore
provides the optimum position both electrically and econonically.

The overhead line modificabions required have the least impact
on amenity.

The site itself is for the most part woodland and with the
exception of the north side.-will have the remainder of a large
wooded area with its perimeter of well matured forest trees ss

an established screen for the substation structures. Furthermore,
the rise in the contours to the north and the presence of the
other nearby woodlands of Shardloes will afford a great deal of
useful screening from that direction.

The site will be well screened not only by the existing but
by the proposed additional landscaping from adjacent habitation
and distant development of Amersham, Coleshill and the Missendens,

The most important factor to be taken into consideration is the
position of the existing overhead lines which cross the A.0.N.B, -
and provide the means whereby the electrical supplies to the towns
and villages in the North Chilterns area can be reinforced, I
consider that the Board's aim to cause the minimum additional
effect on amenity will have been achieved if consent is obtained
for the lop End site and the overhead line rearrangement to connect
to ito“ *
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9.3 The éase for the Ohjectors

| Opposition to the proposed substation site at Mop End was
principally voiced by Amersham Rural District Council, supported by most
of the local amsnity societies. (16) The local papers also affected_plenty
of opportunity for critical comment on the proposal (17) and for the
expression of local opinion.

The Amersham R.D.C. on the 2nd March, 1967 refused planning

permission for a substaticn at Hop End for the following five reasons:~ (18)

. ", The site is included within an area of high landscape value

/ / in the approved County Development Plan.

; / 2. The site is included in the proposed extension to the Metropolitan

i and Local Green Belt which is intended to preserve a belt of open
country around London and to pfevent the spreading and merging of
the towns and villages within its boundaries.

%« The site is included within the a951gnated Chilterns Area of
Outstanding Natural Beauty.

4. Development of the type proposed, situated as it would be on the
-upper slopes of a valley running through the Chilterns, would have
e major impact on the amenities of one of the most beautiful areas
of county close to London, and would be visible from the surrounding
countryside and, in particular, from nearby footpaths and highways.

5. The Local Planning Authority are not satisfied that the substation
cannot be sited outside the Area of Outstanding Natural Beauty."

The objections to a substation at Mop End were vigorously persued,
and the theme gf each of the five reasons for refusal were extensively argued.
The main case against the Board was that the proposed site was within the
Chilterns Area of Outstanding Natural Beauty that the Minister of Housing
and Local Government had so recently confirméd, (19) and to approve this
site would be contrary to the Ministers intention to preserve this area of
such landscape beauty. The Amersham R.D.C. put forward at the public inquiry

-81X  other sites that should be investigated all of which were outside the
A.,0.N.B. in the Gerrards Cross area, but nevertheiess within the HMetropolitan
Green Belt. (20) The Board's officers took advantage of the late summer
evenings to inspect these alternative sites, and gave evidence upoﬁ them

during the subsequent days of the ingquiry.
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The spokesmen for the amenity societies and residents associations,
. supported the éouncils objectiéns by emphasising that they were not satisfied
that sites outside the A.0.¥.B had been seriously considered, and that any
gdditional cost attributable to a site outside the A.0.N.B. would te an.
amenity cest justified to keep the A.0.N.B. free of this form of development.

9.4 The Inspectors Conclusions

The inquiry lasted for four days from the 22nd to the 25th Auvgust,
1967 followed by a further three days of inspection of the site and the
a%terﬁatives. The Inspector's report (21) was published three months later
ip wﬁich he summarised the facts, and from them drew the following
cén&&usions:—

He reported that the "dotted/ ﬁoundary (22) which was intended
to indicate the trend of electrical demands at grid peoints in this part of
'Buckinghamshire did not strictly define the sphere of influence of the
proposed substation over the years 1970 to 1980. The sphere of influence of
the substation would change with the timing of the various- reinforcements
and, broadly sﬁeaking, by 1980, the substation would be supplying the whole
of the "dotted" area. It was not possible to relate any other site to a
particular geographic line shown.on a map, as the fringe areas would change
over the years because of the interconnection of the 132/33 kV grid substations
with 33/11 kv éubstations, meny of which spread out into the rural areas.

It was the power stations which provided the power to the national
Supergrid, the purpose of the Supergrid substaztions being to transform and
transfer that power. Any new Supergrid substation, wherever sited, was
bound to affect the flow on exiéting transmission lines. It was technically
possible to enlarge existing major substations outside the zone and transmit

the power into it; but the Inspector concluded that it would be grossly

uneconomic in this instance.
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He said that the layout of the proposed subsfation at Hop End Qith
its haturally well—ﬁooded surroundings was éuch that the structurés of the
substation should be well hidden from general view. Given proper and
sufficient landscape treatment, it shoulq be sufficiegtly well screened,
except from certain very local and limited view points, to make the site
acceptabla in this ares from a visual amenit& aspect. He had no doubt that
the Board would do their utmost to carry out landscaping in accordance with
their recommendations and the undertakings they had given. (éB) .

The Inspector commented that although the substation and ité
equiément would nestle into lower ground the,sife itself is on relatively
high ground and it was therefore, the possibility of the sight of a number
of overhead lines coming into and leaving the site that had given rise fo
concern. In view, however,'of the undertaking given'by the Board that, so
far as development can be envisaged up to 1980, the 132 kV circuits associated
with the Mop End scheme within the Chilterns Area of Outstanding Natural
Beauty would be placed underground, he conéidéred that this went a very long
vey towards meet;ng that objection.

From an engineering point of view, he considered that the Mop End
site had considerable advantages. Other sites in the Chilterns Area or
withiﬁ the green belt would not escape some injury to visual amenity and
there was the cost advantage of Mop End to weiéh in the balénce, and also
the impact of overhead lines upon visual amenity associated with the
development at any of the other sites put forward. |

The site at Mop End was well located to taka the electrical load
immediately off the existing 132 kV lines feeding the area, and it would
required a minimum of new 132 kV overhead lines, or alternatively, costly

© 132 kV underground cables for the future transmission reinforcements of the
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major centrss of load in the areas of Lye CGreen, Amersham, Chesham and High

, - Uycombe, Loudwater, Beaconsfield. It also makes the best use of the

existi%g-400 kV and 132 kV transmission lines because of its 1océtion'right
at the;point_of crossing of tﬁe existing East.Claydon, Iver 400 kV line and
the existing Cowley, Iver 132 kV line. The diversion of these overhead lines
into Hop End compared with any of the other sites could be done with the
minimum amount of new line.

‘ The Inspector also thought it was signifiéant that if the Board

vere unable to find new sites for generating stations in the London area,

|- )
a8 future 400 kV line from Cowley towards north-west London would be

ad%éntageous for the purpose of importiné electricity generated in the
Midlands. Zvidence was given on the tecénical and economic'advantages for
turning in such a line at Hop End which would then:realise fhe full
potentiality of the site. The existing 132 kV Cowley to Iver line within
the Chilterns Area of Outstanding Natural Bealuty could be dismantled and the
route occupied by the future 400 XV line without increasing the number of
overhead lines in that Area., It was admitted that this would involve the
introduction of a larger type of cocnsiruction in place of a smaller one, but
the Inspector agreed with the Boafd's view that this was preferable to
rouleing a new 400 kV line south of High YWycombe and through the High Wycombe
valley towards'London. Such a route, in any event, would have to pass
through a substantial part of the Chilterns A.0,N,B. between Saundérton and
High VWycombe. Bven if a futurs 400 kV line should hot be routed via Hop End,
the Inspector was satisfied that this site still had technical and economic
advantages compared with the others which had been considered. Névertheless,
it_was the connection of such a line at Mop End thus making it a 400 kV
switching station on the Supergrid which, appears to have led to objection

by nearly all concerned,
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The Bqard weré.commended by the Inspector for bringing vefore the
'.inquiry,fhe possibility of a future 400 kV line. So often in the.past they
had be%n criticised for not telling the public their future plans, If the
suégesﬁed connection did come ébout; the necessary substation equipment and
circuié—breakers could be installed in space that w§u1d otherwise be
.grassed over without in any way detracting from the lanscaping propoéals.
As for the need to meet the increasing demands for electricity in South

" Buckinghamshire and West Hertfordshire, the Inspector was satisfied that a

new substat%on was needed, and that the transformer part of the proposed

subgtatibn at Mop End would meet that need and provide for the future
reiéforcement.of the zone in the best teghnical énd most economic way.

The Inspector accepted the Board's argument that of the 53 édres
required for fhe site a large part was to be used for ground modelling and
landscéping, and the relatively small area required for the compounds would
provide space for all the electrical equipment required by the local 132 kV
system up to at least the year 1990. The Board did not think thai any real
purpese would be achievedlby reducing the compound area merely to that
required for four transformers; which would only meet the expected local
demand for the 14 years up to 1985, after which time anothér sité of
similar acreage would be required for further reinforcement. Still less
purpose would be served by having only a two transformer substation a Mop End
because this would require anothef tvo sites. The proposal to provide space
for eignt transformers at the one site ensures the best use of land and
electrical equipment, ana pro#ides for a greater security of supply; and it
confines the possible damage to visual amenity.

The Inspector concluded his report by finding that the advantages
of the Fop End site were that the overhead line modifications would have the

least impact on amenity. The site would also be well screened not only by
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the existing woodlands but by the proposed additional landscaping from
'édjacent habitation and distant development of Amersham, Coleshill and the
?ﬁssendens. Important factors were that it was in the centre of load growth
and well located in relation to the position of the existing lines which
crossed the Area of Cutstanding Natural Beauty.
On the basis of this he expressed the following opinions:- (24)
"1. The proposal is one that constitutes very special circumstances,
and as such the develcpment can be. congidered xlthln a Green Belt

or Area of Outstanding Natural Beauty.

2. The technical and cost advantages of siting the substation close to
/ the existing 275/400'kV and 132 kV lines at Mop End are abundant.

——,

‘%« The appeal site is well chosen from an amenity point of view, and
i the installations are not likely to create a serious visual intrusion
to the public except as regards users of footpath Wo. 27.
4. In Scotland hydro-electric schemes have become acceptable in areas

of high landscape valve, and personally I see no reason why a schene

such as this, so essential to modern living and progress, should

not be acceptable if carefully sited and landscaped. So treated

the substation might well form a point of interest to users of the

footpath affected.”

The Inspector accordingly recommended to the Minister of Housing
and Local Government that the appeal be allowed.

The Ministry of Power Inspector in his report (25) on the Compulsory
Purchase Order recommended to his Minister that he was convinced by the
Board's case, and that the order shculd be confirmed.

The respective Ministers did not feel able to accept their Inspectors
recommendations to approve the Mop End site, and after considering the matter
for some five months wrote to the Generating Board in March 1968 (26) to-
ask the Board to carry out a further search outside the Chilterns Area of

Outstanding Natural Beauty, and also if possible outside the proposed

extension to the Metropolitan Green Belt, and to report accordingly.
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9,5 Further Investisation of Alternative Sites

Pollowing the request from the two Ministers the Generating ﬁoard
prepared a report (27) examining four alternative Sites; (28) Three of
these were outsidé the A.0.N.B. at Longwick, Loudwater and Rulstrode Park,
the latter being the most practicable one of those suggested by Amersham
R.D.C. at the inguiry. The fourtﬁ gite was the original site at Hop End.

The Board also laid considerable emphasis in its report that
since the first inquiry they had completed a new design-of substation
stru?fure which was significantly lower and less obtrusive. The earlier
design of 400 kV substation is usually dominated by the heavy steel 72 ft.
high gantries from which are suspended the insulators éqd aluminium tubes
forming the connectiog fof carrying currént from one piece of electrical
equipment to another. In the.new design all this equipment would be
‘superseded by self supporting-aiuminium lattice structures in the form of
a bridge with a maximum hight of 54 ft. The new design of supporting .
stfucture also enabled the overail length of the suﬁstafion to be-reduced
by about 100 ft. at each end. The difference between thg Mark I and Mark II
design is shown in photographs 36 and 37. (29) The Board also demonstrated
the advantages of the Mark II design by preparing models 6f the two forms of
electrical layout shqﬁn in photographs 59 to 62. 1In the Board's view this
reduction inheightand the lightness of_the sfrncture would be a considerable
visual improvement, and constituted another reason why the substation at
Mop End could be made visuallj acceptable. The Board concluded its report
by reaffirming its jusfification for selecting the site at Mop End on both

economic and menity grounds.
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bopies of this report were sent by the Ministers to all interested
'  parties and comments invited. Althoﬁgh such replies as they may have
receiv;d were not publicised, it would be safe to surmise that they raised
suffi{ient doubts in the Hinisteré mind to cause them to-re-open the inquiry
to giée an opportunity for the additional -evidence produced by the Board

to be tested by cross-examination., The inguiry was accordingly ré—opened

on Thursday, 12th December, 1968 at Amersham Council Offices. (20)

9.6 The Inquiry Re-Ovened
| TQo different.inspectors conducted the second inquiry_(31) and
although thLy'had ;vilable all the papers and a transcript of the evidence
at!#he first hearing, the Board éﬁose to present all the evidence a second
-tige, vwhich was further amplified by doﬂ;ideration of thecthfee alternative
si;es put forward in.their report.

The Board emphasised the fact that the reduced height of the Mark II:
substation structures partially eliminated any view of the substation at |
lop End, other than from the fgotpath which would need #o be diverted. All
the evidence given by the Board's witnesses was directed to proving that
despite its location in the A.0.,N.B. it was the best site for economic,
technical and amenity reasons. |

The opposition to the Mop End site and tacit'support for any
alternative, wés presented by'Ameréham Rural Distriect Council and the
locai amenity societies, and was substantially the same as giveh at the
first inquiry.

The local authorities of the alternative sites-also appeared to
object to the site in their respective areas and to discuss, cross—examihe,
and make reﬁresentations upon the merits of the altérﬂatives. The County

Council, the Countryside Commission, and the Council for the Preservation of

Rural England, supported the Mop End site as fhe."least offensive."
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The Deputy County Planning Officer reading from his proof summed
+ up with these words :- (32)

L & seams to be quite clear that all the four sites
would have an adverse effect upon local amenity to one
degree or another, but in my view the crucial question
concerns the lengths of additional overhead lines which
would be required in each case. At each of the altern-
ative sites, other than Mop End, the requirement is for
a number of additional 400 XV and 132 kV lines radiating
out from the substation whereass at Mop End, no new lines
are necessary, and in the ultimate, a net addition of two
towvers will be the result. Having a regard to this and
also to the fact that since the initial inquiry the
Generating Board have designed a Mark II type substation

, which considerably cuts down the height of the necessary
{ equipment, I am of the opinion that the site at Mop End

/ / - would be least damaging to the amenity of this part of -
b the country. In coming to this conclusion I have not

taken into account the cost penalties calculated by the
Central Electricity Generating -Board for the three

other sites relative to lop End. In my view, on -amenity
grounds alone, Mop End is clearly the least detrimental
of all the sites which have been put forward."

9.7 Conclusion

The Ministers have not yet issued their decision on this appeal,
but by studying the evidence and the emotional attitudes of the various
parties, one should be able to distil some general conclusions.

The Board made an attempt in 1961 (33) to anticipate the development
of the 400 kV supergrid. Their plan was based on forecasts of the.
geographical patterns gf load growth-and of new generating capacity to
supply that growth. Changes of .detail were expected to arise in relation
to the connections to new power stations and to new §ubstatioﬁs ﬁhen precise
locations were known. So far as is known and some seven years iater'no
" revised overall plan has been published. The existing 400 kV line at Mop
End was foreshadowed in the 1961 report, but there was no indication at
that time of the neeq for a possible substation. One is left with the
impression that the Board although working within the framework of fhe 1961

Prlan nevertheless introduces some major schemes as and when the need arises.
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The Board by noi anticipating or announcing the possibility of this

substation at the time of obtaining permission for the Egst Claydon

to Iver 400 kvlline,'had in'large measure made the selection of the Mop

End site inevitable. If the requirement for a substation in South .
Bucﬁinhamshire had been recognised in 1960 when the 400 XV route was being
planned it would have presented the opportunity of routeing the line via '

a more acceptable substation site. On the other hand in 1960 the Chilterns
Area of Outstanding Natural Beauty, had not been ofiicially defined, but
nevertheless the landscape beauty of that area is not confined to a Minister's
confirmation of é line on a map.

The towns ﬁeeding electricallréinforcément are-étill the 'same, so
from the point of view of the Board it c;;ld be argued that nothing
significantiy had changed since 1960 to suggest that even if the possibility
of & substation had been brought into the scheme of thelévérheéd line the
result would have been any different. The public however may have appreciated
th;t this part of the supergrid 5ad 5een considgred comprehensively rather
than giving the impression that their loss of the natural beauty of H&p End
was an afterthought. The difficulty of adopting an objective attitude to
the siting of a large substation in one's own locality is reédily appreciated,
.but it is significant that the National Parks Commissibn with overall
responsibility ior the guardianship of National Parks and A.0.N.B's and the
County Coﬁncil with a county wide planning responsibility have both éxpressed

a contrary view from that of the local authority.



An attempt has been made to form an objective assessmgpt-of the
'four practical alternatives and this hés been set out in table No. 8 The"
assessment is made within the context of the electrical requirements as
set ocut by the Board's system design engineer, and is not within the scope
of this chapter to challenge these design paramefers. On this basis it |
becomes clear that the site at Mop End is the obvious choice. The site
at Mop End may be said to damage the principle of the A,0.N.B. but the
adoption of any of the other sites would seem.liable to result in a greater

damagé to the vispal amenity of South Buckinghamshire.'



Effect of site on arenity

e e

Mileage of new 132 kV

connections on fresh
routes.

Overhead Underground

]
Finwvin

Purn-in of existing
Bast Clzydon to iver
LOO kV line.

e e b e

Turn~in of future
Cowley .to Londen
OO wV line.

Cost penalty compared
with Mop End. - '

Loudwater Partly within In AONB Turn-in would involve Impact on amenity so ™ - £ 570,000
: AONB. Outside 1.5 ' 9,0 four additional miles of { serious as to cast doubt
Green Belt. te ° line, including 2 more on practicability of
Small impact on Outside AONB in AONB and 1% in Green | this site.
existing devel- ' Belt,
opment. 1.0 _ 9:5
Bulstrode Parkj Outside AONB. In AONB No difficulty. Fasses Impact on amenity so £1,160,000
In Green Belt, 1.5 1.5 very close to site. serious as to cast doubt
Between ALO road ~° ) ® on practicability of
and future moctor- Outside AONB this site.
way. No impact
on housing. 7:0 195
W9rked out gravell i
pit. -
Longwick Outside AONB an In AONB 7 additional miles of Practicable but over 4 . £2,490,000
: Green Belt. 5.0 ' 28 5 new 400 kV line re~- miles of new 400 kV .
. Some impact on * * quired line required with
housing. Plea- Outside AONB with considerable considerable impact on
sant farmland of 2.5 12.0 impact on countryside. existing develcpment.
no special dis-§ ~° :
tinction. Visible
at range of 2-3
miles from
Chilterns
Escarpment., :
Mop End In AONB, but In AONB i No difficulty. Passes No difficulty. Would -
. well screened. - 15.5 very close to site. pass very close- to site.
Slight impact °
on existing Outside AONB
housing at
Mop End. - 10.5 |
: &
TABLE NO., 8 Assessment of the factors relevant o w

South Buckinghamshire.

four alternative locations for the selection of a substation site in
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CHAPTER NINE

. ‘Refersnces

1a i The choice of the Mop End site as a case study is also influenced
by the fact that the writer had the opportunity of being present at both
inquiries receiving copies of proofs of evidence, seeing a full transcript
of the proceedings and the Inspectors reports as well as being fdirly
familiar with the locaglity. The complete list of documents referred to is
givenr in the Biblicgraphy for this chapter.

2. This area is shown dotted on map 50 and has been transcribed from
diagram PJA1 which was exhibited at the publiec inquiry.

3., Map 48 shows -how these electrical requirements are achieved and the
geographicesl advantages of the Mop End site. Copies of this map were
distributed at the public inquiry, as well as similar maps for the three
alternative isites mentioned in the Board's report referred to later.

4oy The chilterns A.0.N.B. had been designated 26. 5.64 at about the
sawghtime as those preliminary site investigations were taking place.

S5e: Map 50 shows the location of tﬂese alternatives numbered 1 to 7.
6.:- This site is numbered 4A on Map 50.

T This revised'siting'became the site the Board finally adopted for

its Hop End proposal and is numbered 6 on Hap 50.

8. Letter dated 21.1.67. The full text of this letter was read out
et the public inquiry 22.8.67. -

S. Letter dated 9. 2,67 read out in full at the public inquiry 22.8.67.
It is noted that the view expressed is not that of the Commissiorn, but one
of its staff.

10, The public inquiry ﬁas held et Amersham R.D.C, offices'fibm 22.8.67
to 25.8.67., followed by a further three days of site inspections.

11. Photograph 52 was one of the set of those exhibited at the inquiry
with the site of the substation outlined on the photograph.

12, Photographs 53 to 58 lettered AA to FF are copies of those handed
in at the inguiry. The view points are shown on drawing 1A included in the
pocket at the end of this volume.

13. Two models of the electrical compounds were made, one of the
standard form of electrical layout, and the other of the then new design
which was considerably lower and generally considered to be a visual
improvement. These could be inserted into the landscape model in order
that comparisons could be made between the Mark I and Mark II electrical
layouts,

14, Shovmn on Map 50,

15. These sites are shown on Hap 50 and are numbered 8 to 13.
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16. The following are on record as objecting:~ Amersham Guild, Amersham
Parish Council, Amersham Rural District Residents Association, Amersham Society,
Beaconsfield Area Preservation Society, Chartridge Parish Residents Association,
. Chiltern Society, Coieshill Residents Association.

iTe See Chapter 9 bibliography for list of press cuttings.

! .
18. § Report of Inspector to Hinister of Housing and Local Government
0P, c1t Page 1. Paragraph 3.

19, f The Chilterns A.0.N.B. had been designated 26. 5.64 but not
confirmed until 16.12.65. The Board's outline application was dated 1.8.66"
refused 2,3.67 and appeal lodged 13.4.67. -

20, These sites were suggested by an Amersham R.D.C. Councillor vho had
walked some eighteen miles along the route of the existing 400 kV line. -
These sites are shown on MHap 50 and numbered 8 to 13.

21, Mﬂnistry of Power dgted 30.11.67 see Chapter 9 bibliography.

'22. This dotted boundary is shown on Map 50 and has been transcribed
from diagram PJA1 exhibited at the inquiry.

23. ) The Landscape Witness' prcduced drawings GG2A and GG%A included in

the pocket at the back of this volume to illustrate the extent to which the

site may be seen, and his ground modelling and planting proposals to provide
screening from the most vunerable viewpoints.

24. Report to Minister of Housing and Local Government op.cit. page i5
Paragraph T1.

25, Report dated 30.11.67. See Chapter 8 bibliography.

26. This letter dated 5. 3.68 was not made available to the public but
was frequently referred to and quoted.

27. This report dated 17. 6.68.consisted of 18 pages as well as 18 maps
and diagrams. It was frequently referred to at the subsequent re-opened inquiry,
at vhich it seemed that everybody concerned possessed a. copy.

28, These sites are shown on Map 50 included at the end of this chapter.

29, This 111ustrat10n was included in the Board's report and copies wers
available to the publlc at the second inquiry.

30, The re-opened inguiry took place on 12, 13, 17, 18, 19 and 20th -
December, 1968 and the site inspections on 31st December, 1968 and 1, 2, 3,
7 and 8th January, 1969. ,

31, The first inquiry was conducted by Mr. French from the Hinistry of
Power and Mr. Harcourt from the Ministry of Housing and Local Government and
the re-opened inquiry by IMr., Linton, Hinistry of Power and ¥r. Chown,
Ministry of Housing and Local Covernment.

324 Proof of evidence of Mr. R.C. Kenyon. Page 8,

33 Statement on Development of the 4OQ/275 kV Supergrid Transmission
Network in England and Wales published by the C.E.G.B. in June, 1961.
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Map 50 Alternative sites for a substation in South Bucks.
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PART FOUR: AMENITY ASPECTS
CHAPTER TiN

General Amenity Aspects of Overhead Line Transmission

10.1 . Introduction .

10.2 Design of Transmission Towers
10,3 Overhead Line Insulators

10.t Colour of Transmission Towers
10.5 Conclusion

10.1 Introduction

Aesthetics_is properly a departmenf 6f philosophy, but has become
#ntgngled in the electrical 1andsca§e. This study of the supergrid would
ke;incomplete without considering thg visual aspects of the towers and
ovérhead lines, which are the most obvipus part of the supergrid network;
certainly from the point of view of the general public. One may have
formed an opinion that tramsmission towers are.beautiful structures
.striding grandly acroés the country, " exceeding ugly erections that
demonstrate the inability of engineers to introduce aesthetics into their
.design calculations. The gentle curve of the conductpré may give pleasure
to some, but to others the sagging wires contri£ute to a wirescape tbat
. destroys any view in which they may be found. If is unlikely that this
study of the factors influencing tower desigp_would change these subjective
opinions tut it may lead to a better understanding and perhaps a little

more tolerance towards the seemingly relentless '"march of the pylons'. (1)

10.2 Transmission Towers

The present supergrid galvanised steel lattice transmission
tower, (2) is basically the same in design conception as the first 132kV

tower of the original grid built in 1928. Three years previously the

Central Electricity'Board had invited three approved overhead line contractors

to submit a design with an estimate of cost to meet certain eiectfical

requirements specified by the Board., The Board éQen at that time were
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concerned about the general appearance of the towers and their effect upon

the landscape. From an engineering and cost point of view one design of

tower was stated to be clearly superior to the other two, but before the

final selection, scale models were made and shown to a fanel of eminent
architects. (3) The Bo;;d also consulted Sir Reginald Blomfield R.A. and

the design of the towers was finally settled following discussions with him.(4)

Early in 1950 preliminary design work was carried out for the
proposed 275kV towers, and these were similarly developed as the result
of three competitive tenders. (5) Scale models of each design were prepared
and’ submitted to the Authority's consulting Architectiiral Advisors, who selected
the one they considered was most acceptable aesfhetically. (6) This was
subsequently adopted as the Boards standard tower design. Since then
fﬁfther design and development hés taken place. The'ﬁée of aluminium alloys
for the top sections of fowers, as well as tubular members f;r tower cross-
bracings had been investigated by the B.E.A. between 1950 and:1953 whicﬁ
wﬁuld have effected a considerable.saving in the weight of steel required,(7)
although probably more expensive. This development does not seem-to have
been pursued. -A prptétjpe 275kV tower constructed'of prefabricated welded
tubular steel frames had been developed, and apparently tested successfully
in 1957, but nothing further has been seen or heard of this new towér
design(8).

Inl1960, competitive designs were invited from the four main
overhead line contractors which were based on the earlier steel lattice
construction used for the 275kV and 132kV tqurs. The differences between
the four submitted designs are mainly in the pattern of the bracing, which
is not readily distinguishable and does not affect the overall shape or
height of the tower. (9) |

Drawing 1 included in Chapter 6 shows the outline of the Boards
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standard height double circuit suspension towers of 132kV, 275kV and LOOkV.
.They range in height from 86 ft. to 164 ft. It must be emphasised that

these are standard height towers and that the tower construction has been
designed to readily accommodate extensions in increments of 10 ft. to a
maximum of five. The highest type of standard designed tower would therefore
be about 214 ft. It is.not always appreciated that the use of extensions

is fairly frequently réquired to ensure a safe distance between the conductors
and the ground or objects, and the average height‘of a line of towers is
usugily considepably more than the standard height for the appropriate.
v61£age.

There is considerable divergence of opinion whether the present
design of transmission tower is visually the best that can be designed. The
Board quickly answers critics_by saying that they seek to ensure that the
design of the tower structures is the most graceful that can be devised. (10)
and that well known and distinguished British architects were consulted
and nad approved the design and that the recent designs for 275. and 4QOOkV
towers had been submitted énd approved by the Royal Fine Arts Commission. (11)
So far as the Board is concerned this appears to be the final answer,
nevertheless from time to time the question is raised in correspondence in
the national papers and sometimes in parliamentary questions. A few years
ago the Minister of Power was asked what study had been made of the design
of electricity pylons to make them as inoffensive as possible to the
amenities of rural areas (12). This question was raised again in 1964 gnd.
1967, and in every case the stock reply was given (13).

The official parliamentary reply does not necessarily indicate that
the Bosrd is not concerned about tﬁis matter, nor that its engineers are no
" longer considering the ques?ion of tower design. The standard Boards towers

dominate the tallest trees and are usually completely-out of scale with the
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English countryside. A substantial amenity improvement would be made if the
height of towers could be substantially reducéd. With this principal
objecdive the Board have evolved a design for the structural cross arms
of a éower that supports the live conductors to be made 6f an insulating
material, An experimental line has been built at Connah'é Quay in
Lancashire for tests. This development it is hoped would reduce the height
of a standard 132kV tower from &9 ft. to about 75 ft., and if succesful
bé'subsequehtly applied to the higher supergrid voltages. (14)
?he Board frequently has its attention drawn to the many

.QX§mples of transmission towers- erected in other countries with the comment
thgt they are always so much more elegant than those constructed in Britain.
These criticisms are sometimes valid but on closer examination it becomes
apparent that the comparisons are not being made between similar voltages, nor
the carrying capacity of the line, or the terrain through which the line is.
routed. Aithough one hears more from the critics of the Boards tower designs
than from those that find them tolerable, nevertheless from a close study
of many Continental and American examples the Boards steel lattice transmission
towers are generally reéarded to be an uninspired but workmanlike solution

to a complicated engineering and aesthetic problem.

10.3 Overhead Line Insulators

An overhead line conductor carrying electricity is insulated from'
the ground- by the intervening air, but it must also be supported by some
means that prevents electrical continuity with the structure that carries it.
It is not proposed to discuss the shape of an insulator as this is largely
determined by the electrical requirement to vrovide the minimum distance
between metal consistent with safety, and the practical requirement that the
insulator should be self cleansing by rain in order to prevent an éccumulation

of dust that would reduce its effectiveness. Dfawing 5 shows the insulators



291.

Suspension Sets

ATV

~-

) %
Hivee

-~

!

I

| H . - 3| 2
g | 3 3 £ z
3 | 3 5 &
3 I |

‘ ‘ j

400 kV (twin) - 400 XV (quad)

Tension Sets

107{2.794M) J

P R IS(e(ss(<(s( '__gpo@»

400 XV (twin)

4

HO¥(2,794M)

400 kV (quad)

-Drawing 5. Tension and suspension insulators for 400kV lines.
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required to support 4OOkV twin and quadruple conductors. lIt will be noticed
that there are two different types. There is the vertical arrangement of
suspension insulator sets when the conductor is hung from the bottom of the
insulator, and the horizontal arrangement when the string of insulétors is
in tension to resist the pull of the conductor. The twin 4OOKV conductor
is carried by one suspension set, and two tension sets of insulators, and
the quadruple bundle of conductors require two strings for suspension and
four strings in tension. The visual effect of these arrangements are shown
in ghotographs 63 and 6k,
! Insulators are manufactured from either porcelain or toughenéd glass.
It has been observed that generally the whole length of a line has been fittéd
with one type. There are a few instances when both types have been used on
a line, but the change of insulators on adjoining towers a gquarter of a mile
apart is not visually disturbing. No instance has been seen when both
porcelain and glass insulators have been fitted to the same tower, and in
sﬁch & case as this cne may imagine that the visual resvit would be most
disturoing. . |

So far as is known the Board has not promulgated any amenity
policy on this question of iﬂsulators. It-seems to the observer that either
porcelain or glass insulators may appear in any situation. It is thought
that the Boards requirements for insulators is greater than the present
manufacturing capacity for either type, and that the Board is unwilling to
concentrate on porcelain or glass for fear of creating a monopoly situation
as only‘one rorcelain, and one glass manufacturer produce these insulators.
- Both types are gusceptable to damage, the porcelain merely chips
or fractures, the glass on the other hand when Lit by a stone, or a pellet

from a powerful air rifle shatters into a spectacular shower of small cubes

of glass. It has been noted that when this display has first been achieved
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on a section of line, it is quickly followed by many more broken insulators.
It is more for this reason than any other that the Board tends to prefer
porcelain, |

Twelve strings of dark brown insulators, each string over 13 ft.
long suspended from a MOOlesupergrid tower, becomes quite a significant
visual element in an overhead lire route, It is not known whether it is.
due to public criticism, but the Board has recently been experimenting with
cclours other than brown for porcelain insulators. Apparently green, white,
?nd dull yellow colours are feasible,_but the Board has said that they are

i

%pfe difficult to make and would therefore cost more. (15) However the
'Bogrd és on experiment is proposing to fit light grey insulators on a 7
mile éection of the LOOkV line that is ;bout to be constructed between
Bradford and Darwen, (16) shown on map 53. It will be inﬁerésting to see
whether this experiment brihgé any public response.

Another way of reducing the visual effect of insulators is to
reduce their bulk, either in number or size. Research has becen proceeding
with this objective, and the Board has recently announced {17) that
improved design and manufacture of both toughened glass and éﬁrcelain
insulators has enabled a single string of insulators to be used instead of
the double string on suspension towers, and the use of two sérings instead
of four strinés on tension towers.

One may optimistically hope that further developments in glass
and porcelain technology, with the added effect of colouring may eliminate
entirely 6ne of the minor but nevertheless significant usually discordant

elements of an overhead line. _ .

10.4 Colours of Transmission Towers

In any thorough investigation of the visual effects of transmission

lines the question of the colour of transmission towers must be considered.
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The Board is frequently asked to paint the towers in order to make them less
obtrusive. Such requests often originate either from landowners faced with
the prospects of having towers erected on their land, (18) or from 1d§a1
suthorities, (19) and amenity societies when they are cousidering the effec£
that an existing or proposed overhead line will have in their area. The

most frequent suggestion iz to paint the towers green. The argument advanced
is simply that as trees, shrubs and grass are generally green, a green object
in such a situation would be indistinguishablé. A typical request was made
by sbme residents at Aldridge near Birmingham affecfed by a tower route

i
whq’wrote to the Minister of Power urging aim to have the "pylons painted to

i

mgéch the green belt". (20) It would Sgem justified to examine carefully
vhy these requests arise, and any action the Board has taken to consider
them. It is known éhat at least three tower painting experiments have been
carried out by the Board in Hertfordshire, Monmouthshire, and Lancashire.

The first occurred sometime at the end of 1959 on four 85 foot
high towers on the 132kV ling between Oxford and Watford in the neighbourhood
of Rickmansworth apd Chenies. (21) The towers were carefully chosen for their
differing backgrounds against woods and hillsides, scrﬁb and arable.land.
Painting was completed in March, 1960, and the results were subsequently
studied in béph wiﬁter and summer settings. A different colcur scheme was
tried on each tower. One was an all-over painting in dark bronze green.,
Another was ;ainted similarly for the first LO feet of its height with
the remainder of the tower treazted in irregular patches of pink and blue.
A third was painted in all-over irregular patterns of black, bronze green
and pink, and the fourth black and green at the bottom with light blue and
éink above, .A matt paint was used throughout to avoid light reflection.

Both Sir Christopher Hinton, Chairman of the Generating Board,

and Sir Willian Holford, a part-time Member of the Board studied the résults.(22)
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It would seem that the major disadvantage, particularly in the case of the
towers which had been painted with a disruptive pattern, was that the
chang%ng conéitions of light and weather made ineffective any attempt at
all-o;t camocuflage. A téwer which was locst to view on an overcast day or
benea£h-broken clouds was said to show ué most markedly under a strong sun,
and that the.changing seasonal colours of the background had an equally
important effect. The tower painted black and green at the bottom with

light blue and pink above to merge with the sky, was reported to be almost

invisible from ralf a mile away in one direction but was conspicuous from

another. A similar freatment for another tower, which stood out if viewed
aééinst the light background of the trees néarby, was stated to be a perfect
métch with the dark woods when the viewboint was changed by a quarter of a
mile,

Sir Christorher Hinton made a reference to this tower painting
exéeriment in November 1959 when he addressed the Royal Society of Arts
on the subject of the electricity supply industry and visual amenity. (23)
He was of the opinion that the uncoloured steel lattice tower with the
mat£ finish of weathered galvanising was the least conspicous of all possible
outlines when seen against sky or hill. He said that this was particularly
s0 when compared with concrete towers, even though these might be cheaper
.to produde. Qhen painting becomes n;cessary, his own preference coincided
with that of the Council for the Preservation of Rural England and others,
which was for a light or medium grey or grey-green, depending on the.typé
of country through which the line runs. He thought that apple green, light
blue and white; which had all been tried, may have looked right in a few
situations, but not in this country with its ever-changing seasonal
variations of natural colour.

. The second tower painting exercise took place in South Wales
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vhere it has been observed that a few towers in the Severn Valley near to
" Whitson had been painted a silver grey colour, which distinguished them
from the usual dark grey colours of the adjoining iowers. It was noticeable
even on dull and cvercast days that the silver grey towers stood out from
the surroundingllandscape, and they appeared particulgrly conspicuous in
sunlight.

Another experimental painting had been carried cut in the area
of the virral Peninsular where several miles of 132kV towers had been
painted a light blue~-green colour. From a personal study of these towers
one:may concludé that in a very few cases, and for a short time when seen
against a blue sk& they appeared inconspicuous, but for the majority of
towers their rather 'pretty' colour tended th attract attention.

If it is intended fhat an object ghould be painted to make it
as inconspicuous as possibié, a general principle seemz to be that a
cplour should be selected to match the tone of the backgrouhd of the object
as seen from the principal viewpoint, and blue greys would mainly_be
usec¢ for objects seen against the sea or skyline. Dark colours will appear
as shadows in poor lighting conditions, and for objects at or near ground
level, black is often the most appropriate choice. The green colours seen
in nature are muted tones of infinite variety, broken up by the fcrm and
texiure of plants, and modified by light and shade, time of day, season and
distance., Painted surfaces are not affected in the same way and so remain
haré and flat, and therefore, seldom appears 'natural'. |

To apply these general principles to the question of tower
camouflage, and from observation of the experimental paintings the conclusion
to which one may come is that to achieve even partial success,- the Boafd would
have to treat each individual tower as a special subject. Even then the

constantly changing and infinite number of viewpoints from which towers may be
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seen would further complicate the problem. It also seems that the benefits
" to be thained from the only practical forms of camouflage are, in fact,
marginél due to the varying cénditions of light, viewpoint and seasonal
background,

! The Royal Fine Arts Commission have also been consulted on this
question, and they were of the opinion that it would be a mistake to lay
down any form of rule for the colour of towers as this should depend on
the type of country through which fhe line was to run.

TPe Council for the FPreservation of RurallEngland have also from

time to time shown an interest in this problem. (24) Mr. Peter Shepheard

a gandscape Architect of considerable experience in these matters reported
to the Executive Committee of the C.P.R.E. that he was firmly of the opinion
that the best colours for merging with the countryside are very dark and
neutral ones, and his own éhoice would be bronze gfeen, British Stgndard
Colour 4-051, or dark grey. However, he qualified this by adding that in
certain conditicns even that might prove to be too dark.

The cclouring of transmission towers was also raised in the House
of Commons in 1965 (25) when the Minister of Power was asked what experiments
had been carried out into the camouflaging of electricity pylons with a
view to lessening their adverse effect upon the beauty of the countryside;
and if he would make a statement on his conclusions that were so far available
to him,

The Parliémentary Secretary in replying said:=- -

"Experiments with camouflage painting in 1960 led to the

conclusion that, for the majority of conditions, the natural

grey of weathered galvanised steel rendered towers least

noticeable," :

Following # further question he added:-
"Various colours and combinations of colours were tried; but

- in the changing conditions none was successful in merging
towers intc their bhackgrounds. The Council for the Preservation
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of Rural England reached the same conclusion as the Central
Electricity Generating Board - that weathered grey or
- galvanised steel were the best to use."

It has been suggested (26) that the aluminium colour norimally
used is believed to have been chosen bymtﬁe Board partly on safety grounds,
because it makes the towers-visible to aircraft. It is rot théught that
there is much validity'in this suggestion as.the bright aluminium colour
of recently erected towers is the effect of newly galvanised steel which soon
weathers to a dull grey.

i More recently at the request of the Local Authority the Board has
éxp;essed its willingness to paint about 20 towers where the line crosses
the famous beauty spot of Barr Beacon Staffordshire in an attempt to make
them less conspicuous. The Board's Architect recommended that the towers
should be left unpainted as he did not think that painting them would
Zmprove their appearance of reduce their visibility. However, if the Local
Authority insisted that the towers should be painted he suggested blue=grey
as "this had some affinity with the sky background. (27)

The concensus of informed opinion would seem to be to leave towers
ip £heir natural stegligrey colour and, when repainting becomes necessary,
to use the British Standard dark bronze green No. 4.051 or a dark grey
British Standard colour No. 9.097, as recommended by the Council for the
Preservation of Rural England. (28)

From these experiments it appears that the Board's general policy
for the painting of towers in camouflage colours is to do nothing. The
effect of the weathered galvanised steel would seem to be considered the
most satisfactory for the majority of conditions, and any incidental rusting
merely.improves the caﬁouflage.

Repainting is however, necessary from time to time, which always

seems to be done in dark grey, hbut one would wish that a little more
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sensitivity could be shown by those responsible for arranging this work, so
thﬁt nminor changes in colour could be made to talkke account of the individual
situation of each tower. The public would thus be made aware that the Board
is conLerned with such matters, rather than leaving the impression that it
conduéts a few small experiments, as a result of the-pressure of public
opinién, in.grder to justify its action of repainting every tower in England
and VYales the same colour.

70.5 Conclusion

The erection of any proﬁinent structure is not simply a case for the
exﬁressiou bf personal taste but a public matter; the designer owes a definité
duty to the public which he must attempt to discharge. Most problems involving

/) _
st;uctures allow of alternative designs, all being equally suitable with
regard to strength.and stability, for achieving the stated object.

A structure which is aesthetically satisfying is not necessarily
more costly than one which is not, but the design often makes greater demands
upon thought and skill. In a country such as Great Britain so many develop-
ments make a more or less permanent alteratioﬁ to the skyline that the
Board should bz seen to give the design of its transmiésion towers the
greatest consideration.

The Board however has chosen to adopt the somewhat unusual method

of inviting tower designs from overhead line contractors. This procedure
in the normal manner of competitive tendering would tend to gmphasise the
aspect of lowest cost rather than the aesthetics of the resultant design.
The fact that these designs are subsequently approved by distinguished
architects and the Royal Fine Arts Commission may seem to imply that the
Board wishes to acquire an insurance against possible criticism rather than
a genuine desire to produce the most visually satisfying design.

A particular sclution will generally fit only one case, fequiring

qualities of judgement and discrimination on the part of the designer as well as
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the ability to accurately asses the individuval circumstances and an adequate
knowledge of structural design. Inspiration must pley its part, as most forms
cr shapes of aesthetic value result from the inspired conception of one
indiviéual.

f The view is generally held that aesthetic considerations are
inhsrent in the fundamental design of a project and cannot be delegated
without delegating the whole of the design. In the case of the Boards work
this rests primarily with engineers either to neglect or to cultivate this
asypect, whiph is fundamentally their responsibility.

IL is possible that a better tower design may have resulted if the
or?éinal brief had been given to an eminent architect and or structural
enéineer, and then the overhead line coﬂtracto;s be invited to tender for the

construction., The final test in any instance, however, must be the accepta=

bility or otherwise of the resultant design to the public.
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CHAPTER TEN
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11.1 Introduction

!
i

B {
. ! . . . o .
by Landscape Architects to express the function of creating landscape.

The word landscaping is used in the generslly accepted sense

Landscape a5 created by man in the confext of the Generating Board's
operations wmeans earth moving to create artificial ground shaping, and
grass seeding with tree and shrub plantlng. This activity done solely
for the purvose of protecting or improving the visual amenity of a
_locality hes a .direct effect on lard use. This chapier examines why
the Bbard'carry out landscaping, their wolicy towards this activity,
and a critical assessment of what has been done.

11,2 Obligation of the Board to Carry Out Landscaping

A

One might rezsonably ask, why should the Board concern itself

wvith landsca 01nb. It does so Tor two main rvusons:n
The first is =z statutory duty leaid upon the Board by the

provisions of the Electricity Act 1957, and also the Countryside Act

1968 In the case of the Electricity Act, Section 37 requires the

Board; ' _ :

WIn formulating or ccnsidering any proposals relating
to the functions of the Generating Boardeesecccesses
shall tale into account any effect which the proposals
would have on the natural beauty of the countryside
or on any such flora,fauna,features, buildings or
objects". (1) '
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The marginal note to this section in the Act refers to
"Preservation of Amenity'. This section is known generally as the

"Amenity Clause''s The more recent Countryside Act extends the

preservation of amenity required to 21l public bodies. (2) In this

.statéte the marginzl note refers to 'Conservation of Hatufal Bezuty!
wvhich perhaps makes a slight distinction betweeﬁ preservation and
conservation; but in the case of Electricity Supply Industry the
more recent Act merely reinforces the former obligation.

Tﬁe second reason for the Board carrying out landscaping

j .
schemes is because the Board is required to obtain planning permission

for its works, and in the majority of cases the Local Planning

t
ry

Ahthority imposes a landscaping condition upon the grant of consent.

Cne might well question whether the Board would carry out
landscaping for the first reason, if Planning Authorities did not
insist upon it, and it is a debatable point whether the Board would
be justifisd in carrying out more extensive landscaping than the
Plzaning Authority required, or to carry out any in those few cases
vhen the Planning Authority has not imposed a landscaping condition.
It is estimated that about 907 of all primary grid substations have
a planning permission requiring them to be landscaped, and it is now
proposed to consider what is the Board's atiitude towards this
obligation.

11.3 Board Policy on Landscaning

The Board frequently reiterates its concern for amenity and
mentions the apparent conflict between the éual statutory reguirements
of providing an economic supply of electricity ard the need to pay
regzrd to amenify. The Board rarely refers-to the contribution that
the Landgcape Architect can make to resolve this conflict, and to the

improvement of the visual ‘effect of its buildings and structures.
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In the C.E.G.B. 1961 Annual Report (3) the Board did have some comments

ct

that may fairly be regarded as a stutement of their general policy. The

Board, it said were continuing their efforts to preserve amenity; and

their concern found practical expression in personal inspections by

Boaré Members of actual or prospective construction sites and transmission
,
including lesrned end scientific bodies.

The Board sought to promote the highest étandarés of
grchitectufal and landscaping skill, but despite this the reaction
against théir development proposals had sometimes been as severe in
iﬁﬂustrial and semi-urban areas as in the more highly prized areas of
séaLic or scientific interest. The Board's architects and amenity
advisers offer early, continﬁous and informed advice on the siting and
design of proposed developmenf and on the visual elements both internal
and external which comprise it. Close co-operation has been established
between archaitsct and engineer in determiniug the shape and relationships
of buildings and plant and the general site layout; to achieve an
overall treatment of the site and its developunient as part of the
surrounding countryside within a single coherent scheme. The report
goes on to say that with sustained aesthetic effort from the begining
of the desigﬁé until the landscape architect finishes his contribution
to the completion of the station and its surroundings, the Board. hoped
to ensure that the mwodern power staticns in England and Wales would not
suffer in comparison with those of any other undertzking or country.
Although transmission lines and substations are not svecifically '

mentioned it may reasonably be assumed that the same Board policy

would apply.
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The Board's Chief Yayleave Officer recently said as much in a glossy

_ publizity bocklet when he wrote:- (&)

"The substations of the Grid system renge from 132
kV plant on peraaps half an acre of land to the
great 400 KV transforming =nd switching stations
cccupying, with landscaping 30 to 40 acres.
Architectural treatment at such substations is of
necessity confinsd to the design of structures eand
buildings and to the use of colour where this can
be helpful. Careful choice of site is, however,
all important and this is followed wthere necessary
by landscaping, embracing the creation of
rearthworks and tree plantiing which may, with the
co-operation of adjoining owners be off site. Such
work has already tsken place at many substation sites
but the full effect is not yet apparent. There is
‘little doubt, however, that in a few years there
will be abundant evidence that the care taken has
been rewarded."

e

He went on to szy that so far aé landscaping was concerned, in
comnon with other industrial undertaking, but on a vaster scale, the
Generating Board have become the modern patron of the landscaping art.
The great landowners of the eighteenth century employzd the founders
of the profession, William Kent, Capability Brown, Humphrey Repton and
their followers. Today, the Generating Board engrge practising
landscape architects of the first rank and a2 new philosophy cf landscave
design is emerging, often experimental, sometimes inspired but always
seeking a solution to complex prcblems.

. These rather poetical words should be received critically, but
by 196& some of the first results of landscaping began to be seen,

and it might seem that the Generating Board members themselves began

to appreciate the beneficial results of careful and skilled landscaping,
at the same time as an increasing public awareness. lr. Booth the

Board Member for engineering showed that he at least possessed én
appreciation of what the Board's landscape architects had been doing

in the field of primary transmission.
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He said, in a paper that he read to the Instituts of Electrical

nzineers, (5) that in his opinicn, which he believed was shared by

o

22}

some veople who were not engineers, that substution structures had

v

their own aesfhetic appeal. Furthermbra, he was now seeing the re;ulté
of the care taken in recent years to improve the 'trim' of substations
- in the design of buildings, surfaces, access roads, fenéing and so on.
Nevertheless, in beautiful country, with no other sign of indusiry,

the visual cembination of substation and terminal towers was still

a real problem in visual amenity. He considered that the careful
! i

I .

Fhoace of the site was all important, . and in this the C.E.G.3. are

'laégely devendent on the wishes of the vlanning authcrity. He went
onlto say that considerable landscape work was alsc being done to improve
the appearance of sites not naturally well screened. A detailed survey
is made of &ll existing trees and hedges on every new subsfation site,
and a2ll those worth keeping are moved to new positions before the main
consiruction work starts. Iandscaping schemes may involve counsiderable
ezrthrmoving operatiohs for ground modelling, as well as axtensive tree
and shrub planting, and offsite screen planting ié sometimes done with
the agreement and co-operation of the landowner. The Beard has used

.
the latest tecﬁniques for moving and plonting large trees to help
create & new But mature landscaps. The landscape architect worked as
part of a team with electrical and civil engineers in the planning
and corstruction of substations, and his special responsibility was to
advise on the overall visual effect. Ee also mentioned that the C.Z.G.3.

had a staff of 1andscape architects to undertake this work.
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Mr. Booth in his paper went onto say:-
"By far the best way to make a substation look
well in a landscape is to chcose the right place
dscapees If that can be done,much less
noney and agricultural land are needed for landscaoing.
Next time you visit one of the C.Z.G.B.'s recently
i commissioned substations T howe you will obzerve the
fruits of these efforts. Imagination will, of course,
! : be necesszary to see what the lamdscape architect is
driving at - when the trees and shrubs have growmn up.
To take just one exemple: Enderby, a 400 kV substation
near Leicester is very well sited, and the substation
structures themselves, the carefull.designed buildings,
surfeces and fencing, all related to each other in
i . colour and texture, plus some 'mounding! and some modest
: and judicious planting of trees, form a whole which is
| a credit to the C.E.G.B. and to the country from the
i aesthetic, 2s well as the technical, voint of view.,"

1

/ This then, so far as one can discover are the only official

stztements on the landscaping of the Boirds electricity substations.
Although these two statements indicate thai the Board is
concerned with lanuucﬁvlnb; they appear rather in the guise of good
public relations and seeém to express what they think the public wants
to hesr rather than the Board really feels. It is unlikely however
that the Board would declare itself against the need for landscaping,
but its lack of sustained comment onthis aspect of its respensibilities
might incline one to think that it is something that the Engineers-of
the Béard would prefer to relagate to a minor and insignificant role.
If the indications are that the Boards senior Enginears are more
concerned with engineering than amenity it may be worthwhile to.ezanine
how the Landscape Architects engzged upon this work see thé problem

in visual terms, and their design nnllosonhy for solving it.

11.4 The Board's landscaping design philosophy
The engineering of all the primary grid substations in England
end Vales is carried out by a Transuission Project Group of the Generating

Board whose offices are at Guildford in Surrey. (6)
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On the staff of this Group is a small team of Landscape Architects

whose specific task is the landscaping of these substztions. (7) In
18353 one of them read a parer to thz Institute of Landscape Architects,

(8) and it ic mainly om the besis of this that one has beein able to
examine how they desl with this or ole

Y Ky

Ternaps one should first consider what the vroblem is, at least

1 the broadest terms, in two ways.

Firstly by presenting a discordznt appearance, a complex of radiating

transmission lines creating o conrcatenation of wires, punctuated with
By _ .
eleclrical eguipment and siructures; and secondly by roise - from

transformers or z2ir blast circuit breskers. An assessment cf public

=

pinion expressed in the press and at public encuiries, together with
the type of conditions imposed oy Planning Authorities on substation

development, leads to the conciusion that, at present, concealment is
the preferred ireamtment for substations.

Cn this type of treatment Lord Holiford, {he part-time nembei cf
the Board for omenity, sounded a warning note, he said (9) there is
a 'Shoot- the-pianist' school of criticism which holids that the objects
themselves are hideous and irhuman, that no one should pretend they can
be made to conform to the humanist principles of architectural and land-
scape design, aﬁd that the only séiution is to-bury all turbines and
reactors, all switchgear and cables underground. He thought that this
attitude would he dissstrous. t would lower the standard of ap ppearance
of all new development, without any compensation in the shape of naster-
pieces of our cwn age to set heside those of the past. However, despite
this warning from Lord Holford, -it is unlikely in the foreseeable future
that substations and transmission towers will be regarded by the public as

such constructions of beauty, that they enhance the 1ocation in which they

are situated.
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A LOO kV substation will require a site nearly 400 yards
long by 220 yards wide vhich is, apvroximately 20 acres. This is the
net area, the wvhole of which, except for a 16C!' strip for a tower

o

reserve zlong cne side, would be enclosed by a security fence, and

occupied by electrical equipment supported on cencrete or steel structures,

’

]

the largest of which

rame @oout 70 feet high. The

tats
b

-~ b ~
.5 a ‘goal post!

3

terminal tcwers for this substation would be cbout 164 feet high. If

the subsi:tion is both transforming as well as switching a 275 kV

i compound requiring a net area of about seven acres would be constructed

/ .
2longside, The tall 'zoal post!' structures at this voltage are 51

feet high and the terminal towers zbout 1356 feet high., The 132 kV

substation by comparison is much smaller, only reguiring a net area
of about three acres, the tallest structures being 33 feet and the
towers about 89 feet high. One con readily appreciate that this complex
of electrical and c¢civil engineering at this lérge scale would not.be an
ez2sy problem to solve in landscapé terms.

A landscape schzne for such a substztion svolves Irom
consideration of the need for the scheme to be designed, the conditions
influencing or qualifying the need, and the designer's powers of

assessing and weighing up that need in relation to those conditions.

o

Iis function is a dual one and he approaches the problen firstly, as

vt

(]

a scientist, examining, analysing and weighing with factual accuracy
all the circumstances and conditions on the site, and secondly with
the creative power of the artist. The resultant design is determined

by'ﬁhe topographical factors such @5 the size and shape cf the site, and
its relationship to surrounding land, the climatic and geologiczl factors
such as temperature, wind, soil, aspect and noisture conditions, énd
also economic factors which include cost of construction and subsequent
maintenance; and income if it is'possible to return land to agriculture

or forestry.
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The Board'!s Landscape Architect has said that when he begins
to think aboul a landscaping scheme for a substotion, he first makes =
cezreful study of the site. He would note particularly the contours and
levels, in orésr to consider the finished substation level, also any
gradients, the amount of cut and fill recuired ond the quantity of
material svailable for ground shaping. He would presumably examine

the top soil and subsoil, its zcidity end alkalinity, itz fertility and
crumb structure in order to assess what prlants will grow. He would
note the existing vegetation, so as to assess what lrees are worth

retzining or capable of being tronsplanted, and see what plants are

thriving in order to determine the species for new planting. He
would also consider the aspect and pros;ect, to asszess those viewpoints
which are particularly vulnerable and where screening is necessary.

The Board's Landscape Architect sayz that he then designs his
landscape scheme to achieve four main objectives:-

Firstly, he attempts to integrate the substaﬁion iﬁto the
existing land forim 2nd landscape pattern. For this he may pronese
ground riodelling, so that the levels of the substation will appear to
flov naturally into the existing contours, and also tree planting in
hedgerows aroynd the substation and radiating from it. He nay
recomaend that the operational area of the substation should be surfaced
with a dark non-light reflecting material to minimise the contrast with
adjoining fields, and that the non-overational areas be surfaced with
grass or ground cover shrubs t0 break up the floor pattern of the
substation.

" Secondly, to brealk up the hard silhouette of the structures
snd associated electrical equipment. To achieve this he may propose
general tree planting, and }ecommend that all structures, plant and

buildings should be dark coloured in order that they may be recessive in

the landscape.(10)
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His third objective is to screen the_substation so fer as
practicable. from all public viewpoints. He endeavours to do this by
the construcfion of earth banks adjoining roads, and points of public

access, znd the reinforceing of existing hedgerows, with general tree
and hedgerow planting, in carefully selected positions,

To create a mors human environment within the substation
becomes his final objective. He hopes to do this by providing lawns,
and the planting of cornamental trees and shrubs, the use of patteried
pa¢ing, flower boxes, bollards, and attention to detail of other hard
.sufface areas. 1t would appear from = study of those landscaping
Schemes czrried out by the Board that the Landscape Architect also
considers three different areas of land associated with the substation,
each of which wsually requires a different form of treaiment.

The first category is land required for tree planting that
does not form part of the substation and which is not owned by the
Board. This may conveniently be described ez oif-site plarting_and
mey erise for several reasons, for example at the request of the
former owner of the land of the substation site for other land in his
ownarship. All off-site planting underteken by the Board would be
with the willing co-operatiocn of the landowher, and under these
circumstances the proposed planting may have to he modiiied to meet
the landowner's wishes, |

The second category consists of the area between the boundary
of the land the Borrd owns and the compound'security fence. This
is the area that forms the major part of the Landscape Architect's
proposals. The substation iteelf is usually level, but if the site is

on a slope then the substztion may require to be terraced.
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The disposal of any surplus material and the design of the
slopes vould have been carefully worked out witlh the Board's Civil Bagineer
to achieve the maximum lendscape advantaze. It is noted that planting

is generally of irregular groups of indigenous trees and shrubs. Formal

and exotic planting seems to be avoided, presumably bLecause it vould

tend to attract attention to the engireering intrusion into the

lJendscepe and nerely emphasise its presenca. Apparently there is no
restriction upon the positioning and type of tree that may be planted

adjoining the substation compound, except that generally five foot clear space

[

s left on the outside of the security fence for access and maintenance

of the fence. It is understood that trees having a leaf of greater
dimension thap six inches are avoidgd; because it is alleged that on a
wet windy day a number of leaves blew into a substation and stuck on to

a stack of insulators sufficient to cause a short circuit. Althoﬁgh it

is thought unlikely that a similar incident may recur, the Boardé engineers

3,

with perhaps en excess of caution are not willing to take the risk. It

1,

is not known however how rigidly this objection to six incﬁ leaves is
sustained. The Landscape Architect seems to avoid planting trees over
underground cables, but it is not quite clear whether this is to protect
the cable from mechanical damage by the roots of the trees, or to
safeguard the future of the trees, as cables may have to be excavated

at sometime or other for replacement or repair. It is observed that
trees are not usually planted under overhead lines, because a statutory
clearance must be maintained, however, it seems that if it is important
to plant_trees in such a situation, then an exception can be made and the

Landscape Architect selects a tree whose ultimate height would not bring

it within the prescribed distance of the conductior.




(11) No planting is done around the electrical eguipment. There are also
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The third category of land considered for amenity treatment is .
occupied by structures and electrical equipment, the ground surface
being usually gravel, shingle or stone chippings. The Landscape
Architect recommends that this hard surface chould be kept to a minimunm
and a local material used provided that it is fairly dark in colour.

sone small areas of land adjoining roads, plant and control buildings,

and in these situations some limited planting of small trees and shrubs

has been seen but the opportunities appear te be very restricted.
.

I / The Bosrd's Landscape Architect works principalliy in the two

i

medi.

i

of ground modelling and plants. The nodelling of the soil surface
being an important part of his design. Of the two materials, land and
vegetation, land comes first so far as construction is concerned, though
in the design they are considered in their relation to each other. Plants
and ground forms are complementary aspects of one sculptural whole -
neither alone can give the best results, and in planniﬁg the banks and
levels, and all the undulations of the ground ithe landscape designer
visnalizes these together.with the trees and shrubs which will clothe them.
The Landscape Architect says that in preparing his design he

tened slopes, rounded off at

Ao

endeavours to. obtain shallow slopes. Flat
shoulders and toes can be made less obvious, and smooth the substation
into the countryside, by generally helping to minimise the scarring
effect of the construction. Gang mowers and other grass cutting equipment
cannot usually be operated oﬁ slopes steeper than 1 in 3, so that the
extra cost of acquiring extra land might be offset in the long run by
savings in the meintenance costs., A flattened slope is preferred so

that any surplus land may be returned to beneficial agricultural use,

but from observation it seems that the restrictions of the siteloften

prelude the possibility of this happening
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The Board's Landsczpe Architect has said (12) that he considers

the uge of plants in two ways: for a specific purposze, ant then the

species appropriate to achieve that purpose. The purpose of planting

is a purt of the basic structure of the design, for screening, to

focalise the

view or angle of vision, to prevent soil eresion, to

stohilise banks, as wind brezks, and possibly in some small degree to

abzsorb roise., In nature, or in an agricultural lendscepe, plants are

usually massed in large grouvoes of all one kind, or composed of a fairly

limited association. The shapes of such natural groups are highly

S
|

I, . . . .
wariable according to circumstances of function, topography, and

are for that very reason interesting shapes. The same

system, applied in consciocus design, gives the best results, and although

it may limit the number of species used, it makes for a more satisfactory

landscaope scheme that a mere collection of horticuitural specimens.

To summarise, the Board's Landscape Architect deals with

[0]

eaclh new ¢

1.

2.

L.

5

ubstation in five phasesi-

An a2ssessment of the landscape, and a decision on the
relationship to it of the new structures.

An overall plan, firm in concept, yet flexible in detail

. showing the principles to attain this relationship. This

forms a framework to which any amendments are referred.
A continuing watching brief, during the whole of the

planning and civil and elgctrical construction periods.
The final landscape plan for execution when the work is
completed, or final plans for such parts of thw work as

can be executed from time to time.

‘Arrangements for maintenance.
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If landscaping for & substation is reguired, it is in effect,
an admission that the perfect site from a visval point of view has not
been selected. As perfection is unobtainable, every site requires some
1andscaping, to a greater or lesser degree. Vhen fhe.Board refers to
landscaping in this context it is used in the widest sense to include
ground modelling, and bold tree and shrub planting, designed with a
senzitive feeling for the existing land form and indigenous plant
rrowth, in order to mould the substation into the landscape and to create
thefvisual effect of forming part of it rather than an intrusion. The
Board's Landscape Architect's guiding principle for landscape design
for substations is not to attract attention to what has been done, but
to imitate those natural features to achieve as near as possible the
perfect site. The success of this work is indicated if the public is
not consciously aware either of the existence of a substati&n or that
any landscaping has been done.

11l.5 Landscaping cf Overhead Lines

So far the emphasis of this chapter has been'on the landscaping
of substations, and indeed the greater part of the Boérd's landscaping
effort and resources concerned with transmission is directed to this
purpcse. The overhead line network of the supergrid is however, far
nore conspicuous snd extensive than substations and one should therefore
discuss the possibility of ameliorating the visual effect of towers and
conductors by any of the techniques of landscaping. (13)

From time to time a suggestion is made; usually.in a letter to
a locﬁl paper, but sometimes by a local authority (14) that trees should

be planted to screen transmission towers.
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Typical of these suggestions is one recently noticed in a naticnal paper
which aslked:~
"hy can't trees of various types bhe planted at a suitable
distance either side of the pylons? In vears to come we would
have a glorious forest-like belt winding through our
countryside, and who could object to so bexu";ul a camcuflage?
When the supggestion is first considered it seems absurd to
expect 2 6 ft. high slender whip of a tree to mcreen a 164 Tt high steel
lattice tower, but on further reflection one may think the suggestion

justifies closer examination.
| A Land#cape Architect consideriang this problem wou}d not be
likely to plant a tree te sgreen a tower, but would probably plant trees
tc diffuse or cbscure a view fram any p:xrticuler position. For instance
a 6 ft. high hedge alongside a road may entirely screen the view from
travellers. There are rany instainces of a large tower sifed on the
bend of a road, which becomes the focus of the view from both dirc-.;ctionsa
A group of half a dozen semi-mature trees about 30 ft. high strategically
planted, would be sufficient to diffuse the silhouette of the.struc+"re of
a steel lattice tower with the twigs of the trees, and at the szme time
provide a better substitute for the focus of attention. lany more examples
could be used to mitié&te the worst visual effect of a transmission tower.
It seems that at the moment the Board considers only two
possibilities, either to construct a line overhead or by underground cable.
Generally speaking if the line is approved for overhead consfruction,
despite some objection, the wérk proceeds on this basis with the attitude
that the visual effect of the proposed line had been thoroughly considered
when determining the route and that any resulting detriment tp amenity is
the price to be paid for the benefit that electricity brings. It is not

suggested that landscaping is any substitute for poor line routing not

that it affects the basic issue of overhead versus underground.
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I+ is simply a case that when the Boaprd resolutely decides against
undergrounding, or where a Local Planning Authority reluctantly gives its
comsent to an overhead line it is offered some small consolation to lnow
that the Rozrd would be preparcd to take some active steps by landscaping
to soften the visual impact of the line.

The mechanics of such a proposal could be as follows:-

1. When the tower positions are known and the catenarys of the lines
worked cut, the landscape architect should make a cereful analysis
of the visual effect of each tower from all public and such private-
viewpoints as he may gain access. This analysis would include
both the immediate environs of the tower as well as its effect
in the distant view.

2. This amnalysis could he annctated on to ordnance sheets ai a
scale of 1:2500 and by plotting the levels znd contours, sections
coulé be drawn to show the line of visual cut off from selected

N

positions to the towers.

5. With this data a further inspection of the terrain should be
made to consider where the most effective planting could be
carried out, beering in nind land owner;hips and the effect any
planting may have on agriculture snd road safety.

L, From this information a schedule of tree species, number and
height could be prepared and estimates 6f cost obtained.

It would be expecied that from this preliminary study the
Landscape Architect would recomnend the planting of a single or group of_
large trees to screen a particularly conspicuous tower sited on a bend in
a road. Roadside and verge planting and reinforcing of hedgerows, as well
as some limited planting ig private properties to screen a conspiéuous

tower from one of the principal rooms of dwelling.
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In considering the landscape possibilities of screening an
overhead line it becomes apperent that there are certain legsl implications

and ihdterpretations that arise. There seems tc be four main issues:-

! Firstly, and as mentioned earlier under the provisions of the

Electricity Act and the Countryside Act the Board has a statuntory
obligation tc have regord to amenity, and this it may do in proposing the

route tiat incurs the least injury to amenity even though it may he niore

expensive. 1t may be argued that their obligation does not end there,

and that the additional expense for tree screening could well be interpreted as

coming within the meaning of the Acts. The Acts do not refer to

o%%ership of the amenity affected, but to the preservation of natural
beauty and amenity in general. The Board does not appear to digpute the
recquest to scroen its substations or-generating stations, and therefore it
would seem rezsonable to apply the same principle to an overhead line.

The second legzl consideration is that a lapdscaping condition
on & planning consent iz only enforceable if it refers to land in the a
applicant ownership. The Board generally does nct éwn the land on which
‘tovers are sited, ond therefore a 1land§caped' line is not appropriate to
a planning condition, and any attempt to do so would be ulira fires.

The third legal'aspect concerns the Board's powers to plant
trees., So far as can be discovered there iz no impediment to the Beard
pianting trees on somebody else's land subject, of course, to the
iandouners agreement. (15)

The fourth legal consideration that may influence the Board's
officers when contemplating trée planting to screen an overhead line is

the provision under various statutes of the powers that Local Authorities

have to plant trees. (16)

pemeem e




If the Local Authority elects to plant trees within iis area to screen

19

an ovarhead line, there seems to be no reason why if could not do so =t

its o?n cost. However if the recuest was made to the Board it is not
thought that &h “Board would not be under any legal impediment which
would pravent them reimbursing the cost. The Board is reported to have
said that money is available for limited schemes of this nature. (17)
Vhat iz the Board's attitude to the suggesiion of a landscaped
line? So far as one has been able to discover from printed sources they
have not expressed any, but it is coas1dcred that one could form a
fairly accurate opinion on what they might be. (13) The probable cost
landscaving a line could be about 53;500 a mile. A LO0 XV overhezd
line costs £65,000 per mile and to iandscape it would add a
the cost. At the présent time of severe restraint in capital
expenditure one would expect the Bozrd to resist this extra cost,

If 2 policy of lendscaping lines became widely adooted the

<k

Board nmay feel aporchensive that it would be swamped with requests to

carry cut tree plgnting in every garden in ingland and Wales from which
a2 tower may be seen. It may be ai&flcult to refuse =any bone fide case
once the policy'became universslly accepted, and the {inancial liability
for tree planting of existing lines may becone quite considerable. To
lendscape a line would reguire hundreds, possibly thousands of small
groups of tfees, scattered over a wide band of country. To conduct
negotiations and obtain agreement with so mény landowners, would present
ajor problem of administration, and more staff to do this work.

If Local Authorities exercised thelr compulscry powers to plant
trees to screen a line against an unwilling landovmner, it would be the

Board that would receive the brunt of any objection as it is their line

for which the tree planting would be required.
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The Board tries hard to obtain a favourable public image, and these
objections would not help, ant the Board would therefore tend to discourage
a Local Authority from exercising these powers in such a casec.
Similarly the Beard is not likely to encourage Loczl Authorities
o mzke Tree Preservation Crders on existing trees that screen & line,
T.2.Cc is normally made if tress ore likely to be felled, znd the

Board would not wish a T.P.0. to be made against an unwilling landowner.

a

Of the eight and a half thousand miles of line operated, and

over forty-nine thousand towers maintained by the Board there is only

|

‘one instznce on record of the Board offering, instead of being asked to

R

plant trees to screen a line (19). Thi§ was the case of the 40C kV

line from Cowley near Oxford to Fleet in Hampshife where it was routed

to run alongside the Thames between Cholsey and Moulsford., It is not
known whether this offer was taken up, but the towers have been recently
erected and there is no sign yet of any tree nlanting.

There are also helieved to be one or two instances when tree
planting has taken place to screen a tower on the land of the person who
was called upon to grant a wayleave for the erection of a tower. Tt is

- thought that these exceptions would have resuited from a request by the
landowner as part of the negotiations fer the wayieave., It is possible

“that there may also be cases of tree planting to screen a tower on land,

which is not affected by a wayleave, but done as a gesture, and not as

(o7

an obligation by the Board, for the benefit of a person who has objecte
stfonglﬁ and vehemently encugh to force the Boardfs attention to the
cause of complaint. It has not been possible to find any published
references to tree planting for thi é purpose, possibly because the
Board would not wish to increase the number of such requests whicﬁ would

simply make its job of wa y1eav1ng and conutructlnp overhead lines that

more difficult.
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A instance which may help to show the nossible attitude of local
authorities towards a landscaped line occurred when the Board had extended

discussions with Horsham Rural District Council on their sugge tion that

the Board should carry out tree planting tc screen that part of the 400 kV

overh2ad line from Bolney to Lovedean that passes through the Fural District

Following an approach by the writer the Clerk of the R.D.C, wrote as
follows:= (20)

"After very careful examination of the route and
consideration of representations made by the Council's
i ! officers for crouws of trees to be planted near the roadside
| / areas to which the public have recourse, so as to screen
oy the long end-on views of pylons, which were particularly
4 obtrusive, the Bozrd stated thot unless it would be
; demonstrated that well-known beauty spots or views were
being interfered with by the pylons, they would not be
prepared to spend further public rionies on such & vrojecte.
Indeed, they did state that there were no such well-known
vieus or vistas along the section of the route in this
Rural District and my Council were not able to persuade
them otherwise,

Another factor was the difficulty in obtaining some
security of tenwre over the land on which the tress were to
be planted 2nd tihe making of satisfazctory arrangements for
their maintenance ond upktesp so that they Wecame nroperly
established. The Board 4id make the woint that they had
spent & considerable zmount of wmoney on amenity provision
and indeed six million pounds had been spent by the Board
during the yezr ending Morch 1967, along their main pylon

routes throughout the country.

¢

‘One of the major consideraztions in the Council's mind in
deciding to take no further action to screen the route was
that interference had already been caused by the work of
erecting the pylons and conductiors theuselves =nd it was
unlikely that their co-operation would be forthcoming to
allow further work to be done in the matter of landscaping.
However, this does not meaen, of course, that lundowners
will not themselves Je : to carry out long-term trec-
planting if they sc desire, but nothing is being foisted upon
them officially, as 1t were, and neither are orders being
made for the preservation of existing woodland or groups oI
trees, which help to screen the pyions, which would have
been a corollary to any further tree-planting.”
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One can now readily appreciate some of the difficulties involved
if it were advocated to carry out tree planting to screen all the Board's
towers, or even those in protected arcas of lundscape of National Purks,
Areas of Outstanding lational Beauty and Areas of Special Scientific
Interest. However, there are some situvations of exceptional sighificance

wnere the Board chould at least ve prepared to cffer te carry out

planting to screen particularly obtrusive towers, for example; in the
setting of a bulldnl listed a3 being of historisal or architectural
interest, or ancient rionuments cpen to the public. Similarly, at well
kno;n much frequented beauty spots, or those that enjoy broaa panoramic
views of umspoilt country, or in u]tu tlons where the towers overshadow,
and destroy the scale and setting of afparticularly attractive village
group'of dwellings. Hany.more situations of similar cuality will
conme to mind, hut there is no doubt that skilful and sensitive tree
.planting could greatly reduce the visuzl impact of towers in these
situations. One would wish that the Board would be prepared to make a
policy statement of its willinguess to carry out tree planting for screen-

lar Cl“bhmot ences and also to pul forward the idea of a

§de

ing in such sim
1lzndscaped line' as a third alterrative in the overhead versus underground
controversy.

11.6 The Bozrd's Landscaping Commitment

This chapter has so far.conandered vy the Board is obliged
to carry ovt landscaping, and has also zttempted to set out what the
Board has declared to be its policy, and in some detail what their
Landscape Architects have said to be their task and design philosopy in

designing landscape schemes.
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It would now seem relevant to quantify this commitment, and to try and

form some assessment of what this meazns in terms of total acreage and

From a study of the Bocard's transmission system it has been
czlculated that there are about 125 existing and proposed primsry
&00/275 kV substation sites in Ingland and Wales. OFf this nwiber it is
imated that about 110 would be lahdscaped as a condition imposed upon the
JﬁArd by the Local Plamning Authorities. A samuple selection of two dozen
sites susgests that on average about 20 acres of land would be used for
lgfd501ning at each substation site. This would represent a total
léndqcaped arez of zvout 2,200 acres, in hundreds of relatively small
pﬁrcels of a couple cf acres of mainly grassland and woodland throughout
the whole of England and Vales,

An atteript has been made to find out the actual and estimated
cost to the Board for landscoping its substation sites, but the information
iz noi readily available. Appendix H lists all the published references
to substation landscaéing one has éeen able to Tlnd in respect of only

twenty two sites. In only seven-cases were the total cost of landscaping

given, as follows:-

Birkenhead 225,000
Bredbury £32,000
Burton Green £80,000
Oldbury mlO0,000
Penwortham £60,000
South Bucks £25,000
Wymondley £100,000
The average landscaping cost of these seven cites is approximately

£60,000 and the total cost of these sites varies from £2.5 m to £7 me It
would seem that landscaping accounts for between L.Sﬁ and less th;n 185

of Lne tothl coest of a scheme. It has been reported that during the period
196367 the Board spent £250,000 on substation-landscaping (21), and for

the five years between 1963.68 this expenditure for the placing of landscape

controcts. had incremsed to nearly £400,000 (22)
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It is not stated how many substation sites or schemes this represents, but
on the basis of the piven estimated toital expendiiure on landscaping one might
expect about 5% schemez to have been completed,

It has alsoc been stnted by the Board that the total cost of
landscaping all their primary substations sites would be about £1,500,000
(23). The average expenditure in each site would therefore seem to te
in the order of £12,000. Later in this chapter an attempt will be made
to wssess how for this expenditure on these schemes has achieved its
bJFCthG, but it is now intended to examine the Board's published

J
! (I -
roposals for future landscaping ucnene; and to consider whether they make

-a posinive contribution to amenity and the effect if eny they may have on

11.7 Hvidence of 1 dscape prornosals given at public inguiries

From time to time the Eoard is faced with a public inquiry, as a

Q.

result of objection to a proposed substation and at these inquiries it

Board to produce their landscape proposals for the
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avpéal site and to call their Landscape Architect to explain the schene
and lo be cross examined.
It would be reasonable to assume that the evidence given by a
Board witness at a public inquiry is the policy of the Board which he rerresents.
The landsc plné proposals he puts forward must similarly be regarded
the extent of landscaping which the Board regards as appropriate and
reasonable in any specific case, to meet its statutéry recuirement to pay

due regzrd to amenity. It is provosed to extract the relevant evidence

from three recent public inguiries, in order to gain a better anaerst:ndlng

of how the Board meets this obligation,.
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shown on the - accompanying
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map, is situated near the village of Wymondley two miles south of Hitchin
in Hertfordshire. It was near to this pleasant village that the Board
wished to establish a major 400 kV substation as part of its plan to
rrovide electrical reinforcement to the London are:.

The site was situated in the extended Metropolitan Green Belt
and partly because of this, and its proximity to the village it aroused
considerable local opposition and a public inquiry was held. (24)

Thié received not only considerable local but also national press coveraze
énd the high cost of the Boazrd's landscaping proposals bescame one of the
ﬁain points that received considerable comment. (25)

The Board's landscape witness said that the Board had a
statutory ohlipgation to pay regard to amenity and was therefore willing
to spend money to achieve a satisfactory solution to the problem of

L1

siting this large engineering development in a rural srea. The Beard

proposed to lower the substaticn-floor as much as possible, znd to use the
excavated material to form screeniqg banks. It was expected that over
600,000 cubic yards of material would be moved in this operation. The
total cost of the ground mcdelling and landscaping would be zbout £100,000.
This included for rlanting about 1,000 trees =md 9,000 hedgerow plants.

In order to show these landscaping proposals in detail a model
had béen prepared by the Board which was exhibited at the inquiry.
Drawings were alsoc handed to oﬁjectors and the inspector, a copy of which

-

ncluded in drawing no. 6. As an observer at this inquiry one came

e

is
awvay with the impression that even the objectors had to reluctantly

ackncizledge that, although they still vigorously oppesed the substation, the
proposed landscaping if carried out would effectively screen the éubstations

from most viewpoints,
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The Minister of Housing and Local Government rejected this appeal
and et a subsequent hearing {26) for an alternative site at Botany Bay
near Veston in Hertforshire the Board's landscape witness said that the
landscaping of this alternative site would cost £65,000. (27) As in the
former case the landséaping proposals were illustrated by a model and
drawvings, and the effectiveness of the screening seems: to have depended
upon careful siting between existing woodlands, and linking them with new
planting, rather that by extensive earth ﬁoving. This is illustrated in
the! accompanying photograph and drawing no. 7.

; The Hinister subsequently approved the orizinal site at
Vlymondley, and in his report (28) said that the loss of visual amenity
would be minimal because of the extensive landscaping.works proposed by

the Board. (29)

Landscaping for Burton Green Substation

Burton Green Substation is situated five miles south west of the

centre of Coventry in the County of Werwickshire and is the Covenfry
Green Belt. Because of stropg local opposition the Minister of Power
and the Minister of Housing and Local Goveriment held a joint inquiry. (30)
The landscepe witness for the Board said that-the Board was
anxious to minimise the visual aifect of a substation on this site,; and
with this objective in mind he.had prepared a landscaping scheme. He said
‘thét the object of the landscaping scheme was not necessgrily 10 ensure
that no part of the substation could ever be seen from any possible
viewpoint, but rather to take advantage of the existing contoufs and shape
them so that augmented with judicious indizgenous planting, the substation
would "fit_into" the landSCape; The Landscape Architect drew atéention
to a landscape model of the site that he had had pade to illustrate his
proposals, and he also hanéed in to the Inspector and had circulated to

the public z plen of his landscape scheme,
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This plan is included as Drawing No. 8. 1In e#plaining'his proposals

the Landscape Architect said that the ground modelling extending to

30 ft. high along the west side of Hodgetts Lane would be skilfully
shaped to provide visual interest and had been designed to flow into the
existing contours in order to give as natural an appearance as possihle.
The nounds would bhe grassed znd planted with indigenous trees and shrubs,
and the tree groups would be carried over the top of the mounds to give
an interesting ékyline and to achieve the maximum screening effect. Along
the cart track on the northern boundary of the site all existing trees
and hedgzes which'did not interfere with line clearances would bhe retained
Eand reinforced. In order to obtain the maeximum screening to Hodgett's
Lane on the east end of the site the suéstation compounds were foved as
far as practicable towards the railway line, nevertheless some tree
planting was proposed aleng this boundary to reinforce the existing tree
screen between the railway and Hob Lane. To complete the screeniné of

the site a wide block of trees were proposed along the south east boundary.

ith the assistance of the landscape model the witness went on to explain-
that the road into the substation had been curved so that the view into
the substation would be substantially concealed with ground modelling
and trce planting. The car park would alsc be screened from the éntrance
by 2 wide jsland of grass, on which it was hoped to retain the existing
trees, and to reinforce them with new shrub and tree plaﬂting. The
Board was also prepared to include some semi-mature trees in its
léndscaping séheme, in carefully selected positions where an immediate
and substential tree screen was required.

In referriﬁg to the phasing of the scheme the iandscape érchitect
said that the Board was ﬁrepared to carry out 2ll the ground modelling as

part of the main civil works at the first stage of construction.
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Physical screening of the site would therefore be effective from the

very beginning. Seeding of the new land form would be undertaken fairly

L
zscon after the completion of the earth moving operations, and thus the
main visuzal effect of the development would be hidden whilst the cons Lrucc1on

!
and installation of equipment continued. He intended to carry out the
tree planting during the first plenting ssason following the completion
of the civil and electrical works. A survey of all existing trees on

the site would be made, and all trees worth retzininz would be moved to

new and perncnent positions on the site before the start of the main

c%vil yOrls . The Board vere ous to ensure that only the minimum area
of land was taken out of beneficial agriculuuﬁul use, and yith this in

nind the laadscaping scheme would vrovide where possible, suitable areas

Tcr srazing ond the Board would endeavour to find a tenant for these
U

~t

\reas .
The witness then went on to explain that he was not able to
determine with absolute certazinty the extent to which the proposed

substation would be seen from any dwelling without entering, but

\'I

that he had formed 2 judgement by csreful study of the topography,
vegetation and location of each property. Ee then géve his c¢pinion hew
the nearby dwellings would be likely to be affected, and how the
landscaping scheme had bzen desigmed Lo take this into account.

During the courze of the inquiry reference wvas made to a critism
rnale by the Warwichshire Branch of the C.P.R.Z. to the Minister of Power
of the Board's failure to carry out landsceping when they wfote:-

"In the Midlands areca no real efforts have been made by
the C.E.G.3, in the past ton landscape installations to

minimlue the effects of such stations on the surrounding
areas;,ﬂl..l.c.........l'
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In rebutting this statement the Board's Landscape Architect said

that every primary grid substation in the hlﬂlwnds had a landscaping

()

condition imposed in the grant of conzsent. The Bozard had, or was in the

with these conditions, and had recently completed

process of complying

andecaping at Coventry and Kitwell subsiations; and were currently
engaged on schemes at Willington, Enderby and Bustieholme. Plunz were
also in preparation for three more substationse.

The witness was not hard pressed under cross examination but

a few questions were put by objectors mainly to obtain confirmation of

- @

the Board's proposals is so far as it affected their property. The
general feelinpg seemed to be that if the substation had to go there,

then the proposed landscaping appeared feir and reasonable and no

person present at the inquiry suggested that it should be more extensive,
or be modified in any significant way.

The Ministry of Housing and Local Governmeni inspector in his
report Jound as a matter of fact:-

", .eceambitious landscaping proposals which would go far
to screen it fully at normal eye-level are am integral part
of the intended development."

The inspector appointed by the Minister of Power in his conclusions
wrote:s~ (32)

"Of the residents in the area, T was satisfied that the
Board's proposals for landscoping were such that their
amenities would not be unduly affected and consequently there
would be no aprreciable deterioration in their property
values'.

The Ministers allowed the appeal subject to the condition that
the details of the landscaping and planting shall be substantially in
accordance with the drawings submitted at the inquiry. (33) It may
r,“son“bly be assumed that the extent of landscap the Board vroposed
meets the standard required by the Ministry, which one may consider as
the final arbiter of what paying due regard to amenity means in practical

terms for a specific site. : /Landscaping
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Landscaring for South Bucks Substztion

Hop ond is a small hanldet of h a dozen housss, situated about

orie and half miles due west of Amersham. It was close to this hamlet

™

that the Board wished to construct a major 400 kV substation, The
Provosed site was situated in the recently confirmed Chiltern Area cof

Outstanding Natural Beauty and s might be expected was subjected to

& 4
considerable objection, and therefore became the subject of a Ministerial
public inguiry. (34)

Following evidence on the electrical and civil engineering aspects

f

| _

off%he scheme the Boards Landscope Architect handed in drawings of his
_I

nrono sals for this sile one of which is inecluded as Draving 9« . He

explained that the proposed substation site had been carefully positioned
to tzke adventage of the screening afforded by the existing woodlands,

The landscaping scheme had been designed not necessarily to ensure that

no part of the substation could ever be seen from any nossible viewpoint,

(o]

but rather to take advantage of the existing contours and shape them so

that augnented with judicious indigenous planting the substation would

fit into' the landscape. The substation structures which are 70 ft. high
would be coloured grey to make them recessive in the landscape, would only
be seen against a back iground of trees, and he contended that on this
account they would not be obtrusive. He did however agrece under cross
examination that the terminal towers would be conspicuous, and that the
landscaping proposed vwould do little if anything to screen them.

The landscape witness went on to say that he estimated the cos

of landscape works involving tree and shrub planting, seeding and other
horticultural operations would cost approx1nauely £25,000. He also
offered to carry out tree and shrud plaﬁting on private property at the

request of the owmner if it genuinely helped to screen a view of the

substation.
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that thousands of people living nexxby at Amersham would be asking
lented in their gardens. The witness replied that he
would' be happy to oblige in any hone fide case, but his experience was

! _
that not vary many peovle would take up this offer. The witness zlso

sy
said that he intended to arrange for the transplanting of about 300
to 400 semi-mature beech trees which were already on the site, to
temporary positions whilst constiruction was in progress, and then
revlant them in permanent positions to screen the substation. Huch
doubt was reised by the objectors wihether this operation would be

successful and it was stated by an expert witness for the objectors

emi-mature trees would not survive transplanting.
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The Bozrd's witness under cross examination said that since 1962 he had
been responsible for moving about 700 seni-mature trees between 20
to %0 fte high of which 90% had survived. The Beard had also plantad
cver hulf a million tr:zes and shrubs, and spent over a quarter of a
million nounds on laendscaping schemes for similar substation sites.

It is of interest to find out what effect this evidence had

upon the Ministry of Power Insnector. A reading of his report indicates

that he accepted the Board's contention that the site was naturally well
screened =nd that the proposed landscaping would be sufficient to make tie
substation visuvally acceptable. To cguote his own words:=-

"In my opinion the lavout of the proposed subsiation at
Fop BEnd with its naturally well-wooded surrounding is such
"that the structures of the substation should ve well

idden from genernl view. Given proper and sufficient
landscape treatment, it should be sufficiently well
screened, except from certain very local and limited
view points, to nake the site acceptable in this area from
a visual amenity aspect. I have no doubt that the Board
would do their -utmost to carry out the landscnrlnw in
accordance with their recommendations and the undertakings
given." '
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It is now two years since this inquiry and the Minister's
ce CloJOH is still awaited.

he

ot

? This brief review of the landscaping evidence presented. by
Board at three recent public inquiries shows that when hard pressed the

erd is prepared to carry out very substantial landscaping schemes.

t'7

It is however a matter of speculation whether the landscaping proposed

by the EBoard for any specific site would be the same whether there was public

objection to the development or not. There is not sufficient evidence

to substantiate the frequently wvoiced opinion that the greater the
:j '
oppesition to the Board's proposzls, the greater is the landscaping effort.

Certainly the instinces guoted represent very substantial and costly
LmﬂdoCﬂP‘ﬁU, but of the sites one may see asround the.country, very few
appear to come anywiere near the comprehensive schenes pu£ forward at
puhlic inguiries.

A

11.8 Critical Aszessnent

o)

f Landscaning Schenies Carried Out

)

Occasionally the Board puvlishes details and illustrations of.
some of the landscaping sch emes that have been completed on substation
sites. This has presented the opportunity to identify the sites and in
some instances have enabled them to be visited which is essential if aug
critical assessment is to be made.

One of the first major landscaping schemes which included
extensive earth moving was at Kitwell substation on the south west side
of Birminghom. So fzr as is lnown, prior to this schene in'1963, earth
moving, shaping and sround modelling had not been seriously considered as
a mesns of screening substations. In this case however the site immediately
adjoined an housing estate, a2 proposed public open space, near to the

projected'HS motorway and was partly within the Warwickshire Green Belt.



The two local authorities; Birmingham City Council and Warwickshire County
Council were particularly concerned of fthe visual effect of such a substation

in this situation. There is little doubt that the local suthoritie

0

insisted that the Board should under‘ake-extensive 1andscaping before they
vere prepared to approve the site., Drawing no. 10 shows the landscape
scheme (36) as implemented, and is illustrated by the accompanying
photograpn (37).

From a recent visit to this sile one cannol help but be impressed
by the extent of the grand moaolllnr and how effective it is in screening
this subs ation; As far as one has been able to find out no costs fer
the amenity treatment and landscaping of this site has yet heen publlahcd
but a quick estimate wou’d indicate that it would be in the order cf tens
of thousends of poundgs.

Since the Kitwell scheme in 1963 the Board has adopted major
sround rnodelling a5 a method of gquiclk and permanent screeniné on at least
thirteen sites (38). From a visit to these sites il is thought that not
in every case was the ground modelling motivated by a ieéire to provide |
screening, but sometimes as a convenient way to dispose of surplus material
resulting from the formation of a level substation zrea. I% would seem
particularly apoarent in those instances when the amount of material
desposited has not been shaped sympathetically to flow into the existing
land form and appezrs rather obviously as an eurth bank. If the Board
has surplus material to dispose of, it is more. cconomical to purchase
a few acres of sgricultural land and use it as a tip rather than incur the
cost of carting it away. If this tipping of surplus material is
sensitively done and provides screening where it is necessary, such
expediency can be justified on the ground that.it protects visual -

amenity.
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Please turn over for:-

Map 57. Showing the location of Kitwell substation in Worcestershire.
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The following series of photographs of substations at Boluney,

Coventry, liurst, Lovedean, and Ninfield, illustrate the different ways

1

in which grend modelling and earth shaping, with and without *tree planting

L

1

can forwm an important part of the landscaping of a site,

The principle means of screening a substation is by tree planting, and
every subs tation - site landscaped had been extensively planted with trees,

Occasionally semi-mature trees had been planted, but it seens i,t the
adventaces hoved for by using larger trees were frequently frustrated by

losses caused by lack of attention to staking, tylnr, 1nd watering during

it appezrs trat the Board has spent, and is committed to spending
one and a half million pounds over & period of ten years on landscaping

operations consisting mainly of land reinstateument, grass seeding and the

extensive planting of thousands of trees zmd shrubs (39).Landscaping, as

(4]

any other form of capital squipment, must be uaintained oroperly if th
capital expended is to be justified and the purpose achieved.

The Landscape Architect desigrs a scheme having in his mind the
long term effect he wishes to achieve. This result cannot be atizined
unless it is properly maintoined in accordance with good horticuliura
arnd @rboricultural practice. It is not expected that the Landscap
Architect would cease to be interested in the growth of his scheme once
the contract was finished, but that he should maintain a2 continuing
interest thereafter. Similarly the person responsible for éupervising
londsca pe nalnuen;nCﬂ in order to carry out his job effectively must be
awvare of the long term design objectives. Thus those two spheres of

activity must be equal and complementary if the end result is to be

satisfactory.
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The Landscape Architect is designing a scheme would be

1

mindful of the manner in wihich it would reguire to be wmaintained, snd

LY

in the case of schemes prepared for the screening of svbstations

cconcmy ond ease of maintenance would be niajor considerztions. A
landszcune scheme is designed however to meet certain visual amenii;

Fa

‘eguirements, to screen certain viewpoints, to provide a bhuckground to

—

a substation to prevent it appearing on the slyline and so on. Such
a lemdacape scaens noy be limited Ly the area of land aveilable
gromnd modelling. The primary ourpose of a landscape scheme is not
fthﬁrefore to design it specifically for ease of maintenance, but to
grcate an external enviromaent that
all those using and seeing the substetions The landscane designsr is
fully avare of the nced for esse of maintenance but the main

to ke compromised because of these cther over-

[*2 %

reguirements have often

-~

riding considerations. Fopr instence, it is desirable for e:

o refurn land to agriculture tc have screening

ot

naintenaiice or in ordar

banlzs at & shallow gradient, and for a given height this will require

2 certain avea of land, out if for other reasons, such as an unwilli:
vendor or the rossibility of having to make « Compulsory Purchzse Crder,

The increased cost of subsecuent

o
[f%]
(]
fo-H
o
0
[*2
(0]
ot
3
o]
3

the slones may
naintenance is the cost penaliy the 30avd has to bear beczuse of these
other factors which tend to become forgotten and perlaj

or eppreciated by the public or the person responsible for subseguent

eC

naintenance.
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One should =lweys remember that from the Board's point of view

<t

tha elec

w

ical recuirements are the most important consideration, There

vould be no need for the londscaping if it were not for the substation, and

a substation iz not 2 once and for all exercise, but is subject to continual

alteration, beth to the eouinment and the overhead line cc nne >ctions. Aoy

.

landscape desipner should always bear in mind that his scheme may be subject

to major alterations at any time, herefore what is at first conceived as

a schene of mininum maintenance may over the yecuars tuen out to be costly

!
in mzintenance because of tile alterstions necessitated by the changed

elecirical recuirements. For example, a double circuit 400 LV cable iaid
will cost something asbout £500 per yardy and any potential saving in

1S A

landscape maintenance costs would be absurd if it recuired any lengtheniag

{

" of such a cable. So whai often appears on the face of it tc be bad landscape
design resulting in costly londscape maintenance i$ generally th
of cver~riding electrical requirecnents.

‘As part of this study the general appeasvrance of the Dozxd's

substations was specially observed. In the majority of cases it was

o« HNone of those visited could be described as excellent,

[N

isanpointin

(o]

one or twb achieved the stindard one should expect from a responsible
national autnO“lty, the majority were bad, and some were a cdisgrace to
those responsible for their care. On every site thnere werec dead or dying
trees, badly stalked or guyed, shrub bordérs overgrown with weeds, uncut
grass, and considerable quantities or rubbish which seemed in most cases
to be the residue from the construction of the substation.
11.10 Conclusion

The beginning of this chapter attempted to explain why the

Board carried out landscaping, and its officially declared policy.
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It is wnfortunate that the only authorative source of information on
the Board's landscaping propozals seen to be given somewhat reluctantly at
publﬂc inguiries, and because of this there is a danger that they nay
not ﬁe truly representative of the general standard the Board adopts.

i :

! To judge the Board by its results seems to indicafs at least
to one investigator, that it fzils to achieve what it.is statutorily
obligsd to do, &and seys what it is prepared to do. One might conclude
that the Generating BDoord which of its very nature is essentially an

engineering orgunisation, rays lip service to have regurd to emenity,

but dees not really care, nor is prepsred to set up the machinery to

look after the considerable acreage of lznd which it hes landscaped at
sc great a coste The Board 'is failing in this aspect of its statutory

duty and it is incumbent upon the public by representation to the Boeard

@nd through Puriioment to remind it of its responsibility and to be

-

vigilant to see that the Board carries out its obligotion in the spirit

as well =5 the letiver of the law,.
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Appendix A

Animual Total TLength of Main Transmigsion Iines in Service

hCO KV 275 kV 132 kY
fear Ending Route Percentace Route Percentage Route Yercentage
¥iles |~ 5 Milesy S M Miles | RS
Korch 1949 Nil Nil | Nil Nil 3,699 -
" 50 o " L " 3,753 +1k4,6
no 51 " " " 4,037 | + 7.6
" 52 " " " " 4,105 + 1.7
" n 5% " " Ly 1 Lyazh | o+ 1,7
" 5l L " 161 +292.7 hb56 | o+ 7.7
" 55 " " 325 +101.8 L, 75k + 5.7
L 56 " " " LEL + b2,7 L, 354 - 8.&
" 57 " n 557 + 20,0 h,Lboh i 3e2
" 58 " " 726 + 30.3 L, 81h + 7.1
" 59 " " 926 + 27.5 5,050 + b9
" 60 " " 1,216 + k2.1 5,361, + 642
" 61 " n 1,488 + 13.1 5,734 + 6,9
" 62 " " 1,687 | -+ 13.4 5,878 + 245
" 63 n " 1,352 + 9.8 6,035 + 249
" 64 " " 1,915 + 3.b 6,183 r 2ol
" 65 " " 2,023 + 5.6 6,492 + 5,0
"o 66 203 v 11,997 - 1.3 {6,850 | + 5.k
" 67 827 +307.4 1,975 - 1.1 6,773 - 1.0
" 68 1,296 + 56.7 1,648 ~-16.6 -] 6,694 - 1.2
Notes: l. Figures for route miles'obtainéd from Annual Reports of

British Electricity Authority, Central Electricity Authority,
of Central Electricity Generating Board as appropriate.

2. The Electricity Supply industry was nationalised on
April lst 1948 and the earliest national statistics available :
are those for the year ending 31st March 1949,

3« All figures give mileage of line according to the type of
construction of line which is not necessarily operating
at the stated voltage.

b, All figures are inclusive of overhead and underground lines.
5. All figures have been rounded off to the nearest whole number.

6. Percentage is increase or decrease over previous year.
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Anmwal Cepital Exvenditure on Main Transmission in £million

Notes:

Year ending £ million Percentage
March 1649 £11.5 -
50 £15.784 +37e3
51 £24.0 +52.1
52 £23.0 - 12
53 £30.0 +30.4
5k £20.0 ~3%.3
55 £2h.9 +2h,.5
56 £32.6 +3C,9
57 £%6.7- +12.6
58 £32.0 -12.8
59 £21.0 - 3,1
60 £35.1 +13.2
61 £31.2 -11.1
62 gh1.2 +32.1
63 £56.7 +37.6
64 £76.4 +34,7
65 £106.1 +38.9
66 £130.9 +23 .4
67 £162.8 +2h b
68 £151.3 = 7.1

1. TFigures of expenditure obtained from the Annual
Reports of the British Electricity Authority, Central
Electricity Authority, or Central Electricity Generating
Board as approypriate. '

2. The Electricity Supply industry was nationalised on
April lst, 1968 and the national statistics availatle are
those for the year ending 31lst March, 1949,

'3, This expenditure refers to both grid and supergrid

transmission.

L, Percentage is increase or decrease over pravious year.
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Progresaive annual lensth of Main Cables in Service

oo kv 275 kv . 132 kV
Yezr Ending - N

ar Shding Route Circuit § Route Circuit Route Circuit
Hiles Miles bMiles Miles ¥iles Miles

March 1949 Nil Nil Nil Nil 35.60 Not

available

" 50 " " " 1 L2 .74 66,76

H] 1 1] ] 1" 1" 45.25 77.78
v 52 " L 62.20 | 101.88
f 1" 53 1 " ] 1" 67.16 107.98
. 15 54 1" i ] 1" 78.60 124.05
" 55 BT 1 1 1 86.L9 138.07
no56 n L " z 68.86 | 112.86

1 57 1" 1" 3] " 90.53 1“7'50

1 58 1" " 11 " 160 .75 161.98L

n 59 n " n n 112.87 177'76

" 60 " " 1.05 1.05 157.88 24C.09

t 61 n " 1.7 1.71 175.05 275.60

n 62 " " 1.71 1.71 254,45 401,88

" 63 " " 757 13.08 309.96| 489.14

" 6L " " 12,17 19.36 270.48| 581,68

" 65 " " _32.56 h7.,16 439,12 700,58

" 66 " " 52,62 83.88 512.58] 837.€1

i 67 0.20 0.20 62.0k4 1C9.70 619.90_1,010.61

" 68 2.h0 4,60 | 104,90 177.38 670.61}1,154.20
Notes: 1. - A1l figures obtained from Annual Reports of B.E.A., C.E.A.,

and C.E.G.B.

2. The Electricity Supply industry vas nationalised on
April 1lst, 1948 and the earliest national statistics
available are those for the year ending 31st March, 1549.
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Scale of Rental and Ccmnensation Paysents for Towers

The €.E.G.B. shall pay to the grantor:-

1. An anmial rental for eacih tower with base dimensions over
concrete at ground levcl cof:

Under 15 ft. x 15 ft 5s.
15 ft. x 15 ft. but under 25 ft. x 25 ft. 9s. €d.
25 ft. x 25 ft. but under 35 ft. x 35 ft. 12s. 6d.
35 ft. x 35 ft. but under 45 ft. x 45 ft. 19s.
b ft. x 45 ft. and over 25s.

[l H .
I 2. As compensation in respect of each tower which interferes with
! H .
agriculture:
/ Erected on

2.1 For each tower with base dimensicns Arable Cultivated
over concrete at ground level "of:- land Grassland
Per annum
Under 8 ft. 6 in. x 8 ft. 6 in. oo eee 29s. Os.
8 f£. & in. x 8 ft. 6 in. but under
12 ft. 5 in. x 12 ft. 5 in. ver vee aen 37s. 9s.
12 ft. & in. x 12 ft. 6 in. but under
17 ft. 6 in. x 17 ft. 6 in. co0 cee ae L7s.  12s.
17 ft. 6 in. x 17 ft. 6 in. but under
22 ft. 6 in. x 22 ft. 5 in. .0 vee e 63s.  15s.
22 ft. 6 in. x 22 ft. 6 in. but under
30 Tty X 30 Fte eee cvr see wee eee 80s. 18s.
*30 ft. x 30 ft. but under 35 ft. x 35 ft. 97s. 13s.
35 ft. x 35 ft. but under 40 ft. x &5 ft. 127s. 18s.
Lo ft. x 4O ft. but under 45 ft. x 45 ft. 1475, 21,
Ls ft. x 45 ft. but under 50 ft. x 50 ft. 187s. 21s.
50 ft. x 50 ft. but under 55 ft. x 55 ft. 23%s. 27s.
55 ft. x 55 ft. and over cee ees eee 287s. 27s.

*Payments for towers of 30 ft. x 30 ft. and over have been settlied
on an interim basis since the towers of the CEGB's 400 kV lines have not been
erected long enough for their effect to be properly appraised.

2.2 In any year in which the land is cultivated twice and more than one
separate and distinct crop is taken off double compensation rates shall be
paid.

2.3 In any year in which ploughing or other cultivations are performed
by means of steam or other cable tackle double compensation rates shall be
paid.

Provided that in any year in which both (b) and (c) operate treble
compensation rates shall be paid.
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2 When arable land is laid down to.grass arable rates shall continue
to be paid for the first two yvears but thereafter the land shall be treated as
grass land until it ies again ploughed.

2.5 The said sums shall be paid on the -....icvvvevenesseeses. in each
vear the first payment being proportioned from the date of commencing the
erection of the electric line.

i
2.6 'The said compensation is intended to reimburse the grantor in re.
spect of the following matters arising out of the existence of the completed
towars in proper condition on the siad land but nct further or otherwise,
namely: - :

(i) Loss of crops or of the power to cultivate or use the sites
of the said towers or the land immediately adjoining those
/ sites. _
' (ii) 1Interference with the work of cultivation of fields or
meadows whereon the said towers are erected.

(iii) ZLabour required to keep the sites of the said towers or the
land. immediately adjoining the same free from weeds and
undergrowtiz. '

2.7 1If during the continuance of this Agreement the grantor shall cease
to occupy the said land or any part thereof and shall let the same or any part
thereof the said annual sums continue to be paid to the grantor or as he
shall in writing direct. '
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[16 & 17 Gx0.5.)  Electricity (Supply) [Cu. B1.]
E Act, 1926.

CHAPTER bl.

An Act to amend the law with respect to the A.D. 1926
supply of clectricity.  [15th December 1926,  —

E it cnacted by the King’s most Excellent Majosty,
i by and with the advice and consent of the Lords
ppmtu al and Temporal, and Commons, in this present
Parliament assembled, and by the &uthout\' of the same,

_as _f0110\. 51—

Power to lop 34.—(1) Where any tree or hedge obstructs or

;‘Z‘ilcfc";‘fb_ nterferes \.'.-'it.h the cpn;truc_-.t.ion, ma-int-ena-ncc-:_, or worki.ng

structing Pf any main transmission line or other electric line which

clectrie 18 bcim constructed or is owned by any authorised under-

lines. takers, or will interfere with the maintenance or working
of such a ling, the authorised undertakers may give
notice to the owner or occupicr of the land on which the
tree or hedge is growing requiring him to lop or cut it
s0 as to prevent the obstraction or interference, subject
to the payment to him by the authorised undertalkers
of the expenses reasonably incurred by him in complying
- with the notice:

Provided that, in any case where such a notice is
served upon a person who, although the occupier of the
land on which the tree or hedge is growing, is not the
owner therecf, a copy of the notice shall also be served
upon the owner thereof, if known.

(2) If within twenty-one days from the giving of .
such notice the requirements of the notice are not complied
with, and neither the owner nor occupier of the -land
gives such a counter notice as is hereinafter mentioned,
the authorized undertakers may cause the tree or hcdvc
-to be lopped or cut so as to prevent such obatu;ctmn
or interference as aforesaid.
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(3) If, within twenty-one days from the giving of such
notice, the owner or occupier of the land on which the tree
or hedge is growing gives a counter notice to the authorised
undertakers objecting to the requirements of the notice,
the matter shall, unlezss the counter notice is withdrawn,
be referred to the Minister ot Tmn:pmt who, after giving
the parties an opportunity of being heard, may make such
order as he thinks just, and any such order may empower
the authorised undertakers {after giving such reasonable
previous notice to any person by whom such counter
netice was given of the conmwnc“nwnt of the work as
the order may direct) to cause the tree or hedge to be
lopped or cut so as to prevent such obstmction or inter-
ference as aforesaid, and may determine any -question
as to what cempensation (it ..x)}) and expenses arc to be
paid.

(4) The authorised undertakers shall issue instrue-
tions to their officers and servants with a view to sceuring
that trees and hedges shall be lopped or cut in a woodman-
like manner and so as to do as little damage as may Le
to trees, fences, hedges, and growing crops, and shall

cause the boughs lou')od to be Junovcd in accordance
with the directions of the owner or occupicr, and shall
make good any damage done to the land.

_ (5) Any compensation or expenses payable to the
-owner or occupier by the anthorised underiakers under
this scction shall be recoverable summarily as a civ 11
debt.

(6) Where for the purpose of the consi:-ruction or
maintenance of a transmission line it is necessary to fell
any trees, this section shall apply to the felling of trees
in like manner as it applics to the lopping of. trees.

(7) This scction shall apply to main transmission
lines owned or to be constructed by the Board in like
manner as it applies to lines owned or to be constructed
- by authorised undertakers.



275 xV SUBSTAT

IONS

FIRST COMMISSIONING OF PRIMARY GRID 400 kV AND

Apvendix

1954

1955

1956

1957

1958

195

O

1960

1961

West Melton

O Nil

Elstree

Carrington
Iver
Honk Fryston

ilellksham
Rochdale

Skeltcn Grange
West weybridge

Connzh's Quay
Fleet

Hams Hall
Harker
Penwortham

Barking
Brinsworth
Bustleholm
Corby
Elland
Lxater
Feckenham
Finchley
Lovedean
Needham
Northfleet
vest
Penn
Pyle
Sundon
Taunton
Vialtham Cross
Whitson

Keadby
Kirikby
Lackenby
Norton

J x1ipueddy

- tGLE



FIRST COMMISSIONING OF PRIMARY GRID 400 kV AND 275 kV SUBSTATIONS (Zeont)
i Appendix F. (cont.)

1962 1963 1964 1965 ' 1965 1967 1068 1969
| Canterbury Norton Lees Aldwarke Beddingteon Bramford Bredoury Bradford Vest
Chessington _ Cowbridge Poliney Chesterfield |Burwell Cellarhead
Hartmoor Grangetown Capenhurst Enderby Bushbury Creyke Beck
Stalybridge : Mill Hill Ealing Prodsham Cowley Daines
West Boldon Thorpe Marsh Iror Acton Kitwell Ezst Claydon Hawthorn Pitt
Yalham Laleham Osbaldwick Kearsley Legacy
Rye House Hacclesfield (Hanningten New Cross
Thurcroft Rainhill Ninfield Sheffield City
Spennymoor Pelham Scuth
5t. John's Wood Walpole Manchester
Tottenham Watford Tynemouth
Harley Willesden

Wimbledon

o 1

Notes:~ 1., Data abstracted from B.E.A., C.i.A. and C.E.G.B. fAnnual Reports and C.E.G.B. Statistical Yearbooks.

4¢]

2. Substations adjoining power stations not included in this schedule.

1u0n) 4 XIpusddy
*91¢

-

('p
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5 &6 Euz. 2 Electricity Act, 1957 CH. 48

- :'v-:\' ) .';’.\ :"inﬁ'-" \)
T )

LA T b e (O
WG L o TS

CHAPTER 48

An Act to provide for the dissolution of ihe Central Elec-
tricity Authority and the establishment of a Central
Electricity Generaiing Board and an Electricity Council,
and for the transfer of functions of the said Authority
to that Boaid or Council or to the Minister of Power ;
to make further provision as to other matters relating
to the supply of electricity ; and for purposes connected
with the matters aforesaid.

[17th July, 1957}

IHE it enacted by the Queen’s most Excellent Majesty, by and

% with the advice and consent of the Lords Spiritual and

Temporal, and Commons, in this present Parliament
assembled, and by the authority of the same, as follows:—

37. In formulating or considering any proposals relating to
the functions of the Generaling Board or of any of the Areca
Boards (inciuding any such general prograinme as is mentioned
in subseciion (4) of section cight of this Acu, the Board in
question, the Electricity Council and the Minister, having regard
to the desirability of preserving natural bzauty, of conserving
flora, fauna and geological or physiographical features of special
interest, and of protecting buildings and other objects of archi-
tectural or historic interest, shall cach take into account any
effect which the proposals would have on the rnaturzl beauty of
the countryside or on any such flora, fuuna, features, buildings
or objects. '

36

377.

.
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Appendix H
Countryside Act 1968 CH. 41

1563 CHAPTER 41

An Act to enlarge the functions of the Commission

cstablished under the Mational Parks and Access to the
Countryside Act 1949, 1o confer new powers on local
authorities and other bediss for the conservation and
enhancement of natural beauty and for the beneiit of
those resorting to the countryside and to make other
provision for the matters dealt with in the Act of 1949
and generally as respects the countryside, and to
amend the law about trees and woodlands, and foot-
paths and bridleways, and other public paths.

' [3rd July 1968]

“ﬂ‘g L IT ENACTED by the Queen’s most Excellent Majesty, by and

ri"\*:, with the advice and conscnt of the Lords Spititual and
A emporal, and Commons, in. this present Parliament
assembled, and by the authority of the same, as follows:—

11, In the exercise of their functions relating to land under

any cnactment cvery NMinister, goverument department and
public body shall kave r=2ard to the desirability of conserving
the natural beauty and ameniiy of the countryside.

318.
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DEVELOFNT PLAH Z0HING 41D FORHER LAD USE COF PRIMARY TRESHISSICH SUBSTATION SITES

 Date of

Substatios Locati P, Zoni d Use

Substation ocation Conserd S 0.P. Zoning Land __J
1B, 1" 0.5, 18 9,265 |vhite land. Aorioul faral
Dovon MR TG :
Hohn W
RODZRLY PARE, 1" 0.S. 131 25. 9.65 | Industriai, Derelict land
Jiminghan ' MR (12869 29.1 .68 '
25432 W Switch se
LU ArEE 1" 0.8,
W Riding Yorks. MR
AR K

[ .

ALVERDISCOTT 1" 0.5, 163 29,168 |ihite land, hgricul tural
Dven ' MR 502252
Wchz KY -
BARKILG, 1" 4,3, 161 26. 363 | Area for deposit of".-’aste Haderials or Refuse Derelict land
fsenx He 453824 19.11 H3
275 Y Switch'se '
BEIIIGTON, 1% 0,8, 11 4. 153 | Savage Disposal Vaste land
longon HR. 333655
ZshR W
BERSHELL, 17 G5 13 . 657 |4hite land | Pasture
Harsicks MR 265765 Profosad Coventry Green Balt,
LR K
BIRKE £22D, 1* 0.5 100 29.12.6, | Clay working, part light incisirial torked out brickfisld
Cazs. 1 HaR291561 :
737k 4 :
BISHPIS HO0D 1" 6.5, 120 21. b6 |vhite land, tieod}and
Yiores. MR 835683
Zoh R K
BRUEY 1 0.5, 18 29. 95, [white land, drable and Fashure
East Sussex MR.237210
KOfT5h 3 KV .
BRADFCTY) WEST, 1" 6.5, % 27, 353 | ‘hite land. Pasture
W, Riding Yoris. HoR090349 26. 3.6 | Proposed Green Belt,
250 % ki 6. 951
BRANTAEE, 1" 0.8, 149 7.165 |vhite land, Arable
Essex

KOAR K

KRT1EA1
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Dale of

Substatisn | Logation Srsentfs D.P, Zoning Lanq Use
BRIEFCRD, 1" 0.5, 149 25. 961 | Yhite land frable and Pasture
Suffuik KR 100459
L34 W
BRYLEY, 1% (eSe 169 13,165 | thite fand Hoodland
Hanls. HoRe 644559
A3
BEBRY, 1" 0.5, 101 23, 6,64 | thite land, ' Pastura
Ces, KR H0791 5 Propised Horth Cheshire Green Belt.

21502 k¥

ERIDRATER, 905,165 | 164155 | thite land Pasture

Somzrset MR 323358

25013 kY

BRURDAMN, 1" 0.5, 161 104158 | Industrial. In disused part of
Hidkdlasex Mo 356979 13, 459 | Staiutory Undertaker = electricity Power Station Site
2ish Ky -. 5.40

BRINRIH, 1" 0.5, 103 2,380 | thite lad in disused part of
. Riding Yorks. HoReA34898 5.7.480 | Statubry Undertaking ~ Electricity Poser Station site
25 kY 15. 553 Gresn Belt

BURIELL, 1" 05 125 3. 563 | thite land, frable

Cats, PR 519672

HOA R kY

BSHERY, 1" 0e30 119 34555 | thite land . Pasture and Arable
Staffs, HR. 922062 21. L5 | -Proposed Yest Hidiands Gresn Belt

2502 K

BETLENLN, 1° 0.5 131 16. 851 | Yhite land Pasture

Starfs. WR027990 :

5hR KY

CHTEBRY, 1" 0.8, 173 19. 1.0 | ihite land Disused wet gravel
Kent. Mo Ral 0595 19415 pits

100/275 kY 2.7.61

CAPEILRST, 1" 0.3, 100 22,263 | Part Uhite land and Part U.K.AE.A Pasture

Cheshire HR.368790 Projosed West Cheshire Green Belt.

WAz W - _

CARRIIGTON 1 0.5, 10i 16, 453 | thite land, In disused part of
Chashirg MR 47927 28, 554

400 Y215 W

Stabrbory Undertaking - Electricity

Pozer Station site
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Subetation location | DA2OF 0.2, Tonirg C O LandUse
Conzantfs .
CELLANEAD, 19 0,8, 110 | 10,854 | thite lend srable and Pasture
Staffs, LRG0 | 27146 | Propased torth Staff'e Green Belt
AR W :
CESITER, 19 05,170 | 7.340 | thite land Pasture and Yosdiand
Surrey. MR 189519 iptromlitn Green Belt
EhR W
CHESTERFIELD, 0.8, 112 | 18, 4,57 |'hite land Arable ard Pasture
Deriyshire TLRe409659 19.10.51
ek
CulCHERL, X 1" 05, 178 | 3040.64 | thite lnd ' ' Pasture
Dorset | MR.65%805 | 264066
WOAR kY 8. 6.5
CUFYHYED, 1% 0S. 1% § 28, 555 | Uhite land . Poor Fasture
Glan, Fai 100935
HOA32
O0R3Y, 1" 0.5,
Horbants, MR
AR KV
OO, 1108, 12 | .35 |'hite land  Refuse tip
Harwicks, HR3683 | 2. 746
ZIshR :
COIRADE, 1" 0,5, 1% | 19.9 thite land ' Pasture
2750132 &V :
0L, 1 6S, 158 | 15. 543 [thite land ’ Pashre and Woodiand
(o HoR. 550016 Proposad Oxford Green Relt .
W0A52 kY '
i, 10,5 110 | 11,1053 |[Part residential, part industrial Pasture
Chediira MR.679%65 -
mhR
CEEVAE BECK, 19 0,8, 9 910,52 [|thite land Arable
E. Riding Yorks, WRGMID | 234253
hR W
DAVHES, 1" 0,8, 101 | 17.25% [thite land Pasture
Cheshire MR75928 | 28.5.6h |Green Belt

KOAR KW
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Date of

Iofz W

st : . Zoni Land U
Substation Location Consanths D.P, Zoning Use
DESIEE, 1% 0.S. 199 | 18, 384 |  Area for deposit of refuse Berelict. land
Flims. HoRe281709
00275 Ky :
EQlig, 1" 0,5, 160 9,641 | Statutry Undertaker C.E.G.B Cleared indstrial
Londzn iR 104795 | 16. 1453 Site
13266 KV Seitch'ee
EAST CLAYDOH, 1" 0,5, 146 | 23, 3.64 | ‘hite land Pasture
HOAR kY
HST;‘&,,I ,/ 1" 0,5, 160 | 12,652 ! Metropolitan Green Belt Agricul fural
erts, FuR149969 19. 6,62 | ‘hite land
5hR KW 12, 6,43
BEREY, " 0S. 120 | 2,863 | Vhite land ’ Pastire
Leics, 1.8, 533005 27,164
W0CAZR KV
EXETER, 1" 0.5, 176 { 281059 | Vhite land Pasture
Devon. HoRO00973 1. 380
543 kY 11. 8.8
FELCAY, 108, i3 | 2,458 ‘Uhite land. Pasture
Hores. M.R.022514 28, 2.5 | Proposed Green Belt
K0fI5132 W
FLEET, 1 0S8, 169 | 28,35 | Vhite land toodland
Hants, MR 71505 13.1.65
ORI AR W 13,1965
FROTEHA, 19 0,3, 10 2,862 | Area for deposit of refuse Derelict land
lhesi‘.im HR.5287193
5% W
GRUGETOM
M, Riding Yorks.
Zi5hR W
GRENDOR, 1" 0.5, 133 11. 546 | ‘hite land Pastre and Arable
Horthants,’ WR.86%13 '
WohR KW
GRIFSDY WEST, 1" 0,5, 105 5,245 | ‘hite land Pasture, Arable and
Lints. R,22509 Yoodland
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Date of

Y0/E75 KY Switch'se

and C.E.G.B.) and partly thite land,

Substation Location Cansent/s 0.P. Zening Land Use

HACHSEY, 1" 0S. 161 | 25, 666 | Lee Valley Regional Park. Publ i¢ Park
London i MR, 356862 12,1266 | Pblic Cpen Space
132/ & Suitchtse
Wes L, 05,131 | 15.1.57 | ‘hite land Pasture and Arable
Yar icks MoRe194923 14155 | Proposed Green Belt
WOLETShR W 3. 541
HERKER, 19 0uSe 76 .75 | thite land, Pasture and Arable
Qurberl and- WR336:2 | 27,64
WOT5fi3 kY 340,66
HIRTHIR, |
Co, Durhanm
B4R PUTT .
Co. Durhim
i K
HERSIORD, 1% 05 142 | 31, 767 | Hinistry of Supply land, Disused M, of S, land
‘Tereforidshire b 50350
W02 KW
HRST, 15 0.5 171 | 25,346 | Hetropolitan Green Bolt Pasture
Kont, HRL89730
7513 K
11D QUEES, 1" 0S. 185 | 18.2.43 | \nite land. “China clay consultation area®. . Hater logoed scrb
Cornzal | MR939592 | 28, 3.6 Hoodland
W00/ 2 K .
JRON ACTO, 1" 0.8, 1% | 27,942 | thite land. Pasture and Arable
Glos, FoRo658358 Proposad Green Belt :
5% W
IVER, 1" 0.5, 160 |  5.41.63 | Green Belt Pasture
Bucks. HR.023%
AR W
KEATY, 19 0,8, 106 | 14, 85 | thite land, Pasture
Linzs, LRB2i420
W0/75A% KV

IPSLEY, 1905, 101 | 17.956 | Proposed Green Belt. o Pasture and Derelict
Lans. RS0 | 13,14 | Partly Statutory undertakins (Severage land
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Date of

R K

bt . . |
Susstation ; Location Corsenth DoP. Zoning Land Use

KIRESY, v [ rosoi0) 2,557 | ihite land Pasture and Arable
Larcs, : R RA35973 2. 243

WRshe W

KIRSTALL, 1" 0S5, 9% | 84165 | Public Open Space - Public open space
Leads, Yorks. Hie Re 368204 12. 856

53 kY

KL, 105,131 | 94042 | thite land Pasture

Hores. FoR-972614 11. 663 | Part in proposed Green Belt.

ashn K .

LAY, 11 0.5, 8 | 16,958 | Industry Poor: quality pastire
N, Riding Yorks, FoRa 562195

12

LAELE, 1" 0.S. 180 To b | Mator Horks land Derelict land.
Hidx. ILR08%704

ashz W

LA, 1" 0.5, 187 | 17.9.2 | “hite land Pasture and Arable

Cormrist HoRH0%629

oAz W

Ly, 1" 08 109 123164 | Part vhite land and Part County Council Pastre and Arabie
 Darbigh, WR.294485 Smal lhol ding

WOhZ: kY :

LISTRR RIVE, 1" 0.5, 100 3. 563 | Industrial Derelict Indusirial
Liverpool, Lancs. lRe 365N 6. 1466 land

275 1V Switch'se L, 5561

LOVERZAN, 1" 0.5, 181 23. 561 | lhite land Pasture and Arable
Hants. M.R.676135 22,1163 | Hampshire Coast Creen Belt ’

KOR1A% kY

LYo, 19 0.5, 184 1. 759 | thite land Shimgle beach and

Kent HR031200 Foreshore

275 4CAC Convarter

MACCLESFIALD, 14 0.8 110] 24,1051 | Industrial Derelict indusirial
“Cheshire H.R.518746 18124 land

5hR kY T 9. 563

HAISIHGTCH, 1" 0.S. 19| 16. 8.63 | thite land Heath land

Dorset MR075052
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{434

. . Date of . -
Substation Location Cnsentfs 0.7 Zoning Lang Use

FELISHAS, 1" 0.5 157 | 2540.% | hite land Pasture and Arable

Hilts. HoR897662 | 25, b5

¥NfI5A32 WY 19. 7.65

RILL HILL, 1% 0.5, 150 | 26, 561 | Var Depariment land Disused Anti aircreft

tiddk, LR 201926 Hetropolitan Green Belt gun site.
AR K

MWK FRYSTOH, 1™ GS. 97 17.10.52 | vhite land Pzsture and Arable

Ha Riding Yorks. HaRA4852%2 241060 | Green Belt

WofI5h3 K

NECHELLS, 105, 131 | 11,365 | Industral Disused seage vorks

Birmiingham M.R,096298

AR K

HE CROSS, 1" 0.8, 160 !

London HeRo 346718

275/% K Switchtse

NINFIELD, 1% S 183 | 25.7.63 | Uhite land Pasture

E. Sussex HRAMT 13, 564

AR W

NORTHUALEET, 1" 0.8 171 | 29. 356 | Surface vorking of chalk Pasture and Arable

Kexrt R 609729 2k. 1,64 | Fetropolitan Green Belt

5h% W

NGRTGY, 19 0.S. 8 18, 8.65 | “hite land | Pasture

Co. Durham MR, 2220 2.1.59

54 % K

NORTCH LESS,

He Riding Yorks.

543 W

NCRILCH, 1% 0,5, 126 | 204 5.5 | thite land Pasture

Yorfolk MoR.21 6024 Proposed Green Belt,

L0Ai3 K

HRSLING, 1% 0.5, 180 | 10. 6463 | Gravel working Disused gravel

Hants. HeRe 362162 Proposed Hampehire Coast Green Belt vorking

LOAR K

OCKR HILL, 1" 0S5, 131 | 30.152 | Indstrial Derelict land

Warvricks. MeRa979938 21. 8.57 | Statutory undertaker - G.E.G.B.
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Sustation Location | Date of D.P. Zerirg - Lond Use
Conzont /S '
OLDRTY, ; 15 0.5, 120 | 23,645 | Part area for ceosit of refuse, part industrial,| Derelict land and
Hores. HeR, 58550 Lo 166 | part private cpen space. wet worked cut clay
ER W pit
(SBALDNCK, 108, 97 | 28,243 ‘hite fand Pastre and Arcble
E. Riding Yorks. WAL 5T Froposed Green Belt
A kY
PELHAS, 1° 0.5, 148 8. 542 | ‘vhite land Pasture ard Areble
Escex. MRAST285 | 2L 665
WofiR kY -
PEY, 10 0.8, 120 | 19.6.5 | thite land Pasture
Siaffs. Fu R 660954 Fropesed Green Belt
AR
pamz, 1" 05,106 | 31.7.62 | Green Belt . Pasture and Yoodlznd
Ceerrs, 1R, 559678
Wiz W
PRNORTHSRY, 1908, % | 18.2.53 | ‘thite land Pasture
Lancs, RRTIZ9 | 12, 8.6
WO/ZISAR W
PAE, 19 0,5, 153 | 27,554 | ‘hite land Pasture
Gl 1R, 828329 1. 151
215 K 13 W 14, 6£5
RAIEILL, 1 0.S. 100 | 0.1C.63 | iHineral vorkings Disused gravel pits
Aercs, MoRe 9918
HRAZR WY
RAYLEIGH, 1" 0.3, 162 3,245 thite fand Pasture mainly Arable
Essax HR,780515 4,125 | Proposed Grren Belt
il W
REBAIICE, 1 05, 161 | 28,346 | ‘hite land Pasture
Eseax WR.A228T2 Fetropol itan Green Belt
AN )
RIGEALE, 1" 0,8, 101 | 10. 3.5 | vhite land Pasture
Lancs. MR 871167 L. 556
BhEN
SEVE SPRINGS, 1° 0.5, 144 | 18.746 | thite land Areble nainly woodland
Bos. HoR. 952163 Arca of Quistanding Matural Beauly (Cotssolds) -
W0hz kY :
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ats TR Date of . ;
Substation {ocation Coment 5 0P, Zoning Land Use
SHEFFIELD CITY,
Shefficld
aBhR W
SKILTCH CRAMGE, 1" 08, % 7. 956 | Area for C.E.G,B. prroses Pasture
Leods H.R.332%13 41065 | (Adjoining Porer Station)
55 W
SOUTH MANCHIESTER, 1" 0.S. 101 1263 | thite land (Part in Cheshire) Derelict land
sshire R8I 7516 3, 954 | Rublic cpen space (Part in Manchester) formerly donestic
25k W 3. 365 refuse tip
SPERTCR, | 1" 0.5, 85 | 26,1062 | ‘hite land Pasture
Coo Durhiam ! FRe268315
BHR kY
STALYCRILGE, 19 0S. 101 | 6.01.58 | Industry ’ Pasture
Lancs, KR |
LR
STELLA %EST, 1" 0.8, 78 12. 1.5 | Colliery use, or surface winning of coal Pasture
Northusbt1d, HRAN6k6
W
ST, JIS WD i" 0.5, 160 61 | Statulory undertaker - Eleciricily On site of former
London MR 21085 62 Paser Station
Z15/% kY Switch!se [
SUNDQH, 1 0.S. 147 | 24,953 | ‘thite land Arzble
Beds. HRO%272 15,1065
Lf15h% W
SHRSEA ICRTH, 10,5, 153 | 20. 6,55 | thite land Poor qual ity
Gl M Ro 645002 " Paslure
hoof2Ish R K
TALNTCH,
Scrierset
25h% W
T2 FLERORCLGH,
ils Riding Yorks.
BhR W
THORPE ARGH, 1% 0.S. 103 | 16, 458 | Public Authority = Land drainage (i4zshlands) Hater meadoss
W. Riding Yorks MR 0956407 0. 7.6

4004275 W
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i Date of

Substation Location ConsertfS 0.P. Zoning Lend Use
THIRCIOFT, '
W rtiding Yorks.
5AR K,
TItSLEY PARK,
W Riding Yorks.
she W
T[‘:Tl"r‘lh M, 1" 0.5, 161 (14,4057 | Residential Residential
Hidda | HR3MZ (17,882
5hR W 6. 9.2
THELUTH, Hiv 05,78 125,364 | Fart thite land, and part Surface area for Pasture
Nuderland HaR 319703 Colliery purposes
25fiz W ,'
WAL, 1" 6.5, 143 |11, 861 | Vhite land. . Water peadons
Gloucester WR.Q860 {27,962 | Wash land area of River Sovem
KOORTsAR W 17. 964
WALPALE, 1% 0.5, 124 {13, 8.52 | thite land Areble
Horfoli: FeReliB5163
1A 2 kV
WALTHAH CRSSS, 1% 0.5, 161 | 2,661 | Gravel extraction, Disused wet gravel
Essex Fiofe 375035 tetropol itan Green Belt. pits
ARk Lea Valley fegional Park
VARLEY, 19 0.5, 161 {16, 953 | Metropolitan Green Belt Pasture and Arable
Essx 1R, 556863
5hR KW
YATFLRD, 18 0,5, 160 {12, 663 | Metropolitan Green Belt ferelict Pasture
2AR KV '
WEST BOLDOY, 1" 0.8, 8 |26, 3.59 | thite land Pasture and Arable
« Durhan WRA0SDT |30, 7,59 | South Tyneside Green Belt
ke
WEST FELTON, 105,105 | 7149 | Hhite land Pasture and Arable:
2503 Ky
HEST THURROCK, 1" 0.5.161 /171112, 8,57 | Industrial Derelict
Lo K 291055
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ate of

Subetation Location | otk DeP. Zoning Land Use
HEST LEYBRIDGE, 1" 0.5, 170 | 18, 5.55 | Statutory Aliotments, Alotwents
Surrey FeR, 058625 230,64 | Metropolitan Green Belt
AR K . " the 6,66
WHITERATE, 1" 0.5, 10i | 154265 | Pover Station site. In disused part of
Larcs., MR, 821035 Statutory undertzker - Electricily Porer Station site
AT W
HHITSCH, 1" 0.5, 1% | 21, 6,60 | thite land, Pasture and Arable
Formourthshire | HeR3H1855 | 18. 7.60 | Proposed Green Belt
275 WY Switchise
MILBEAL, P eS, 131 | 19, 467 | Industrial Pasture
Staffs, HR.96%9 | 26, 5567
sk
WILLESDEN, ! 1% 0.5, ‘|65 13. L6h | Statubory undertder = Electricity In disused part of
Londen HaR.209832 | 10, 7.64 : Fozer Station Site
ZI5AR K 16.11.65
WILLEGTOH, 1705, 120 | 174262 | thite land. Pasture and Arsble
Deriy HeRa307285 | 10. 2465
W0/275 W
WIBLEDC, 1% 0.5, 170 | 20. 584 | Stahutory Undertaker - Electricity In disused part of
Loreken Vo261 T8 Power Station site
7502 K Saitchlse
WRIDLEY, " 0S. 147 | 94052 | vhite land. Pasture and Arable
Horlse MR 206269 Proposod extension to Metropolitan Green Be!t
Loof32 W

tiotes: 1. This list only includes Primary substation sites for switching or trensforming at 400 kY and 205 kV.

2. This list does not include substations within the bouncary of a poer station.

3. Data obtained fram C.E.G.B. publications, Local Planning Authorities and personal observation,

3rd Decenber, 1%8
LA




Schedule of Areas of Substation Sites

Qerkswell, Warwickshire.
Birkenhead, Cheshire.
éishops Wood, VWorcestershire.
Bralntree, Essex.

Bramford, Suffolk.

Bredbury, Cheshire.

Bridgwater, Somerset.

Cellafhead, Staffordshire.
Chickerell, Dorset.

Cowley, Oxfordshire,

Creyxe Beck, Yorkshire.
Indian Queens, Cornwall.
Iver, Buckinghamshire.
Ilegacy, Denbighshire.
Lovedean, Hampshire.
M;nnington, Dorset.

Mill Hill, Middlesex.

Mop End,'Buckinghamshire.
Ninfield, East Sussex.
Norton, Durham.

Norwich, Norfolk.
Osbaldwick, Yorkshire.
Pentir, Caernarvonshire.
Swansea Nortﬁ, Glamorganshire.
West Boldon, Durhamn.

Wymondley, Hertfordshire.

275/132 V.

275/1%2 XV
275/132 kv
400/132 kv
400/i32 kv
275/132 kV
275/132 kV
400,132 kv
400/132 KV
uoé/lje_kv
275/132 kv
400/132 kV
275/132 kV
400/132 kV
400/132 kv
400/132 kV
275/1%2 XV
400/132 vV
400/132 xV
275/13%2 kV
400/13%2 kv
275/132 kV
400/132 kV
400/132 kV
275/66 XV

400/132 kv

Appendix J

M.R.265765
M.R.291861
M.R. 835683
M.R.T74217
M.R. 100459
M.R.207915
M.R.323358
M.R. 943492

M.R.656806

M.R. 560016
M.R.O44350
M.R. 929592
M.R.0428%6
M.R. 204485
M.R.676135
M.R.075052
M,.R.241926

M.R.927968:

M.R.T17117

M.R.412220

M.R.218024

© M.R.641517

M.R.559678
M.R.645002
M.R. 340607
M.R.206269

390.

41,78 acres
41.00 acres
41.30 acres
45.52 acres
32.88 acres
38.00 acres
3%,28 acres
68.52 acres
42,60 aéfes
54,36 acres
16.94 acres
23,70 acres
38.38 acres
28.00 acres
42,28 acres
51.20 acres
50.00 acres
52.80 acres
42,30 acres
41,9 acres
T70.34 acres
28.00 acres’
27.00 acres
55.76 acres
3é.79 acres

78.28 acres
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[39 & 40 Vicr.] Coivnons. [Cu. 5G.]

N
Srd
VTR

. CHAPTIR 56.

An Act for facilitating the regulation and improvement of A.D. 1876
Commons, and for amending the Acts relating to the =
Inclosure of Commons. [11th August 1876.]

-’

3. A provisional order for the regulation of a comimon may pro- “Regulation
ide, gencrally or otherwise, for the adjustment of rights in respect o Sommen”
ViU, ov [y :\ TWisC, T < J 1] . L 151bs 1l l includes
of such common, and for the improvement of such common, or for .adjustment
: v of 116l RS v fan . P Tiere T fhic A ot Of vights
clchc1.of such purposcs, or .iox any of the thmg_;a by this t&ct and iraprove-
comprised under the cxpression “adjustment of rights” or ¢ im- ment
provement of a common,” or may statc that all or any of such
subjects are to be provided for in the proceedings subsequent fo the
confirmation ot the provisional ovder by Parliament.

Explanation’ 9+ The improvement of a common comprises for the purposes of
-of improve-  this Act all or any of the following things ; that is to say,
meat. (1.) The draining, manuring, or levelling the common ; and
(2.) The planting frces on parts of such common, or in any
other way improving or adding to the beauty of the
common ; and :
(8.) The making or causing to be made byelaws and regulations
*for the prevention of or protection from nuisances or
for keeping order on the common; and
(4.) The general management of such common.
(6.) The appointment from time to time of conservators of the
common for the purposcs aforesaid.



12,13 & 14 Gro. 6 National Parks and Ci.97
Access 1o the Countryside Act, 1949

Appendix L

S -—1-5-—‘-
,\’\r

CHAPTER 97

An Act to make provision for National Parlks and the
establislunent. of a Natiornal Parks Commission; to
confer on the Nature Conservancy and local authorities
powers for the ecstablishment and maintenance of

- nature reserves ; to make further provision for the
recording, creation, maintenance and improvement of
public paths and for securing access to open country,
and to amend the law reiating to rights of way; to
confer further powers for preserving and enha ancing
natural beauty ; and for matters connected with the
purposes aforesaid. [16th December 1945.]

82.—(1) A local planning authority may plant trees on land Plantirg of
in their area for the purpose of preserving or enhancing the ;‘L;i an dt ¢
. . . reatment o
natural beauty thercof. derelict Iand.
(2) For the purpose of restoring or improving the appearance
of derelict land in their area which in the opinion of the
authority is in any way unsightly, a local planning authority
may—
(a) plant trees, or

(b) carry ocut such work or do such other things as appear
to them expedient for that purpose.

(3) The powers conferred by this section may be cxercised
by an authority either on land belonging to them or with the
" consent of all persons interested thercin on other land ; and in
relation to such other land the said powers shall include power
to make arrangements whereby the planting or work is carried
out, on such terms as may be provided under the arrangements,

by a person other than the authority.

() The powers conferred by the forcgoing provisions of this
seciion do not, as respects any land, include power to do any-
thing which the council of any county, county borough or county
district are or can be authorised to do as respects that land by
any cnactment not contained in this Act; and nothing in the
said provisions shall authorise the doing of anything in con-
travention of any prohibition or restriction having cifect under
any enactment or rule of law.

(5) A local planning authority may acquire land compulsouly
for the purpose of any of their functions under this section.

(6) Where a local planning authority exercise their powers
under the forcgoing provisions of this section on land not belong-
ing to the authority, the management of the land, so far as
rclates to anything done by the authority, may be undertaken
either by the authority or by a person interested in the land,
as may be agreed between the authority and the persons so
interested, and on such terms as may be so agreed.
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Po wers of
hl"’ll\ vay
aud- lceal.
authoritics

1o plant trees,

lay out grass
verges, etc.

H
g R

CHAPTER 25

An Act to consolidate wz-th amendments certain enact-
ments relating to higl 1w:ws, strests and bridges in
England and Wales, including certain enaqtmcnts
cnmmonly contained in local Acts, and .'(‘ inake
conscquential d'nf*vd‘ncnts of the common lav

[30th Apul 1930]

~ E it enacted ! by the Queen’s most Excellent Majesty, by and

\\.th the advice and consent of ihe Lords Jpxrnual ana
Temporal, and Commons, in this present Parliament

assembled, and by the auihority of the sang, as follows :—

. 65.—(1) A highway authority may, in relation to a highway
maintainable at the public expense by them, beirg a highway
which consists of or comprises a made-up carriageway, construct
and maintain works in that carriageway—

(@) along any length of the highway, for scparating a part
of the carriageway which is to be used by traffic moving
in one dircction from a part of the carriageway which is
to be used (whether at all times or at particular times
only) by traffic moving in the other dircction;

() at cross roads or other junctions, for regulating the
movement of traflic.

(2) The powers conferred by the foregoing.subsection shall
include power to light any such works as aforesaid, to pave,
grass or otherwise cover them or any part of them, to erect
pillars, walls, rails or fences on, around or across thern or any
part of them, and to plant on them trees, shrubs and other

-vegetation cither for ornament or in the interests of safety.

Trees, shrubs and verges

§2.—(1) Subject to the provisions of this section, a hfvh'.vav
authority may, in a highway maintainable at the public expense
by them, plant (rees and shrubs and lay out grass verges, and
may crect and mainiain guards or fences and otherwise do any-
thing expedient for the mainienance or protection of trees, shrubs
and grass verges planted or laid out. by them under this
subsection.

-7 & 8Lz 2 Higlways Act, 1959 . CH. 25

v Dual
carriageway
and
roundabouts.
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Appendix N

CH. G3 Highvoays ("usce//fu' HOUS 9 & 10 ELiz. 2
Provisions; ety 1961

1\

—{1} The ‘iOuOW g DOWeErs con.urcd cn a highway autho-
r:ny uy S'JOS"CL ions (1) and (2) of section eighty-two of the prin-
cipal 4ct, that is to say—

(a) Ihc pcw-"r to mainiain a
i by the authori
or in oiker land
;and -

(D) the powsr to alter or remove any such verge and any
thing provided bty the authority for the r:--v:
or p: otection of trees, shrubs or verges so

(@]
"1

(¢

(R
= a T
13\

8]
b (i
-1, 14y
15°0 i
[{ TR o

1 O
-y

y th authorities ther
powcw conerred hway authorizy by ik

(1)) shail have ¢ -;’1}"-
(2) The fOuO\' ing amendment
of the foregoing subsection shal
(1), that is to say—
(@) for the words “ by theimn undzr this subseciion 1.. bOI.h
places where they oceur f:“e shall subsii
words ¢, wh uher or not by ihem, in such a hzg‘nway ”-;
and .
(0 for the words froin " provided " onwards there shall
substituicd the words * provided, whether or not
them, for the fnﬂ.:”"‘hUCu or proiection of any t
shrub or verge in such 3 highway )

ipaA

-

(3) An_v rcff‘rcmm in the said section eighiy-two as amended
tl st foregoing subsection to trees or st
a refcrcncc to planis of any deseription; and accordingly the
following >~1bacct.on shali be inseried at the end of that section: —
“(8) References in this section t0 tress or shrubs shall
be construed as including references 1o plants of any
description.” :

394,



of vege raticn

B, 03

20.—(1) Where it appears to the.appropriats .u‘ﬂ:cutv for
highway, or for any other road or footpath to which the Ui

fas cecess,—

(@) thatany hedge, tree, or shrub is dead, diseased, damag:

395,
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Higlvways (Miscellancous 9 & 10 ELiz. 2

Pr ovisions) Act, 1951

or insscurely rooied ; and

(6) that by reason of iis condit

on it, or part of it, is l!""".

to cause danger by faliing on the hignway, road or

footpath ;

pary

“the auihor n-, may,
ree of shrub or io the occupier of the land. on which it i3
situated, require him wi rln LOL"TCJl da yc Frcn‘ the daic "F
scrvice of the notice

h e

of danger.

(2) Subsections (2
four
of thai section anc
notices under su
effect as if re
section 11.cm""c1
section two hundr
confers powers of
this sccrion as if ¢
secnon a ,:Jl-\,s and
of that section in ch

C"r S, tlbb or shru
Tootec.

of the principal ..cr (\\}:

bszctio

by notice cither to the c»vn-,. of the Z\,J'ff

)t

10 nnp'“‘* f.

)_

\.C
v

fooipaihs,
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Appendix O

Civie Amenities Act 1967 CH. 69

ELIZABETH O

1967 CHAPTER 69

An Act to make further provision for the protection and
improvement of buildings of architectural or historic
intercst and of the character of areas of such interest;
for the preservation and planting of trees; and for the
orderly disposal of disused vehicles and equipment
and other rubbish. [27th July 1967]

. with the advice and consent of the Lords Spiritual and
Temporal, and Commons, in this present Parliament
assembled, and by the authority of the sane, as foliows :—

BE IT ENACTED by the Queen’s most Excellent Majesty, by and

Part II
PRESERVATION AND PLANTING OF TREES

12.—(1) It shall be the duty of the local plaaning authority te
ensure, wherever it is appropriate, that, in granting planning
permission for any development under the Planning Act or the
Scottish Planning Act, as the case may be, adequate provisior
is made, by the imposition of conditions, for the preservatior
or planting of trees and to make such tree preservation order
under that Act as appear to that authority to be necessary it
connection with the grant of such permission (whether for giving
effect to such conditions or otherwise).

(2) A tree preservation order may be made so as to apply, it
relation to trees to be planted pursuant to any such conditions.
as from the time when those trees are planted.
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Schedule-of printed sources concerning the landscaping of the Generating

Board's primary grid substations:-

Abhon - Power News Juiy 1667
Birkenhead Birkenhead News 2. 6.65
" " 5. 6.65
Liverpool Echo 2.10.65
Birkenhead News 9.10.65
Midland Region News Nov. 1965
Bolney Span Feb. 1965
j Bredbury County Express 10. 9.64
' Stockport Express 10. 9.64
! Stockport Advertiser 10. 9.64
i North Cheshire Herald 11, 9.64
The Guardian 6.11.64
Times : . 9.11.64
Estates Gazette 14,1164
Burton Green Coventry Evening Telegraph 5« 5.65
ou . 1" 1" 10. 9.65
Birmingham Post 20.10.65
Canterbury Kentish Gazette %
Canterbury Press 28,10.66
Kent Herald ' 2611.66
Kentish Express 4,11.66
" Gazette L,11.66
Kent Messenger 4,11.66
London Evening News 5.11.66
" " " 12.11.66
.o" " " 3.12.66
Times 20. L4.67
Kentish Gazette 21, 4.67
London Evening News 24, 4.67
Kent Herald 9. 8.67
Chickerell Dorset Evening Echo L, 5.66
. 1" " " 11. 5.66
Power News Sept.1966
n n July,l967
Coventry Coventry Evening Telegraph 5. 5.65
 Power News August 1968
Enderby Power News ’ April,1964
] ] Aug. 1968_
Exeter Express and Echo 31. 1.66
"Power News July,1967
Fleet Farnham Herald 16. 7.65
Reading Mercury. 16.10.65
Farnham Herald 28.10.66



Grendon -

Hurst

Kearsley

Kitwell

Legacy

Ninfield

Oldbury

Penwortham

Rayleigh

South Bucks

South Manchester

Wymondley

Northamptonshire Evening Telegraph 14,11.64

Northamptonshire Mercury & Herald
Northamptonshire Evening Televraph
'Ketterlng Leader

Northampton Cronlcle & Echo

Bexley Heath Observer

London Evening News

Bolton Evening News

C.E.G.Bs Press Statement

Birmingham Post
" Mail

" Post
Midlands Power
Power News
Power News
The Liverpool Echo
Liverpool Daily.Post

Span

Bexhill Observer
Electricity
Power News

Sunday Mercury

Lancashire Bvening Post
Electrical Review
The Estates Gazette

Southend Standard

Reading Evening Post
The Guardian

Wythenshaw Express

Times

Daily Telegraph

The Guardian

The Guardian

Hitchin Pictorial’
Hertfordshire Express
Hitchin Pictorial

19.11.64
20.11.64
27.11.64
L,12,64
3' 3-65

2l. 1.66°

30 9.66
4,10.66

19. 2.65

9. 6.64
22. 2464

. lOn 6.64

10. 6.64

July, 1964
July, 1964

Aug. 1968

3, 9,64
16.11.64

Feb. 1965
28. 8.65
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April, 1965

Jan. 1967
1k, 8.66

9. 8.66
26. 8.66
3. 9.66

22, 6.67

25. 8.67
25. 8.67

24,10,68

29. 9.65
29, 9.65
4,10.65

6.'1567
18. 1067
2l. 9.67
22. 9.67
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SELECT BIBLIOGRAPHY

The following select bibliography begins with the material
dealing with the subject generally. This is divided into -
1. Statutes, 2. House of Commons Pavers, 3. Government Reporis and
White Pavers, 4. Books, articles and pamnhlets., Thereafter the
bibliography is divided into parts roughly corresponding with the
chapters of this thesis.

General
1. Statutes

Electric Lighting Act 1832 45 and 46 Vict. C.56.
Electric Lighting Act 1883 51 and 52 Viet. C.12.
Electric Lighting (Clauses) Act 1899 62 and 6% Viet. C.10,
. Electric Lighting Act 1902 9 Edw. 7, C.34.
[ Electricity (Surnly) Act 1919, 9 and 10 Geo. 5, C.100.
| Electricity (Supnly) Act 1922, 12 and 13 Geo. 5, (46
o Electricity (Suvoly) Act 1926. 16 and 17 Geo. 5, C.51.
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