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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 400
kilovolts and is the responsibility of the Central Electricity Generating
Board. The distribution of electricity at lecwer veltages is the respon-
sibility of Area Boards. This thesis is solely concerned with tihe former.
The first part deals with the historical development of the industry and
the linking of many separate electricity undertakings, to provide
economies from the reduction of spare generating plant, and security of
supply. The factors determining the locations of cozl, oil and nuclear
power stations examined. The geographiéal pattern that results from the
location of generating plant and of dewand for electricity, de;erndnes
the shape and size of the transmission network.

Transmission is effected by overhead lines and underground
cables, and the effects of both on the use of lard and cn 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 erfect on the land use and amenity of their surroundings.

An overhead line and a substation that were both the subject of
public inquiries are treated as case studies, The design of towers and
insulators investigated to see whether engineering requireménts are coasid-
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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PREFACE

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 are necessary, and although they may show unattractive
results, they are accepted because of their value to the commuynity and the
lack of any practical alternative. Other creations, equally necessary to
sustain the developmeqt of a community, conflict more directly with aesthetic
values and-becomg the subject of controversy. Of ndthing is this more true
'thanfthe transmission of electricity.

This conflict is recoguised in the statute creating the Central
Electricity Generating Board, which is responsible for the gerneration and
transmission of electricity, by requiring the Board "to develop and main-~
tain an efficient ceo-ordinated and economical system of supply of electricity
«e...'" whilst at the same time "to take into account any effect which their
proposals would have on the natural beauty of the countryside .....".

Despite this thes;s's occasional reference to electrical matters,
no attempt is made to deal in detail with the techmical asbects of the
generating or transmission of electricity. This thesis involves a review of
the devélopment and organisation of the publié service which is charged with
the execution of these technical services, as necessary 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 land, and on amenity,

It only remains to add that this work has been compiled entirelf
" from publicly available sources, and thét the views and bpinioﬁs 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 CF ELECTRICAL TRANSMISSICN

CHAPTER ONE

Historical Review of the Electricity Supply Indusiry

I
[

}

l
!

Introduction

Early Days of the Industry

Impetus of the First World War

The Failure of Voluntary Co-ordination
Beginnings of a Naticnal Systenm
Naetionalization

Present Structure of the Industry

- b b —h b b
.
SN -

1.1 Introduction
To understand fully the development of electrical transmission
in this country it is necessary to Lave a knowledge of its origin, and the

i

vﬁfious stages of its subsequent growth. In tracing the development of aun
industry one may consider how it first ;merged in the life of the community,
and what were the principal attitudes of contemporary thought and practice
which played a part in sheping it during the main formative periods. This
is the approach that has been edopted in the writing of this chapter.
1.2 Early Days of the Industry

Faraday's fundamentzl discovery of electro-magnetic induction was
made in 1831, but vsry little progress wasg made in methods of generating
eleqtricity for nearly 40 years. Instances of electric lighting were still
largely of an experimental nature, and it wvas not until the development of
the vacuum carbon filament lamp between 1875 and 1880 that there was any
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 illuminstion (1).

The further development of electric lighting by private companies
vas to some extent frustrated by the limiting aspects of public

administration. Gas and water undertekings were already well established

wi%h rights of public supply protected by statute, and similar protection



was sought by electricity undertakinés. By 1878 thirty-four Private
Bills were introduced into Parliament with the object of seeking powers
to supply electricity in various towns, and to dresk up streets to lay
the;necessary rains. In order to suggest some princirples against which
the House of Commons'could consider all these Bills it appointed a
Select Committee under the chairmanship of Sir Lyorn Playfair. (2) This
Committee reported in Jurne 1879 and gave the opinien that legislation
.at that time would serve only to restrict the rapid development of the
industry which was then becoming apparent. It recommended that local
authorities' power to break up streets should be extended to the laying
#f electricity mains, but that the power should not be given to
companies without local suthority con;ent.'

The first public supply of electricity in Britain was provided
in 1881 at Godalming, Surrey. (3) It wes installed end operated by
Messrs. Siemens Bros. & Co., under a yearly contract with the Town
Council for the lighting of the streets, and current was also cade
available for private consumers. Power was developed from & waterfall
on thg River Wey, and the cables were laid in the gutters along the
sj;éets, vhich were 1it by both arc and incandescent lamps. The
undertaking was an 4;rofitable one fof the Company, because demand
was insufficient and the supply was discontinued on lst Ha&, 1884,

" During the time of this first unsuccessful attempt to provide
& public supply of electricity, the recommendation cf the Playfair
Committee had become the Electric Lighting Act of 1882. This Act however
subjected any private undertaking to a seven year's licence Qnd also
the threat that & local suthority may purchese the undertaking operating
in their area at the end of 21 years. These restrictions were suffigint

to discourage the formation of electricity companies, and suggested that
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further amendments to the statute wefe necessary. These were
subsequently incorporated in the Electric Lighting.Act of 1838, which
extended éhé terure of & private electrid undértaking‘from-Zl to 42
yeafs,.but.deSPite this the Act gave litile eneouragément to the
formation of large companies.. The use of electricity was éonfined
almost entirely to lighting, and its development on & commercial scale.
was a speculative risk., For these apd technical reasors, only smell
digstribution undertakings were set up, each with its independent power
stetion. The system coritinued to grow, by many small units in urban

: afeaé, but there was ng attempt to bring'about a uniformity of supply
. conditions, and there were prohibitions against the associetion end
combiration of statutory underfakings:

By the end of the‘cehtury, advances in the techniques of
genération end transmiesion, were chenging theveconomicvﬁyea of supply
from under ten, to seversl hundreds of square milas. The development
‘of the electric mctor was greatly extending the ﬁseé of power for
industrial and other purposes, and advanqed the possibilities of large
scale production of électricity. The sdvantages of co-operaticn &nd
vthe formation of larger uxrdertakings by amalgamatién of smaller units.
graduslly becoming realised.

The rest of thischapter descfibes the sldw progress of the
amalgamation of the original small undertakings into wider geographical
units, and the later interconnection of-their glectripal,distribﬁtioq
- hetworks. The first conscious step.in that direction was the appoiniment
of the Crosstommiftee=in 1638 (4). The Committee initiatedﬁcompuISOr&
powers of &cquisition of sites for generating stations, and this was
;.émbodied after a significant delay in the Flectric LightingA(Amendment)

Act 1909.
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The delay of ten years between the putlishing of the Report in 1898 and
the passing of the 1909 Act indicates the difficulties involved in
tryiﬁg to resolve the situation. It was recogpised that the issues
raised in the Power Company Bills subsequent to the Cross Report were
suchlas to call for full and public legislation. The conflict between
private and municipal underiakings mentioned above was so acute as to
make Bills for major re-organisation very controversial and the Act of
1909 was a compromise measure.

1.3 Impetus of the First World War

The outbreak of the War.and the subsequent increased demand
éir power expcsed the weaknesseé of the electricity supply indusiry.
The increase in demand for electricity was so grest that the full
electrical load could be met only by the continued use of equipment that
was already duse for replacement. These conditions were aggravated by
the increasing demands for coal, the supply of which was sliready
insufficient for war requirements. These factors emphusized the inad-
equacy of electricity supply in relation to & greatly iﬁcreased general
demand, The need for economy in the uss of coal, together with the
security of supp;y-yo vitai war industries that depended on & singie
source of electricity supply, showed that the interconnection of
generating stations would be well worth while. At the instigation of
the Board of Trade, (5) Linking up Committee, consisting of represent-
atives of the authorised undertakers concernced, were set up in several
districts to investigate what could be done in this direction by woluntary

effori. There was some practical result, but it become evident that

sonething more was necessary.
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The clearest indication of the gereral possibilities was
brought .out in a series of thrse Government sponsored Committse
Reports which appeared at the end of the War.

The first of these was the Haldane Report (6) followed
imme&iately_by the Parsons.Report.(7) which:1ssuedua§memeranaum
setting.out the position. of the publidrsupply of electricity:=

"Sufficient time has elapsed and suffvcient experlence

"is available %o show the defects of the or1g1na1

legislation. Experience has shown that +he comparstively

small areas of the compenies and local authorltles worklng

I/ " under Provigional Orders are, in many cases, insufficient
to enablé advantage to be taken of nodern 1mprovements in

plant". (8)

The most significant of the§e'committees qu appointed'bY'-
the Board of Trade under the chairmenship of Sir ArcMibald Willismson. (9)-
The Report of this Cdmmittee, whose recommendations Qark‘the;geﬁesis‘of
re-organisation of‘the industry_on a netionsl basis incluéed-the
.statemént,

"that the parochial system of generation and distribution

should give place to more economical me+hods 1nvolv1ng
wider areas of distribution”,

The unanimous conclusion of its members wa% that one central .
authority, to regulate the generation and dlstribution of electrlclty,
was required, and it-was suggested that a body, te b; known &s the
Electricity Commissioners, should be appointed for tgis.purPOSé. The
éountry was also to be diyided into districts, in.eaéh of‘whiéh'a4Béard
vas to be established.- This Board was to gcqﬁire al# the.generéting'
stations in-that district and also to bev;esponsibleEforltheir-oparatidn;

This was the first beoginning of the syﬁtem as #e“knoﬁ-it tqd&y‘aﬂd the

. o ‘ . . Lo '
inter-wer period showed only 2 hesitant adoption of ﬁhese principles.

i
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Soon after the war ended the recommendations of the

Williamson'Committee were embodied in a Bili Which w83 S0 amepdéd
in i£5‘pa585ge througﬁ Parlisment that the subsequent‘Electricify
@upply) Act 1919 did nct fully reéflect the Commlttees- proposals.

f At about the same time another ooumlttee has &np01nted
under fhe chairmanship of Sir Henry Birchenough. (10) The Commit@ee )
agroed in the main with the Williamson Report, but the basic
conclusion of the majority of the Committes was very far sighted, and
if acted upon then, would have anticipated theé Elecfricity Act of
1947 by fwenty-eight years. This broad conciusien'is quoted from their
f%port:'.(11) .

"Eisctrical power should be generated @nd +ransm¢t%ed

throughout the United Kipngdom upen & single unified

system, organised and conducted upon commercial Yinss,

under State regulation and with such flnanCIal :

co-operation on the part of the Stute as may be found

' necegsary in -order to secure the speedy development

of &n effectivs System of electric supply throughout

the Kingdom".

The proposals of the Birchenough Report were too ambiticus
for general acceptance at that time and were ighored.

The 1919 Act followed the main trend of pre?ioﬁs iegislation |
in that it was &n enabling Act, but without powers to enforce '
reorganization on a national scale, relying on achieving in both
voluntarily end through the :duties of the Electricity Commissioners.
These Commissioners vwere appointed for the purpese of 'promoting,
regﬁlating and supervising the supply of eléctricity‘-(gz) In-
carrying out their responsibilities for improving theEOrganization
for the supply of eleciricity on a regional bésis,-thé.Commissioners
delineated districts and investigated a number of regéonal schemes for

centralising gereration in a relatively small number of large generating
|

stations to be owned by.Joint Electricity Authorities
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Subsegquently, five Joint Aufhorities'were established, with powers to.

promote regional schémes.,
i

| fhere‘was no power to enforce Jocal emalgamations, and the
propq;ed transfer of stations and transmissicn lines from individual
authérities t¢ achieve economic schemes was in most instances frustrated
by lack of agreement between undertakers, The'Commissidnérs found
themselves beset on all sides with difficulties, as their eérly‘aunual
‘ geports regord; (13) 1In their report for the year ending March 1924

the Commis§ioners summed it up in these words -
| .

. "It cannot be oo strongly stated that united effort and. .

;/ a willingness fo vool rssources for the common good -are

! essential to produce the larger results of cheapenlng

i the suppiy throughout electricity distriects and bringing
about a great extension of public supplies for ali .
purposes, The powers of control vested in fhe Comnissioners
by the General Acts have enabled. progress to be made in
securlng co-ordirated developrent during tne1past four

- years, but it has beccme apparent that a real o”gqnwsatiou,
which will adequstely serve the requlvementq of the country;
can only be achieved on the voluntary besis of the Acts. .of
1919 by a radical change in the attitude of guthorised
undertakers in general, and that, failing the -early
dlsappearance of the obstacles which heve hitherto.retsrded
progress, the vwhole posltion will call for review." (14)

The Government shared the belief in the neéggsity for .compulsory -
powers by intreducing a Bill in 1920 to_cover thae cont%oversial clausés,
_but opposition by local authorities cause& the Bill to be withdrawn. At
the same time, there was‘é growing appreciation of the neéd for
reorganisation of the industry on a bigger scale in thé interesis both of
the oonsumer and of the industry. Consequently, when 1ﬁ'becaﬁé‘clear that
there was no hope of widespread voluntary actioh,'the,ﬁo;itical“presSQres'

for strdnger’measures ofvrefbrm-agaianegah_fo be felt.
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1.4 The Fsilure of Veluntzry Co-ordination

A national system of truhk mains rhad been under consideratiorn at
the time of the Williemson Committee, (15) &nd had bsen officially supported
by the Birchenough Cormittee’s Repert (16), but such a major development
had been considered too revolutionary at that stage. In thé early 1920's
the concept of national control of generation and tremsmission was revived,
although it was recognised that technical variations in systems in different
parts of the country would make it both difficult and costly tc achieve.

In parallel with the consideration being given to the future of
eleétricity the problems of unemployment, particularly in relation to the
coal industry, were still at a critical stage. The 1921 stoppage in the
coal mines, and the possibility of corntinued political coutroversy
surrounding the question of nafionalization of the coel mines threetened
serious consequences for the country as a vhole. In en effort to resolve
the difficulties arising from the interlinked questions of coal and
electricity an wnofficial committee was formed under the chairmenship of
the Right Hon. David Lloyd George in March 1924, in an endeavour, |

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

proposale for reform which might be carried inte effect

by general consent, and with the minimun of controversy

and delay".

The results of this inquiry Heré made known in a report on "Cozl
and Power". (17) The proposals included compulsory powers cf acquisition,
co-ordination and regulation to enable the Electricity Commissioners to
grant to approved bodies the right of supplying power within substantial
defined arecas. Tke Lloyd George Committee's proposals formed the basis
of the Government's policy, promising the introduction of & Bill-to give

these additional powers to the Electricity Commissioners.



To make any such schenme for an extensive. generation
construction and éentral tranzniesion programme effective on the basis
of the recommendatieﬂs of the L&oyd'Georga Committee, scme control of
-constrqction was éonsidered esasntial. This concept Has'further
advocated by G.V. Twiss (18) in two articles in "The Electriciar” which
exercised a considerable influence on the develorment of this idesa.
This seemed to sugzest a reorganisation on & national scaie, calling
for State sponsorship. The Conservative Government of 1925 gccordingly
j appointed a committee (19) under the chairmaﬁship of Lord Veir to:-

'
1

"reﬁiew the ﬁgtional problem of the supply of electrical

energy and to present a report on the broad:Lines of

policy which should be adopted to ensure its most

efficient and effective development”. ‘

The Electricity Commission had been in existéﬁce for‘five‘years ,
when the Veir Committée was appointed and the Cpmmittee confirmed the
viewsvcf the earlier Williamsbn Committee, (20) that t0‘pr6duce effective
‘results stfonger powers were needed. They reitéxated the view that after
five years of voluntary co-ordination the industry was still ot
generating, transmitting §r distributing eléét;icity as chée,_ply' &s it
might, nor was the country using electricity to anything like the same

' extent as other comparable countries; They drew atteytion to the lack

of organisation in the encouragement of the use of sleciricity, .and
compared the situation in this country very unfavourably with some other
countries. The Committge»also recommended the establishment of & system
of main transmission lines, designatéd the "grid-iron", for the purpose

of intefconnecting the principal generating stations throughout the
country in which'the'generétion of.all the supplies reqﬁired by aﬁthorised
unde;takers was‘to be concentrated. It also recommended-thé.setting up of
& Central Electricity Generating Board, ﬁhich‘was to be responsi51e>both

for the ereétion of the "grid" and for the operation of the stations



"selgcted" to fée@ it. It elso proposed that the frequency of electricity
' should be standardised throughcut the country. |
j The Weir Commitiee Report was not published until 1926 at the
same time as a Bill based on its recommendations was introduced by the
vae;nment. There was a goecd deal'of Oppositioﬁ to the Bill in its
vérious stages, particuiarly from those who would be direcily affected-
by the compulsory messures proposed. Political pressure was alsc directed
to reducing the power of control proposed for the Electricity
Commissioners. With soms amendmenté to meet the more seﬁere of these
objectioné the Biil was passed in November c¢f the ssme year to becene
tlixe Electricity (Supply) Act 1926. (21)

The Act's most cutstanding f;ature was the creation of the
Cen{ral Electricity Beard, and in thus providing for tﬁe central
co-ordination of generation and main transmission of electricity it
succeeded in meeting the technicel demands of the indusiry as no previous

legisletion had done.

1.5 Beginnings of & National Systenm

The establishment of the Central Electricity Board as a public |
corporation was a fundaﬁental step both in re—orgaﬁisation of the supply
industry, and also in the combination of national plamning with commercial
operation and administration. The appointmenis mede by the Board of
Trade showed that half of the members had electrical engineering
experience, which recognis2d the neéd for specialist experience fer
implementing the proposed schoue of grid transcissicn, that the Act now
made possible. The general functiqns of the Electricity Commiésioneré
in relation to the Central Electricity Board was to submit to the Board
for their approval schemes for new generating statiorns and transemission

lines. (22)
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The Weir Committee proposals, and the 1926 Act were primarily
directed towards rednéing the cost of eiectricity and ensuring"thaf it
would be available over wide areas of ﬁhe country. The Act also included
some;minor provisions towards easing the problems of the distribution under-
takikgs,.but in avolding mjor interfersnce with their existing rignts the
oppértunity of simplifying and co-ordinating the distribution systemé wés
missed. That the existing structuré was in need of re-orgsnisation was widely
recognised, and various aspects whibh gave cause for concern had been subject
‘of comment by the Electricity Commissioners from tiwe to time in their'
anmal reports. (23) As the grid system began to take shapé and to show
ﬁhe anticipated savings in generation and transmission costs, the need for
g parallel re-organisation for electrical distribution becams even more '
'appareﬁé. (24) ks part of the Government's efforts to stimlzte economie
idevelopment a%‘a time of indﬁstrial depression a series of confarences. vere
held with representatives of the Electricity Supply Asscclaticns and Under=
takingé,'(Qﬁ) to encourage furthér the~VOluntary amaigamations of thg»smaller
undertakings;_ By 1935 the demand for action was widespread; butvof.many
divergept visws. In response to this situaticn'the-Ministér of Transpoﬁt,
who had inherited powers previously exercised by the Board of Trade in respsct
of the eiectricity'industry appointed a Committee of three, under the
chairmanship cf Sir Hérry McGowan. (26)

This Commitiee drew attentioﬁ to the large number of 635 local
electricity undertakings, the variation in their size, and the differences
in the type and pressUre_cf currént supplied. Thne Committeé proposed the
establishment of temporary District Commissioners for the pfepafatiqn of
 schemes of re-organisation, and suggested that the larger énd more efficient
undertdkings, whethér-municipal'or company should take other supply undérs-
takings in their area. One of the criticisms of the report was tﬁat 1t.>

over-eﬁphasised the value of size in a distribution undertaking.



There was no reason to supross that a small underiaking wes necess&fily

. less efficient than a large oﬁe.

; In March 1937Athe:Government announced thet they had decided *o

adopt ;in principle, subject to modifications in detsil, the recommendations

of the McGowan Report'(27). This report was.shqrtly followed by the

confidential issue of a White Paper (28) which contained tentative proposals

for the amalgsmation of all electricity supply undertakings into seventy
8ix main groups. The -implementaticn of the Government propesals was

delayed in the immediate pre-war period, and in Nevember 1938 the Prime

Minister aﬁnounced that there was no prospect that legislation to desl
Iy : .

with this matter would be propcsed during the life of that Perliament.
i

1.6 Nationalization

.During the early years of the war litfle public attention was

" given to questions of reorganisation of the electricity suppily industry,

but in 1943 & number of suggestions (29) were put forward by individual

" undertekings, trade associations, and staff asgociations. Some of these

were in response to & request by the Ministry of Tuel ard Power. to the
industry to submit to him their proposals for post war feéfganiSafion.

Early in the war a Joint Committee of Electricity Supply
Undertakings (30) was set up representing both company &nd municipal
undertakings., The immediate object was {o enablé undertakings to keep in
touch with cne another in dealing with common preblems resultiﬁg from the
var. When fhe Minister of Fuel sand Power asked for pl&ns for the post wer
reorganisation of ‘the industry, the Joirt Committee attempted to draw up a
scﬁeme.

In November 1943, the Committee announced  that irfeéoheiigble

views on ownership and control had made it impossible to reach agreement,



T

26.

Three months later a comproﬁise was submitted which acqepfed;the general -
principle that ownership and orgenisation of the exié?ing undertakings
shouyd,not be subjected to érastic alteration unless it could be proved
thatconsumers would obitain & substantiel and permaﬁeht‘benefit. There
was éeneral agreenent throughoﬁt’the‘iﬁdustry on thé principai teéhgigal _
objectives to be achieved, Hhich'were the éroupizg of 'areas of supply

in order to ensure the mazimum diversity of load and greater wniformity
‘of systens of supply, voitéges and tariffs. On tﬁe.quer-hand there was
strong di?agreement amongst the Committee as'to”hqw'tﬁeSe-Objectives
should be achieved, |

l , L S . '
;/ During the remaining yeers of the war thers were no further

. I

legislative developments concerning the éupply industry but the problem
of its drganisatipn continued to raceive'attentidn in relation to the
economic and sociél plenning which was being undertaken by the-covéf@mént{
After fhe'General Election of 1945 there was a farther examinatipg of the
problem,‘whiqh reéulte& in fhe introduction of the Electricity Bill in

the House of Commons on the 20th December, 1546.

In June 1947 Mr. Shinwell the Minister of Fuél and Power in
anticipation of the passing of the Act appointed an ‘Oréanising Committee '.(31)
The primary consideration of this Committee.was to set up a skeleion organ=
isation on which the new Authority could build, and {0 prerare reports
on the problems of the transfer of undertakings, for consideration'by'tha~
Authority and Area Boa;&s'as soon &as they were_appointgdf Heanwhile the
Bill was proceeding through both.Houses of Parliament &nd wés.thé—subjéct.
earlier legislation. While-all sections .of the industry agreed on the
need for more flexibility to allow furthsr electricsl improvementsj'andeog

the necessity for some form of grouping of undertakings, there were manj



different ideas as to how this should be undgrtakeﬁo ihe Act vhich-received
the Rojal hssent on 13th August, 1947_was-spbsﬁantiall& the same as the
Bill ;ﬁ.a11~it3gssential features, but if‘haa undergoné congiderable |
redrafting in detail, |

>; The Electriéity Act 1947‘establishad a‘Céntré1 Authority-named
the British Electricity Authority as the nationél organisation responsidle -
for tte genmeration of electricity, while fourieen Area Boards (32) were
entrusted with the distributionof elec'tricitjri'n fheir-r‘espec'tivej regions (33%)
The task of the Central Authority was "tc¢ develop and maintain an efficiént{
co=ordinatéd,_and'ecﬁnomical system of supply”. (34) ‘For that‘puréQSe'it
w;% reguired to generate electricity and provide supplies in bulk {o the
Agéa'Bbards>for them to distribute, to énwordinate disﬁgibut;on'by the
Apéa.Boards{ and to exerciss & general control over themzin regerd to
policy and finance, The Area Boards were required to purchsge supplies
of electricity from the B.E.A., and to ?1aﬁ and-éarry cut in an efficient
and economical manner the distribution of those supplies to individuel -
consumers. The B.E.A. and the Area Boards were faCed-wgth the . task of
making & unified national electricity system out of SGOfseparate surDly
undertakings. About a third of the industry was pzeviohsly owged»by
commercial companiés:and thé>remaining two thirds by muhicipal corporaticns,
The organisation set up‘in.1947 gradually achieved thisjamalgamation; and
-also initiated a programme of building new power stations and-transiiésion
lines. - | »

On the 1st April, 1955, under the Electricity Re-organisation
(Scotland) Act 1954 the B.E.4.'s undertaking in Scotland were vested in'a
new pubiic authority called the South of Scotland Eléct%iéity'Board and the
" name of the British Electricity Authority.was changed té?Csntral-Eleciricity
-.Authorityfaithdugh-its,other functions :emained:unaffecied. This new éuthﬁ;ify_.

the C.E.A. survived. less than thrée years.



1.7 Present Structure of theAIndustzy_

‘ The legal authority and division of responsiﬁility between the
C.E.Af and the Area Boards eppeared to be reasonadly w§11 balanced., Howévgr;
the Herbert Committes (35) which was appointed ia 1954 to inquire into the
working of the electricity‘s;pply industry,'cri%;cized:the-organisation
on two main grounds. Firstly, that if wvas overmcentraiized, &nd secondly,
that it was a mistake to enirust.the C.E.A. with both executive and
spperviSOry functions. They accepted the principle that generation should
ﬁe the dut& of the C.E.A., and that distridution should be carried
out by-thejArea Beards. Cne of the unsatisfactory featuﬁés of the situation

wé% that the plerning, preparation, ard consiruction of a power station

i

took as long as eight years, so that by-the time it came ints coumission
T{t was already technically obsolete. This was in part dus tc excessive
supervision by Headquerters, end the need for Divisional Controllers tc
obtein Headquarters approval at to§ many stages of each project (36},

The msin recommsndation of the Herbert Report was that e Centrzl
Electricity Generating Board should be set up ic take oﬁer‘eXecutive
responsibility for the design, construction, and operation of pewer
stations, the grid, and'the projected super;grid. It woild plan the
general development of electricity_supply, and the main transmission
system. It would also be responsible fof the siting; design ard possibly
the construction of nuclear power stations, as well as for research and
development; staff and finesncial policy,and the control.of electrical
transmission over the whole system. (37)

The ;ecommendafions of the Herberf Committee forﬁed the basis of
a‘Goyernment White Paper (38). The Governmeﬁt howé%er;did not accept the
Committeefs view of the funcfion of the Central Electricity Authority, but
decided to establish in-its place an Electricity.Council. This was intended.

to be a‘fbrum“inuwhich the generating and distributing sides of the industry.
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could meet to discuss and settle their comzon prob lﬁmu under 1ndepeﬁdent
guidance (39) These amended proposals subsequently. Became tne Electrici*; ,
Act 1957 which reqnired the new auuhoritie;.to.aasume_their au ties ‘on the .
1st January, 1958. This Act still remalns the priﬁ2£p81 Ast giving.
statutory authority for the present three-tier ogganisation-of thg‘;n@uStry.:
There .1s however a study group set up by the Mlnistéf of Power.(ﬁo) to
examine whether any changes in the organiSatioﬁ.and étﬁUcture of tﬁe
industry needs ﬁo_be made. It is thought‘that-the group will recommend
that the division betwéenrgeneratiOn b& the C.E.G.B. gnd distribution‘of
' eiectricity b& the Area.Board, should be ended. It-hgs béen wWidely felt
* that the existing structure gives a diuproportionate influence to uhe -
. C.E.G.B. and that any. changes are likely to strengthen the pusitlon of the‘
: Electricity Council (41) The report is expectsd to be made public~in
' about March, - 1969. (42)
This review of_thé development of the public use of electricity
_over a period of 87 years, has of necessity been brief, huﬁﬂiﬁ-éssénce;iﬁ
is the story of the-gradgalgghangé from local privﬁte.undeﬁtakeﬁs to.a
national publicly ovned iﬁdustry‘ ‘The next two chaptefS‘w111_con;ider-why
the interconnection of power stetions has bEcheynece$sary, end -the rate
at which this interconnection by the grid and-supergrid‘waé:cahstfueﬁedl

with 1ts inevitable increasing effect on land use and amenity.
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33. Vesting day was 1st April, 1948 when the B.E.A. and Area Boards .
assumed their statutory duties.

3k, The Electricity Act 1947 Section 1 (1)

35. Report of the Committee of Inquiry into the Electricity Supply

Industry. Chairmar Sir Edwin Herbert. Appointed 9th July, 1954,
Cmd 9672. H.M.3.0. January 1956. '

6. Herbert Report Op-cit. para. 257
37. Herbert Report Op-cit. para. 248 to 252
38. Proposals for the Re-organisation of the Electricity Supply

Industry. \hite Paper Cmd. 27. E.M.S.0. 1956.

39. Cmd. 27 Op-cit. para. 7.

Lo, Hansard. House of Commons 21. 3.68.

k., Financial Times 22. 1.69.

L2, Since writing this chapter the Minister of Power, ifr. Roy lascn has

maqe a statement in the louse of Commons on the re~orgznisation of the cleg-
tricity supply industry in Zngland and YWales., The Llectricity Council is to be
re-gamed the Electricity Authority with new powers %o plan and control the
policy of the industry as a whole. The C.E.G.B. and area boards will repain as
at present but will operate within the framewvork of a brcad rolicy deternmined by
the Zlectricity Authority. Hansard 18.7.69 Vol. 787 col., 1091. A Bill to sive
effect to these proposals is programmed for the present session of Parlia;ent.
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2.1 Introduction .

The previous chapter traced the course of the electricity supply
industry from its beginning to the present day, and formed a somewhat
extended introduction %o this and the next chapter. This brief history
was principally concerned with the tecﬁnical and poiitical pressures that
brought about organisational changes in the industry and this chapter willl
follow a similar path in tracing the development of the transmission
system. It will deal with the specific reasons that brought about the
heed for a transmission system, the factors that influencea it, and the
rate of its construction.

2.2 The Inception of a National Transmission System

The history of the industry up to the early 1920's has shown that
in spite of the clear recommencations in the reports of various committees
set up to examine the industry, legislation in itself was not sclely
responsible for the unsatisfactory position that had developad. Technical
advances in transmission had by then made it possible to give an eccnomic
supply over considerable distances. The 1919 Act,veven though it was a
rushed and compromise measure, removed the final legislative barriers
against co-operative action.

A national system of trunk mains had been under consideration in

1918 at the time of the Williamson Committee (1), and the following year
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had been officially supported by the Birchenough Commititee's Report (2),
but the industry at that time had considered such a major development
as being too revolutionary.

In 1925 G.Y., Twiss revised interest in this idez of a naticnal
grid in two articles he wrote which were published in '"The Electrician' (3).
He developed his idea that on the grounds of economy an interconnected
- national scheme of primary transmission lines should be superimposed on
the existing wholesale distribution networks, requiring the setting up of a new
organisation to provide and cperate the system.

The ideas put forward by Twiss were quickly and widely
appreciated, and the immediate result oq this renewed interest provided
the impetus for the appointment of the Yeir Comailtee (L) to review the
national problem of the supply of electrical energy, and to report on
the policy that should be adopted to ensure its most efficient end
effective development. The Committee advocated a policy of concentration,
and recommended the establishment of & national grid system of main trans-
mission lines for the'purpose of intercomnecting the systems of a1l ihe
public supply authorities in the country, and enabling them to give supply
on a wholesale basis of electricity produced at the ﬁost efficient stations.
It also recommended that standardisation of frequency in all the alternating
current systems in the couniry should be undertaken "as part of a compre-
hensive scheme for improving our existing electricity system”. The
Committee further recommended the setting up of en 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



certain modifications, were given effgct in the ﬁlectricity (Sﬁppiy) Aet,.
1926.

Under this Act it fell to the Electrlcitj uO missioners, who. had
been set up under the Electriﬂ;ty (Supply) Act 19109, ¢o take the initial
step in inaugqrating the grid scheme, Accordingly, thﬁy prepared a Series
of regional schemés, determining which of the existi@gﬂstaiidﬁs #houldrbe‘;
"selected" stations, and also & layout of thne grid_liﬁ%s and transforming
stations to interconnect-tbem-with one anotheruand with the systems of other
authorised undertakers., |

The projected 1ayout of the Grid was. given 1n Sir Archibald. Page S
i927 ?residential Address to the Institution of Elgqtrlcal.Englneers (9)
and a ggneral‘scheme-for the main grid system-waS'pnepgred aﬂa pdbiiShedj
in the first Annual Reéport of the Central Electricity Board (6).- They
drew attention to the fﬁndamental difference between t?e main transmissiqn.
systemS'constrgcted on the Continent ahd in the'UnitedISta%es, as.péhpare&‘
‘with'that 5eing planned for Greéthritain. They_ppih%éd.out tha&‘ﬁbfoad\
the maiﬁ problem lay in transmitting electricity in bulk from the
generating stations, estébliéhed near the scurce of power, to the distri-
butioni areas; the systems were, therefore mainly for léng distance trans=--
mission in one direction only. 1In this Country the ﬁeéd‘was for inter= V
connection of stations and areas to secure the most éfficient and most
economical use:of produqtibn resources., The country wés divided intojtén
rvegional areas. and the'individﬁal schemes, as they ﬁépé,develpped, wereé:
designed to interconnect t6 form the full national plan ﬁhi¢h=was designeﬁ
to meet the estimatéd peak loads on any part 6f the Systeﬁ'Wiih,ﬁhe Largést.
generator and the iaréest transformer out of ssrvice. 1Wh£l§t construction

dould be undertaken only in stages on the basis of rggibnal-Schemes; there
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was a general appreciation that the transmission system and construction
planning of the grid must be enviséged as a wnole,

f The voltage cnosen for the Grid system authorised by the 1926
Act wés 132,000, as the most economical for the purpose of inter-comnection.
The atmospheric pollution in many industrial areas in Great Britain meant
that the Board had to take care in the design of insulators to avoia
flashing over caused by deposits from the air. The voltzge of 132,000
wés, in 1926, also thought to be the highest practical figure from this
point of view., It is not intended to go into the technical problems
inyolved in building this countryside system, but one of the biggest

pfbblems was to achieve a standardization of supply and voltage (7).

2.3 The Development of the Grid

The Central Electricity RBoard had prepared a trensmigsion
programme for the construction of approximately 2,600 miles of 132 kV
overhead transmission lines, and 31 miles of 132 KV cables, which was to
be completed in ten years. This programme reguired the erection of over
28,000 steel lattice towers, and the installation of 273 iransformers and
switching stations, at a total cost of £26,700,000.

Diagram 1 summarises the progress of Grid planning and constructiorn

from the passing of the 1925 Aet to full operation.
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Progress was slow durinz the first years, only 58 miles of line
having been erected up to the end of 1929, This is explained largely
because of the preliminary and experimental nature of the work. The two
succeeding sars saw sore improvement in this rate of construction and
during 1931 and 1932 approximately 1,300 miles of lines were brought into
service. The Board completed the original procramme by 1933, in about
half the time allowed, the last tower of the initial schene being erected
on September 5th, 1933 (9). By the end of 1935 wher all aress were inter-
connected a total of 2,820 miles cf line were in operation (10). From
1935 to 1937 further nminor extensions were made, but during 1933 and 1939
with the prospect of war, the rate of construction once again inecreased.

Hap o, 1 shows coloured in Ted the grid system in 1638, built
at a total cost of aﬁproximately £30,000,000 (12) and over the period

1925 to 1938 the total costs of transmission came to nearly £135,00C,000 (13).

2.4 The Grid Svstem Between 1979 ond 1945

At the end of 1939 the Grid comprised 4,430 miles of trancmissiocn
lines, 3,039 miles of which opcrated at 132 ¥V and the remainder at 66 k7
and lower voltages (14).

During the war only relatively small extensions of the Grid were
made for normal purroses but considerahle reinforcements were made for
specific war purposes. This iz shown in Table llo. 1 which shous the increase
in milease of 132 kV transmission lines during the war years 1940 - Lk

inclusive.
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Grid Viar Time Grid ] I.ines for

Tear Txtensions ?ein;orcements ‘lar Factories
1940 71 NIL © NI
1941 2 155 HO
1942 3k 203 | >
1943 3 NIL HIL
1944 12 NIL NIL
| Total 122 363 7

Table No. 1., Increase in Mileaée of 132 kV Transmission
Tines from 1940 to 1944 (15)

Map NS, 2 indicates in red where the 363 miles of Grid rein-
forcenments for var purposes were built. In this map and the succeeding
ones which mention individual substaticns, there are sliéht variations
in the names given to the substations in the coriginal mars.

The greatest significence of the second world war in the
development of the grid was that the system was originally designed as
interconnecting and operating in large self-~contained areas, but from
the beginning of the war it was considorably reinforced as a transmitting
syste@ operating as a single national unit. A National Control crpganisation
wvas set up to'provide the necessary co-ordination.

- There was an initial drop in the demand for electricity in
South Zast Englend with its large pre-war non indﬁstrial load, which
consequently 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 of the Country. A study of the power flow
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@iagrams for the war years shows that a lot of this- surplus power in the
South Bast was transmitted to the war factories in the South West area
and in South Wales.

Experience during the var years 1939 to 1945, when the
electricity industry was primarily concerned with meeting the demands of
industry and war production, proved the value of the integration of the
supply system through the rational grid, The priority given to munitions
production during those years meant an almost complete standstill for
the construction of new generating stations. To meet the growing demand
fqé electricity the fullest use had to be made of existing plant, with
new construction restricted to the minimum essential for war nesds.

The existence of the grid enabled the ;lectricity supply indvsiry to
achieve its maxdmum output. On the other hand a direct result of the
grid meant that a smaller margin of surplus generating plant was
available to meet the demands, which soon exceeded the small increase in
generating capacity.

Similarly the construction of new transzmission lines was
restricted to that necessary to enable areas in which a rapid expansion
of demand had occurred to obtain assistance from adjoining areas where
the war had brough about a decline. However, the construction of
the grid, and the experiencé gained in operating the system during the
var, showed that the local availability of electric power supplies was

no longer the primary ccnsideration in the location of new industries.



2.5 The Superimposition of the 275 kV Grid

In the early post war period of_generating plant shortage, arising
from war time and post war building restrictions, the.Grid was called on
to meet increasing transfers of power throughout the country so. that load
shedding could be kept to a minimum. With a view to meeting thése
additional requirements the Centrzl Elsciricity Board in 1942 set ur 2
Committee to investigate the best method of extending the 152 &V grid
system, Thils seemed to be the most natur;l course to take as it would not’
:infroduce any hajor chznges in overhead line or plant design. The Board
Ihowever were obliged to look further ahead in its planning, because the
forecasts of the future demand for elec¢tricity quickly mede it apparent that
the structure of the existing 132 XV grid system wculd soon be inadequate,
The multiplicity of lines that would be required to meet future require-
Aments_would present serious operating and maintenance probléms. Prorably
an eqﬁal reason for the decision to operate a higher voltage was the
increasing difficulty of obtaining consents and wayleaves for overnecad
lines, aﬁd the considerable'amenity impact such a network would havs on
the country. Five lines of 132 kV towers would have been necessary to
carry the same power as one line operatiﬁg at 275 kV and this aspect was
probably a major consideration in the.recommendation to adoét 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 thrcugh a 264,000 volt system. Although
such a system wa; desirable to provide security, it was doubtfui at that

time whether its cost could be Justified on economic grounds,
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The Committee was reconstituted zt the end of 1945 and coritinued
investigations in 1946 and 1947. In en interim report issued in November,
1946,]they concluded that as a result of recent developments 1in switchgear
manufacture, which made available 132,000 volt switchgear of greatly
increésed”rupturing capacity) it would be possible to meev interconnection
requirements up to 1960 by development at 132,000 voits. On the question
of long-distance transmission, the Committee were unable to reach a
decision because of uncertainty as 4o future policy con coal prices, the
developmen; of coalfields, and rail transport cosis.

Investigations were continued after nationalisation by an inter-

.
-dé;artmenta; Committee of the newly constituted British Electricity
Authority. Aftef studying the supply Q;oblem for the next twenty years
they recomrmended thaf a substantial increase in the capacity of inter-
connection between differeﬁt parts of the country waS'necessary 10
conserve capital expenditure in generation and transmission, and the best
way to provide this capacity was by means of a higher-voltage system,
additional to the existing 132,000 volt system. They considered that such
a system, would be no more costly than development at 132,000 volis 1o
meet the increasing interconnection requirements, and would have the

added advantage that it would make possible the long-distance tranémission
of substantial blocks of power.

The voltage to be adopted for the higher voltage system presented
certain problems in view of the effect of atmospheric pollution on the
insulators and conductors of transmission lines. An obvious choice might
have been a simple d§ubling from 132,000 volts to 264,000 volts, but in
the interests of international standardization the Auﬁhority decided to-
choose the next nearest International Electro<Technical Commission voltage

level of 275 - 300 k¥V. To prove that this pressure could be successfTully



employed in Great Britain a length cf overhead iine c¢perating at this
voltagé was erected near the Authority's high veltage testing station
at Leatherhead in Surrey.
The Authority therefcre decided:-
", that a 275,000 volt system, capable of meeting
probable requirements for at least the next

twenty yesrs, should be planned forthwith, and
that consideration should be given to dezigning

the towers for c¢ertain sections of this system for
later operation at a still higher veltage;

/ 2, that a detailed programme should be prepared fer
/ the construction of those stages of the system

/
/ necessary to meet requirements up to 1G60;
! and

3, that those immédiate reiﬂforéements_of the
existing 132,CC0 volt system which would subse-
guently form part of the 275,000 volt system
should be descigned and constructed for the
higher voltage." (17)

In 1950, shortly after this decision to proceed, tihe Authority
approved in outline the proposed develcpmeni of the 275 kV system up to
1960, This is shown diagrammaticélly on Map No. 3. (18) They also
approved £7,750,00C for. the first stage of construction (19) followed bﬁ
£12m the following year (20) sﬁd.a further £14.5m in 1952 {2).

The new grid system to be superimposed on the 132 kV system,
required the construction of 1,150 route miles of overhead line operating
et 275'kV, 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 Londorn and South-“est Zagland, and there was
also prooosed to be a coﬁnection tc-the North-Tast 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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Diagrém No. 2 shows the rapid development of the system over the
twelve ‘years from 1953 to 1905 reaching a maximum of over 2,000 route niles, aud
thereafter showing a slight reduction in the total mileage as the circuits are
uprated to 400 kV. Map No. 4 shows the 275 kV Supergrid as built in 1960
which is interesting to compare with Map No. 3 which indicates what the
Board in 1951 planned for 1960. The additional electrical cornections ere
marked in red, and it will be quickly appreciated that the Board's 10 year
construction programme was implemented substantially as originally planned.

| After 1965 the mileage of 275 kV line was reduced as the towers
were reinsulated and restrung for 400 kV working, when the original purpose
of the 275 kV network was superseded by the larger carrying capacity of the
400 kV Supergrid. However, 275 KV linéé are still being built, as the
275 kV rings around the conurbations of London, Birminghamn, Liverpool, and
Manchester are being completed., Map No. 6 indicates in red the 275 kV
circuits at the time of writing, and by comparison with the 275 kV lines
operating in 1960, (Map No. #) it will be seen that very little of the
original 275 kV Supergrid remains and its present operations are 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 supply system with an anti-
cipated total demand of 30,000 MW'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
voltage should be introduced. 1In 1959 the Board decided that it was neces-.
sary to move to a higher voltage, both to ensure the stability of the system

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

: count?ies had devé10ped transmission lines of a higher vqltage. Ru;éia
was u%ing 500 kV lines, Cauzda and t#e United States were using 380 kV‘
line% and the adoption of either voltage would have given a sufficient

margin,for future expansion.

The Board carried out a two year study éf the a2lternatives, which
was completed in September 1950 (26). This was described in a paper read
tg the Institute of Electrical Engineers by Booth, Clark, Eggintcn and
RnTest(27). The use of 400 kV lines had been considered as far back as
19?0, at the time the 275 kV Supergrid was projected, but there was very
liﬁited experience of transmission at that highér voltage and it was feared
that they might give trouble "in the salt laden and industriaily polluted
étmospheres which are so general in this country”. At that time experience
of transmission at that voltage wasrconfined to Sweden where atmospheric
conditions are very different. The result of this 'act of caution', (28)
resulted ultimately in a greater‘expenditure on trensmission reinforcement
by delaying the advantages to be gained by ﬁOO KV trensmission. However;
‘most of the 275 kV lines were constructed so as to make the conversion te
this higher voltage possible (23), and at the Central Electricity Research
Laboratories at Leatherhead an experimental line at 380 XV to 440 kV had
been under test since 1953.

To provide interested statutory authorities with the Board'é
proposed U400 kV network a statement had been prepared which was presented
to répfesentatives of County Plahning Authorities &t a meeting arranged in
conjunction with the County Councils Associaticn. This statement incluced
a map in geographic outline (30) showing the layout of the transmission
lines and substations constitutiné 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 Puwer had been recelved, are shéwn coloﬁred
. green. The additional line roﬁtes and Substation sites propbsed by 1970
are shown coloured red. Colcured blue are further lines that the Board
thogght may be necessary if the load growth in the Southern part of the
'country continued at the 1961 rate, or if more new genérating
stations had to be built on the Thames estuary or on the Midlands or
Nor?hern coalfields,

/ The Supergrid network as énvisaged by 1970 would total 3,400
miles with possible further exténsions of 300 miles, and requirving 133
substations. ’

The greater part of the network shown on liap No. 5 ﬁas intended
to operate at 400 kV by 1970. This part, comprising scme T0% of the
total route mileage of Supergrid line, is identified by the thick lines.
Those sections of the Supergrid network which were reqﬁired to. remain
operating at 275 kV in 1970 are sidentified on the diagram by the thin lines.
They are confined to areas that sre mein centres of population and industry,
- where the electricity demand is substantial and concentrated. Here 275 KV
is used to provide_high-power diétributing facilities, and in many cases
would become é substitute for 132 kV. The Board claims that the economig
and techﬁical advantages of retaining 275 kV in these areas of high load
density are that it provides the requisite large-capacity distributipn
“facilities in‘an economic manner and without significantly greater line
mileage than would be needed with 400 kvV. The probiems of undergrounding

in built-up areas were expected {40 be less acute, and the substations would

be smaller and pose fewer practical problems of siting and construction,



|
1'
\'

51.

4G0LY LIS
275.Y LinE RCUTES

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
areavéerved by the existing 275 kV network. These extensions were neces-
sary;to comnect the new generation stations proposed at Trawsfynydd and
Festiniog in North Wales, and Sizewell in Suffolk and to distribute
supplies from the concentrated power sources to demand centres widely
spread geographically, as along the south coast. Two new trunk lines
|
are also shown between Yorkshire and Lancashire., These would carry bulk
power from coalfield power stations in Yorkshire to the industrial areas
of Lancashire and Cheshire, and were required to help meet the rapidly
g;owing power deficits of those areas. The lines would cross the industrial
West Riding and would also be used to carry‘powér to that area.

The Generating Board took fi&e years from the time they decided
to construct a 400 kV network to the time that the first heavy duty line
was commissioned. This was in June 1965 when a 150 mile 400 ¥V line
between West Burton and Sundon substations 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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principally because of the cdnstruction.of‘power stations whose location
were not known at the time and because of the difficulty of finding sites
and obtaining'planning'permission.fér subétaﬁibns,‘particularly in urbaﬁ
Ereas,

An attempt has been made to find out the cost of constructing
the 400 kV Supergrid and Apvendix B tsbulates the only reliable data one
tas béen able to finds It will be séen that the figures do not differentiat
between costs attributable te Grid or Supergrid construction, and the actual
construction costs were not regularly published in thé C.Z.G.B., Annual
Reporté. " However, by relating the mileage constructed and the actual cost
stated in a particular year, to the total. mileage of the LOQ kV network, it

is estimated that the total ¢ost ifould be in the order of £600m £6 £700r.

-s2+f  FPossible- future transmission developments
A reading of the Electricity Council andlC.E,G.B, Annual Reports
ffovides evidence that the Cenerating Board is carrying out a considerable
amount of transmission resezrch particularly at the Board's laboratories
at Leatherhead.  The Board alsoc sponsors rescarch at the Universities,
‘as well as by the manufacturers of high voltage equipment.
Most of this research seems to be directed‘towards'improving
the equipment and operation of the existing transmission systen, (32)
which is unlikely to altér the main concept or physical aﬁpearance of
“the network. There are however, two transmission déyelopments that
could have a considérable effect on the Supergrid if widely adopted; thes
are high voltage direct current transmission, and fhe adoption of
200kY for-ihe'supérgfid networizs These seem to be the tws fmost p%omising

possibilities.
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High voltage direct current transmission.

' The Board hasshown zn interest in d.c. traznsmission for over

ten years since the cross-Thannel cable scheme for direct current
j

transnission hetween Dungenass and Boulogne . was nrojected. (33)  This

scheme has now heen overating satisfactorily for sevaral wrears, and on
the basis of the experience gained the Board have embarked on another
d.c. link to reinforce supplied tc the London area. It will carry.power

from Kingsnorth Power 3Station nezr Rochester to a receiving station at

Croydon and another at Yillesden. The szheme which will

[

Beddington nea
1

have a length of 51 milec will cost abeout 515 million and have a capacity
{l

of 640 M,%. Tt will be so arranged that either an isolated zenerator

N '

or- the LOOkV Supe:

zrid or a combination of both can bhe used to feed the

<

dec. link. At the two receiving ends power will be fed into the 132kV
systen,

It seems that electrical losses are réduced oy d.c, tranmsmission,
but there is the cost of the.cqﬁipment required at each end of the link
to change a.c. to d.c. and bacit to 3eCo This increased cost is only
justified when the d.c. link is not less than about 50 miles. The Board
has stated that this installation although more expensive than a
comparable alternating current scheme, is in the nature of a research
project as it has been designed to permit various modes of operaticn to
help determine the scope for d.c. transmizsion in the future. (3%4)

The future grid will be required to transmit laree amounts of
electrical power over relatively long distances from the generating
stations to the main urban centres, and the indications are that d.c.

transnmission may prove to bz more econcmical than a.c. for this purpose.



- 200KV Transmission

! As long ago as 19561 Sir Christopher Hinton said in a paper at
the British Blectrical Power Conference (35) tliat looking ahead to the
X

mid 1970' the Beard in adopting the LOOEY supererid was.making the

l - .
assuription that a voltage of 70CkV would be practicable by that date and

)

research to ensure that was ng started. The following year in
evidence before a Parliamentary Committee (%5) he said that it may be
ﬂécessary to superimpozé on extra hign voltag lur?e neésh network over
the 4OCkV Eystem. The Board had in mind a voltage working at about

7$Dkv and had already started some¢ preéliminary research work on this.

D

H The interest showh in the poss ibility of {rsnsiission at such
ﬁigh voltages was increasing and led to a parliamecntéary guestion in June
{964 (37) when ¥r., Trrol speaking on béhalf of the linister of Power said
that the Board were studying the economics of overhead GeCe trandriissi “n
up te SOOkV, and that research was being carried out on power losses,

-

radio interference and the design of insulators. & few months later (z8).
the Chairman 6f ihe Board confirmed that such research was still in
progress, ‘which was further zcknowledged by the Electricity Council in
their 1965 Annual Report (39)

: Research studies of this Kind to =s=ist the choice of a new
transmission voltage of 705 - 750kV, and to gain experience in the
operafion of direct current links, are seen to provide the backgr round
1nformat10n +o the preparazticn of annual programmes of generation and

trahsmission construction, which should be planned to take advantase of
L . ? (31

the latest develdpménts as they emerge.
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2.8 Conclusion

i The original function of the 132kV grid, which was interconnection
f

within self-sufficient areas, has evolved into interconnection cn a national
!

scale at BOOkY, with, in additicn, significant peak power flows from

coalfield power stations, the whole system being operated as an entity

under the direction of a Haticnal Control,

The supergrid has developed from forecasts of the geopraphical

{

patterns of electricity load growth, and the location of new generating

1
'

stations to supply that growth. It rests on the assumed continuance of

5¥neration and transmission techniques that exist or can be forseen

gsday. It is however possible that dué to the accelerated chanre in the

respective economic advantages of the various fuels for generation, and

changes in the overall rate of load growth, the present superpgrid

vhich should be sufficient until 1980 may require some major amendnments,
The assumptions that are made in forecasting the future‘patterns

of electricity demand and generation are so general that great acecuracy

is not cl%imed for the resultant estimates of long term transmission

needs. The broad indications are of increasing emphazsis on the transmiscion

of power to widely dispersed points of supnly from concentrations of

generation in peripheral oil fired and nuclear stations as well as those

sited on the central coalfields., Tt is th&ught that these requirements

are likely to be met by a multi purpose 4OOkV supergrid network with

main trunk lines transmitting at 700KV or by direct current with

completely automatic computorised naticnal control of the system.
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CHAPTZR TIRTE

The Pattern cf CGeneration and Transmission of Tlectricity

3«71 Introduction

%.2 The Pattern of {oneration - Coal, 0il and thuclear Power Stations
3.3 Gsograpshical Pattern of Power Ilow

3.4 Cperation of the Transnission Systenm

7.5 Zconomic Justification for “lectrical Transmission )

3,6 Zonclusion

3.1 Introduction

Many economic comparisons have been made betwzen the cost of
transporting enerzy in the fora of electricity, and in the forn of coal
%y Foad, rail, and sea, and 2lso of pushing oil, gas and even coal through
piéelines. There scemz to be a general opinion that oil by nineline is
the cheapest of all methods, These studies are, houcver, of little uore
thon general intereﬁt uﬁless actual ternainal conditions and ultinate
utilization are taken into account.

This chapter will ewamine what these ceonditions are, the sffect

they will have on the siting of power stations and the direction of nouver

and energy flow.

The pattern of fuel supplies and tle economics of enerzy movenent
have brought about the post war expansion of coal-burning electricity
zeneration near the central coalfieclds, of cil-burning generation near
major refineries or oil terminalsz, especizlly in the south of England, and
to the deveiopment of nuclear onover to meet the demands that are most
difficult to supply from the other two sources. The practical problens of
power station siting, ‘especially that of water for cooling will be discussed.

The geographical pattern of electricity consumption is very '
differsnt from that of coal production, and the effect of this on the

economics of enerzy movement, and the econonic justification for the Grid

and Supergrid transmission network will be examined.
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3.2 The Pattern of Generztion -~ Co=21, Oil axnd iuclear Power Stations

There are thr:e main primoary fuels for the generation of
electricity, and each fuel introduces varring influences in determining the
most economic siting for a power station. The siting criteria for exzch form
of fuel will be examined.

The 3itins of Coal Burnin~ Pouwer Stztions

The siting requirenments of coal-burning nower stations are
continually chonging with advancing technolozy. The greatest chinges in
he post-war period have bzen consequent upon the increase in the size of

i

ﬁnqgvidual pover stations, Coal-burning nower stations now being built

aré generally of 2,000 iTd capacity, are'of hirher thermal efficiency and
have greater requirements for cooling water and coal supnlies than stations
comiissionsd a few years ago. They have individual generating units of up
to 550 7 compared with the usual 60 FY of th: immediate post-war neriod.
West Burton on the Trent Valley of 2,000 IV generatinz capnacity will burn
approximately 20,000 tons of coal daily when on naximum load, and two other
stations at Didcot, and lLingsrorth of this size are under consiruction.

The Trent Valley below the town of Burton has been devsloped with
by far the largest single concentration of new generating canacity in Great
Britain. Tnis is a response to cheap low-zrade small coal from tae Derb&,
Fottinghom and Leicester coalfislds, reasonable proximity to the expanding
industrial areas and, especially, the presence in the River Trent of the
largest sunnly of.cooling water in eastern Ingland. This siting in the Trent
Valley is thought o renresent the present optimum in economic cecal-fired
power station location. The tonoge made available by the National Coal
Board from the Fast Midlends in the preceeding four years has been virtually
static at about 19.25 million tons, 1568 - 89 the tonace supplied increased

to 19.6 million tons. The fonage supnlied from the Yorkshire cozlfield has

increased annually to a present level of 18.5 million tons.
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The other main location pattern for coalfigld stations has been
on estuaries, close to markets, to vhich coal can be carried reasonably
cheaply by sea, for eranle along the lower Thenmes,

A 1,000 I station nceds 30 million gsllons of cooling water an
hour, where the water is only used once and returned direct to sea or river.
Less is required in the closed circuit systes, used of nceessity in most of
the riverside nower stations, but thisz iz exwensive and less efficient,

The possibilities of hydraulic and mneumatic methods of transporting
pulverised coal throuch nipelines is being studied by the Board (1). In
tcigcumstances vhere supplies of coal from particular croups of colleries to

i
inaividual.power stations can be expect?d to be stable for many years, this
method of energy movement may rzduce the cost penalty of siting power stations
;
at a distarce from the coalfields. In the meantime economics in coal handling
of power stations are being mads by the introduction of 'merry-go-round' coal
trains with a load of 1,000 tons which is discharged throuzh bottom honper
doors which are automatically opened and closed as the wagons pass over below
track conveycr belts. This method was first introduced at Ratcliffe-on-3ozr
power station in llottinchamshire which was broughf into service in 1968.

There remains the éifficulty in finding sites for coal fired
stations that inland water resources in centéal southern Ingland are
inadequate for any substantial additional generation even using cooling towers.
A 120 MY dry-cooling tower has recently been brought into service at Rugeley
Power Station and this system, if successful, may enable vnower stations in
future to be sited independently of large natural supplies of water. The
capacity of a cooling tower can be increased or the size for a given capacity
decreased by empioying assisted draught. The Board has switched the emphasis
of its design study froa the largest ary ccolirs touer which is about 300 ft.
in diameter and 375 ft. high to investigating a range of towers of different

[y

heights, each capable of cooling a 66 IV generating set. The tower heirht
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anoropriete to 2 particular site can then be chesen so that the gain in
arenity can be balanced against the economic penalty imnosed by assisted
draught.

The Location of CGil Tired Stations

0il, desnite a tox equivalent to more than a third of its

=

Tue
basic cost, is increasingly competitive with coal in many locations, and
have much the same cetailed siting re:uirements as coal burning stations,
but are usually located on estuarine sites away from the coalfields. They

| .
r%qw're deep water anchorages for the oil tankers and there is an economic
as éell as operating advantage to site them adjoining refinsries. Three oil

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

largest oil refinery in the country; anothper

w

Southampton ater, is close to th
is at Milford Haven in South 'Jales where two refinerices are opcrating and a
third is planned, and a 2,CC0 i station at Lingsnorth on the iledway Istuary

which has been designed to burn either coal or oil.

The 3iting of Fuclear Pover Stations

Nuclear enercy has enabled the siting of nuclear power stations to
bz entirely free from the limitations im-osed by the extonsive fuel transport
facilities required for the runninz of a coolfield power station, but on tae
other hand it requires a greater quantity of cooling water than a cenventional
station of equivalent output. A nuclear power station of 500 KW needs .,
35,000,000 gallons of cold water per hour, whiclh: is about tvice as rnuch =25 an
equivalent coal fired station. lo river in EZn;land and tales is able to
supply such o volume of water througzout ths year, and for this reacon all the
eiisting and proposed nuclear statisns, with the one exception, Trawsfynydd,

are sited on the coast or on large tidal estuaries. (2).

o m ey
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Althouzh the space occupied by the power station and ancillary
buildings is no greater than for a conventional st:tion, an area of about
100 acres is usually requirad. (3).

The next most important factor was the Government's policy of
siting nuclear power stations avay from built up areaz, as shown on llan 7.
The nuclear reactors at prescent being designed for the Board have certazin
self regulating chafacteristics, and there are reny protective devices to
ensure safe operation and control. However, in the apparently very remote
! .

%veﬁtuality of an escape of radioactivity, the monitering, radiolecgical
coétrol, and public safety, were best served in thinly vopulated areas. This
policy of siting nuclear power stations'away from built up areas was in con-
flict with the economic advantage of generating electricity close to the load
centre.

The most recent desisn of nuclear station as adontoed for Dungeness
'B' will rejuire only about 10 more water than a contemporary coal fired
pover station (4). TFor this reason nuclear power ctations may no lonzer be
restricted to the coast, and theré is thus an added incentive to re-exanine
the other siting requirements.

It is essential ir order to achisve the economic operation of
nuclear stations -"ith their hish capital cost that they should be connected
to the national transmission system. Since the cost of a unit of eléctricityr
procuced By a nuclear power station is tho same vherever the station may be,
they can make their most economical contribution to the nation's power
requirenients if they are remote from the coalfields, and as close as nozsible
to the load centres which would other.ise depend on importing energy in the
form of either coal or elzctricity produced further zway. The south of
Zngland, which has n2glizible supplies of coal, anl zn electrical demand

approaching half that of the whole country hacz to import energy. ZSimilarly
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Larcashire and l'orth Chochire ith heavy irdustrial leads, also have to imrort
elcoctx 1ca¢ ener.y, because there is incufficient locul coul of th2 lov prades
used in Do rer stations and thercfore thers is cousiderablc economic advantage
to bef:aincd by siting nvclear stations in these arsas (5). '

Because of their lor ruaning costs, nucloar stitions are operated
to sunply the base lood, and up to the presznt thoy have been so sited to
meet the ~rovth of donond vihere indigenous ‘uel is scarce or costly. A4ll the
nuclear stations so far constructed have been sited in accordance with the

roote sitine policy zd .pted for the first nuclear programme in 1955. As

i
nyclear pover becories progrescavely chcaper coupared with pover from fossil

fuels, there 111l be @ teadancy to mite nuclear stetion. nearer to the source
of demsnd in order to reduce the trans~ission connactions. Tor the post Ffew
years the C.T.G.3., the UV.i.A.Z.A. anG the Inspectorate ol liclear
Installations have been studyinc the possibility of changin; the siting
criteria to take account of the improved safety characteristics of the iost
recent design of reactors. In February 1963 the lLimister of Fower announced
on the advice of his lMuclear Safaty Committee that future nuclear stations
may be sited much nearer to built up areas than has so far been peruitted
subject to individual consideration of each proposed site, and that the
propesed nev stations at Seaton Carev, near Hartlepool anl at IHeysham ‘rere to
be considered in the light of these recoimmendations(6). IHe later, in reply
to a Parliamentary question said that he vas considering the nossibility of
publishing a short /hite Paper setting out the considerations and rrincirles
recormanded by the Fuclear Safety Advisory Conittee (7).

At the time of writing the C.”.G.B., is investigating the possi-
bility of siting a nuclear power station adjoining tke River Tamar in Devon
within 10 miles of Plymouth, which vould be closer to a dense centre of

opulation than any existing nuclear pouer station (8). The result of this
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trend will be that the existin~ pattern of nuciear power station siting will
slowly change and it is quitz possible that within a decade nuclear stations
may be constructed in the built up osrea of large touns.

Reference hus been made to cozl, oil and nuclear fuel; there is at
the moment no other fuel likely to be available to the C.2J.G.B. in any
significaﬁt quantity to affect the present position of pouver station siting.
The Board has undertalen research studies into other forms of direct
generation of electricity which emnloy thermionic diodes, fuel cells and
pagnetohydrodynamics or nlaszia techniques. It is not thought that any of
khége methods has yet produced electricity commercially.

Natural gas from the North Sea is also currently under investigation
by the Board. A pilot scheme for the conversion of & coal fired station to
naturel sas vwas undertaken at Hams Hall power staticn (9) and expesrience is
being pgained in its use. It is too soon to forecast with any certainty the
extent to which natural gas will be used for this purpose in the future. The
extent of hydro-electric schemes and pumped storcze are unlikely to be
sufficiently significant to affect the main geograrhical pattern of
generation in Zngland and Wales.

During the financial year 1968 - 69 the Zoard used some 6 million
tons more of coal than would have been justified if they had been permitted
to operate solely on the most economic fuel. The.éovernment fuel policy to
assist the coal mining industry being implemented under the Coazl Industry
Act 1967 enables the Board to be partially reimbursed for the financial loss
it incurs. The Board has estimated that by 1970 the total fuel used will be
gbout 100 million tors coal equivalent per year; about three quarters will be

coal and the remainder divided between oil and nuclear (10). .
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3.5 Georranhical Pattern of Pover Flow

The shape of the transmission network is determincd by the
geogravhical patterns of the consumers' demands for power, and of the
location of ‘power stations. The siting of new generating plant depends
in the first instance on technical and economic suitability the main
features of which have already bcen discussed. In order therefore to
appreciate how a programme for transmission reinforcement is prepared it is
necessary to review how the future estimates of the demand for electrical
power is assessed. In March of each year tnz Electricity Council reviews
the load forecasts five years ahead as a basis for the programme of
construction of new power stations and transmission lines. The maximun
demand on the system last year was for 35,818 ¥V (11), which was smaller than
anticipated. The Council's load forecast for the winter of 1972 - 73 was for
54,000 4 (12) and this figure wes readopted for 1973 - 74 (13). This slover
rate of increase in maximum demand reflects the Council's assessment of the
éffects of devaluation and the Government's economic measures. The prescnt
forecast represents an average anuual growth rate of 7.2 per cent, w
roughly equivalent to doubling over ten years. This forecast falls far short
of the expected demand of 70,000 MW by 1971 which the supergrid had been
planned for in 1960. There is at the present time a substantial marsin of
generating plant capacity which because of stations already under coanstruction
will tend to increacze still further until about 1975 unless the annusl growth

. |
rate for electricity increases considerably in the mesntime. At the present
rate of increase a maximum demand of 70,000 M should be reachzd by 1980 and
at that tine if the pattern of generaﬁion envisazed today is followed, the
existing large concemtration of power stations on the Hottingham coalfields

will be exceeded 301nt1j by other ccncentrations in North Vlales, the Bristoel

Channel, the Central South Coast, the Thames Istuary and South East Kent and
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the East Anglian Coasts. dAbouf two-thirds of the peak demand to be supplied
from the new power stations will be used in Greater London, the South
Yestern, [idlands and the North Jestern arsas. The general level cf bulk
pover movement, shown diagramstically on liap Mo. 8 (14), is in the region of
4,000 I} over distances of 50 to 1C0 miles, but tramsfers of hloclis of nower
up to 8,000 I from the centrzl coalfields tovards the Yest Midlands
comurbation, and 6,000 i/ to the London aresa, a total distance of 1CO to
140 wiles, are likely to be recquired.
; The policy of concentrating as much cozl fired generatinz plaont as
possible on the liidlands and Yorkshife coalfields as illustrated on !lap Fo. 9
(18) which shows thot a larger amount of energy is expected to be transierrad
electrically to the South and Forth Vest from these areas, than is undertaken
by transporting coal.

The geosraphical pattern of the supergrid as planned in 1950 to mest
a total demand of 70,000 IIJ is shown on !ap No. 12, and is the practical result
of meeting the anticipated electrical power flows shown on ifap Ne. 10 (15).
Thz power flow shown represents just over half the total electrical denand in
1980{ the remainder will be provided by generating plant nearer to thc load
centres and carried by the lower voltass networks. The major power sources
are illustrated by the circles, the diameter of circle representing to scale
the pover available for export after local nceds have been met. The
coloured strips indicate the route along which the power flows, the direction
. being ;lways towards the vee point. The width of the strip reprcsents to
scale the magnitude of the power flow. The map shows substantial power
imports into the Greater London area, these being derived mainly from pouer
stations on the Thames Estuary ond from others on the Zast Midlands coalfields,
but with some assistance from stations on the Severn estuary and on the scuth

coast. Appreciable power imports are also raquired into the FNorth “estern

—
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area, these being derived partly from power stations on the Yorkshire ccal-

field and partly from nuclezr stations in Forth 'Jales. Along the south coast

the centres of

demand are sprzad ovar an area extending some 300 miles from

¥ent to Cornwall and absorb practically the whole of the available power from

the three major sources at Hinlkley Point, Southampton and Dungeness,

It will be observed that certzin channels aprear to carry compara-

tively little »owsr, but the nowver flows illuszitrated are those which are

expected to occur at the time of winter peak demand with all cenditions in

accordance with average expectation. Tven in norma2l conditions, however,

{bedause electricity demand varies greatly from hcur to hour, day-to day,

/

will they vary

major items of

and season to season, the vower flows will also vary greatly. Still more

-

in the event of exceptional circumstances such as failure of

transmission eguivment or generating vlant, T

o
®
-

e

channcls are therefore complamentory tc the more heavily ioadad channzls

servines the same section or arca. Tnis disnosition of supply and demond of
(o] -

electricity has necessitated a reticulated transrmizsion system with country-

side coverzage.

The naximum tranznission capacity requirer nurely for interconnect-

ion purposes, even betwesn two halves of the 70,000 IV system,is estimated

from past experience to be about 3,0C0 IlY. Ioreover, it appears that the

totzl power fed on to the high voltage system at times of pezal: demand will

be over 50,000

Y out of 70,CC0 IV and this must be distributed to the

lower-voltage networiss at widely spread supply points. These fijures indicate

that we may see a gradusl change in the function of the transnission systen

over the next 15 year=z. Bulk powzsr transfers from practicable generating

sites to dispersed supply points are likely to assvme increasing importance,

and interconnection recuirzments to exert less influence on the future netvork

structure.

—
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3,4 Operation of the Transmission System

In meetinz the demands of electricity consumecrs, the Board arranges
for the mexinum amouﬁt of generstion to take place at those power stations
which can generate most cheanly, and the minimum amount at stations where
generation is expernsive. The cheapest generation occurs where coal is cheap
and the generating stations are large and efficient. These are almost
invariably modern stations erected on or near the coalfields in the KHidlands
and North. The most expensive gensration takes place at the o0ld stations
Lhich are least efficient and usually where the coal price is high. These
Lst'tions only run for a few hours in the morning and the afternoSn during
thé winter months in order to mcet ﬁhe neak loads on the system.

All plant needs to be maintained and wherever a highly efficient
generating set is out of service its output has to be made good %y sorie other
and less efficient generating plant. The additional cost of nof runming
highly efficient generating plant can be very considerable, for example,
putting a 200 Y generating unit in the liidlands out of service could increase
the total costs of generation by something of the order of £3,000 per day.

As the maintenance of a large unit of this type requires about 28 days in a

year there is a strong economic incentive to reduce this period. The Board

have experimented with 'crash overhauls' to ses how far this maintenance
veriod can be reduced, and the Board says that techniques have been
developed which can produce appreciable reductions in the time reguired for
servicing.

One of the specizl problems in running the Grid system is to 'ensure
that the maximum amount of gzenzrating plant is svailable during the winte£
months of December and January during the period of peak demand. This caﬁ
be done only by ensuring that all overhauls of plant and lines aré carried

out completely during the remaining ten months of the year and that the

incidence of breakdown is kept to a mininum.
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The outfuts of the generating statiouns in Englana and Wales are
co-ordinated by a National Contrcl Centre in London, through seven Regional
Control Centres at Iewcastle, Leeds, Manchester, Birmingham, Bristol, Thames
Hortﬁ and Thames South. Thers is also a tie-line to a Scottish Control
Centre in Glasgow over which an interchange of energy is arranged betucen
Scotland and England on 'z day-to-day basis.

3.5 The Tconomic Justification for a Transmission System

The justification for a transmission system, is that it is cheaper
to 5uild one than not to, for the following three main reasons:-
1. By connecting all power stations to a national grid thére
is a capital saving in the amgunt of standby plant that is
required.
2. It is more economic to run the more efficient generating plant
to meet varying demands made on the system.
3. It is more economic to transmit electricity than to carry
the equivalent amount of coal.
It is proposed to examine each of these statements, an? to see if
they can be quantified.,
The first beneficial effect anticinated by the establishment of the
Grid was a reduction in the amount of plant required to meet a given power
demand., A generator held in reserve at one power station could stand by for
other generators that might breakdown, or have to be taken out of commission
for maintenance. During the vre-Grid period the amount of spare plant to |
provide against possible breakkdowns had been increasing steadily with the
rising size of generating units, and the trend is shown in Diagram 3. The
reversal gf this trend is seen after 19353 when the effect of theEGrid had

become apparent.
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I Diagram 3. Effect of Grid on Plant Capacity (17)

Béfore the Grid came into existence the spare plant m%rgin was of
the order of 40 per cent; this has been gradually reduced to 26 per cent in
1936, 15 per cent in 1950, and by 1950 to 10 per cent. Although on occasions
since 1960 the margin of spare plant has been less than 10 per cent, the 3oard
has adopted this figure as a reasonable minimum in order noit to put the systen
at risk by making it lower. |

Apart from the saving in capital charges the Grid made.possible the
allocation of load in accordance with cost efficiency enabling the most
efficient stations to be run for long periods and the least efficient to be
relegated to peak load duty. By 1939 for instance only 30 of @he_171
generating stations under the direction of the Central Electricity Board w=re
kept running throughout the year and 14 of the most ecomomical stations
supplied 50;. of the total units generated (18).

In 1960 it had been estimated that the fuel saving arising from
the interconnection of power station to enable the most ecomomic operation was
in the order of £35 million a year, and that a further anﬁual saving of &4 to-

£5 million is achieved by the transfer of'largé blocks of power between areas.
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It hos been estimated that the disconnection of a single major transmissicn
line could result in additional generation costs of as much as £10,000 per
week ?19).

! It has already been mertioned that the rising coal requirements of
the péwer.stations can only be met econonically at present by taking
increased supplied from the ilidland, Yorkshire and North Eastern coalfields.
On thz other hand the most rapid growth in consumption of electricity is
taking place in southern Zngland. Studies of comparative costs have demon-
strated thqt it would be cheaper to carry out this energy moveménf by means
of electrical transmission rather than by moving the coal. A 275 kV
téénsmission lire with a transmitting.capacity of about 1,000 M would in
24 hours carry the equivalent of 20 train loads of coal which is zbout the
daily consﬁmption of a modern power stafion.A Diagram No. U shows the
combined costs of transporting éoal to a power station of 1,350 ! output
capacity, and then transmittirg its electrical ocutput at 275 kV to the.
point of deﬁand. The red lines give the combined costs for powsr stations
situatgd either at the load centre or at two stated transmission distances
from it, and at %arying rail transnort distances from the coal %ource. “he
green lines give costs for power stations sited at two stated rail transport
distances from the collieries and at varying transmission distances from the
load centre. It must be added that in central Inglend it is possible to site
larger power stations near the coalfields where the rivers can provide water
for cooling towers, whereas in southern Zngland, because of lack of Q%ter,
the nearest practicable power station sites to a distribution centre may be
as much as 60 miles from it and in the opposite direction to the coalfields.
Consequently, the total distance of energy movement is shorter if the stations
are built in central ZEngland.

* The British Electricity Authority claimed that the Supergrid would

“save in the order of 23,700,000 per anmun by 1960, when the majority of the
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new Supergrid lines would be in operation. The iAuthority also claimed thal
the savings by delaying the installation of generating plant to provide a
five per cent additional total capacity would work out at £5.1 m. per annum,
and the saving in coal transzort, less cost of electricalltransmission
vould be another £3,2 m. mating a total of 8.3 n. They allowed £4.6 m,

for fixed annual costs and charges for the Supergrid vhich produced a
saving of 23.7 m. per annum (21).

The total cost of the 275 kV Supergrid was £78 m. (22), but is
fhought by the Board to be completely justified by the saving of the cost
Iof/new generating plant'fhat would otherwise have become necessary. The
.coét of this additional generating plan} has been assesséd by tﬂe Beard at
2150 m., nearly twice the cost of building the 275 XV Supergrid..

The cost of a 400 KV iine is about twice that of 2 275 KV line,
£54,000 a<mile compared with £27,000 a mile, and the cost of essociated
equipment such as switchcear and transformers are also higher for the 4CO0 kV
line. On the other hand the carrying capacity ef the 400 kV lin:e is about
three times that of the 275 kV line, so that three times the nower can be
carried for twice the cost (23).

The essential elezance of electrical transmission is its remark-
able rapidity and efficiency; 97.5 per cent of all the electricity sent out
from genéraﬁing stations reaches the public. Taking into account capital
charges, naintenance, and operation, the total operating costs of the main
tran#mission system amounts to about 3 ver cent of the cost of eleﬁtricity
to the consumer,

3.6 Cbncluéion

There will be a trend tovards siting nower stations both nuclear
and conventional coal and oil, ncarer to load centres in order to-liait the

extent and cost of transmission. Inlahd siting of nuclear power stations,
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using cooling touers, closa to porul=ztion centres, are now caming to be
accepted., There vill alsc be a place for natural gas generation, and
pumped storage schemes for quickly nmeeting sudden peak loads,

The main transrizsion netwvorl: established by the earlﬁ 1670's
is likely to remain adequate throughout the follouiny decade, but among
the outstanding problems that still have to be faced in completing the
supergrid is the transmission of large blocks of electrical power in a
manner acceptable to the public. The effect of this on land use and

amenity will be examined in succeeding chapters.
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PART Th0:  QVZIFEAD ELTTS 4D IDERGICU D CA:LES

CHAPTER FCUR

Routeing of Overhead Lines

«1 Introducticn

.2 FEngineerings Conciderations

«5 Amenity

4 4 Mathematiral . Method of Line Routeing
«5 Concluzion

o~ =l i

k.1 Intrcduction

The engineering reguirements, and considecrations of amenity, are
the two easily diétinguishable aspects of overheadxline routeing, and it is
proposed to examine in detail'the various factors involved in both of tieri.

iTHL route of the line depends largely on matters outside enginedring desiga,
a;d consequently it becomes necessary {o recoacile overall planning deuands,
sugrestions and opinions with engineering costs and efficiency. The

responsitility for establishing the route of a line is that of theIWayleave
Officer, but ideally the task is best carried out jointly betwebn meincers

. !
and WAyléave Officers, so that a satisfactory pompromise ray be achieved
ibétween the best amenity and engineering rcutes. It is proposed first to
consider the engineering requirements of a transmission line, and thea to

examine how far these may require modification to tuke account of visual

4.2 Engineerins Considerations

|
amenity. . ' ‘

The éngiheering considerations which influence the choice of
overhead lines are foundsd cnffwo basic reguirements. Firstly, that tae
line should be constructeq at the lowest possibl;Téﬁst, and secondly, that
the line should be capable at éll times of carrying efficiently the electrical
loads requiring transmission. These reguirements are related to the
apparently simple problem of obtaininé the shortest distance between twol

substations, but the Engineer and Vayleave Cfficer will have many consideraticns'

T
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in mind that will of necessity deflect them from the shortest route. Nauy
of these considerations ani problems arise directly from the physical
geography of the area. One of these is to-consider the bearing quality of
the ground for the tover foundations, whilst at the same time trying to aveid
good quality farmland., The Board has demcnstrated its ab ility to build
towers on any quality land even on marsh and peat beys although this would
not be done if a reasonacle alfernative wvas available. To construct a
|

tower on bog would require piled foundations iavolving extra cost of betwecn
£1,200 and £6,000. In addition to this ccst there is a greater possibility of

/
severe disturbance to thec adjoining ground caused by the process of
‘bulldlng the tower. The Zngineers have to be censtantly aware of the dangers
of subsidence in éining areas, and if such areas cannot be avoided a special
foundation construction is adorted. It is tuouu“t that the 3oard would
be unlikely to purchase an area of thé underlyinz mine to be specificaliy
preservad from mining in order teo assﬁre support for the touer. The
economics of this situation seem to suggest that because of the hundreds
ef towers involved, and the large quantity of coal that would be steriliged,
it would be cheaper to replace those few towers that tecone seriousW"
affected by ground settlement,

In observing the position of towers on undulating ground there
seens to be a nreference for aagle towers to be sited in hollows, anl the
straight lire towers on brows of hills. This is appareatly done for an
engineering reason as 2 more ecoacmical tower is possible.under taese
circumstances.

The Board prefers tc avoid routing a line across high ground
over 1,000 ft. above ordnance datum because of tie dunzer of icing on the

fowers and conductors, which may under severe ccacitions cause them to

break. Photographs No. 3 & !t show examples of the effects of bad winter
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weather which is aggravated under such conditions. In such si%uations

the %ine becomes more vulnerable to strikes of lightaining and freask
high;winds. It may be neéessary tc rzduce the distance betueen tovers over
_par%&cularly high and exposéd areas in order to reduce thece haza;ds.
Urdulating ground does not normally present a problem, but siting towers
on a steep slope would increase the cost of foundations, and also the
.height of the tower, this increase in height is reguired to eusure that a

| . .

statutory minimum distance is maintained between the conductor and sloping
ground uth the conductor is blown towards it. |

!/ Vehicular access is required to all tower positions both for
?onstruction and subsequent maintenance 61 the line, and the engineer will
élways have in mind the costs if extended access roads have to be built
across wild and remote cowntry, or if special transport equipment becomes
necessary.

A considerable tonnage of steel and concrete is involved in the

construction of a tower. In the case of QOCkV straight line tower it

would be approximately 82 tons., This tonnagze is increased six fold for

an angle,tower, and for a 4OCkV terminal tower 650 tons of material zre
required. From this follows a préference to build angle towers near to

a highway for easy access. Unfortunately such positiqns tend to make

these larger and bulkier towers even more obvious to the publics Easy
access to tower sites is not only important for construction ané maintenance,
but particularly when faults cccur vhich are more likely under adverse

winter conditions, when tower sites may become inaccessible due to

flooding.

The Engineer for reasons of econony will plan the route to be

vy
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as straight as possible (1), but where chzonres of direction tecome

necessary he atteumnis to keep each section as long as possivle in order

to reduce the number of angle towers. A&n angle tower costs approximatzly
|
. . Lo e
£5,C00 more than a straight line tower because of the larger foundatioas,

incrleased wéight of steelwork, snd the increased number of insalators.
The Engineer endeavours to keep each straisht lenzth of line a multiple of
the basic span, waich in the case of 400KV line is 1,200 ft. betueen tcuers
,(2). The most econowmical line will therefore have secticas of 2,400,

3,600, h,?oo ft. etc. up to two and half to three niles, which is th

recormended maximum length of one section.

H All of these pureiy engineering considerations interact to

varying degrees- of advantage or disadvantage on many practical amenity
l

and ad%§nistrative matters. The Vayleave Cificer has to modify the
" optimum engineering solution becanse of many of these other factors., Tor
instance he will support the Ensineers' wish to keep the number of anzle
towers to a minimum, and the angzle of deviation as small as possible,
because not only are angle towers more expensive than straight line
towers but they are larger, more obtrusive, and give rise to greater
amenity objection. Uaen angle touers do occur he will attempt to site
them straddling a fence, hedge or ditch to create the least obstruction to
the use of the land, but this procedure may need tc be modified by local
requirenents and custcm.. If an angle tover can be sited near a road for
ease of access it can also help tc reduce appreciable the amount of camnze
to land, as well as reducing the coastrivction e#forf.

It is preferable to avoid crossing motorways, as the ¥inistry

¢

of Transport is usually reluctant to allow them to bve closed whilst the

b}

line is being strung. In order to prevent interruption of motorway traffic
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it becomes necessary to construct scaffolding across the fulllwidth, ana
it is therefore more economical if such a crossing can be made as near to
a right angle to fhe road as possible. A recent éxample of this is

shown on photograph 6 where a crossing the the M.l was required. This
would seem to be an expensive as well as hazardous operation and one
would 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 hé#e been a practicable as well aé economic proposition. A similar

but less onerous problem arises with the crossing of railways, waterways,

and canals. The Board also tries to avoid crossing houses and gardens,
{

’b%cause of the difficulties of scaffolding, and possibility of damage to
péivate 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 Airfield;,_
or thbse which may be required in an emergency; similafly civil airfields
are safeguarded by the Board of Trade by ensuring that no buildings or
structures exceed a présbribed height/for given surrounding areas. Uith
considerable number oflairfields in this country it is not surprising that

almost every major route has a diversion to avoid an airfield. In the case

of London Airport it became necessary to put underground a short section

_of line where it crossed the flight path, and in at least three other

cases at Lydd, (3) and Filton and Biggin Hill Airfields the Board was obliged

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 pf Defence is










Please turn over for:-

Map 16. Showing part of the Northfleet - Addington 275 XV line which
passes within half a mile of the northern end of Biggin Hill airfield
in Kent.
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responsible for the many zites of radar stétion 2nd ensures that toverc
. |
de not chstruct the "scanning field" of the apparatus. Similariy the
Admir#lty sre responsible for certain installations and require to be
.
consulted. The whole of the coast and most tidal waters come under the
jurigdiction of tne Admiralty, the Board of Trade =znd various harbour,
navigation and dock authorities; w#ho ensure that coast defences and
névigation are not prejudiced. There are also certain safeguarding
restrictions around some G.P.C. installations including direct heam
television!and telephons channéls.
|

|
If it is reasonably possible thae Board prefers to avoid the

]
crLssing of two overhead line routes. In order to meintain the minirum

eiectrical clearance betwesn conductors the crossing of lines has to be
arrangsd by lowering one line by using gantries instead of towers, or
alternatively lifting one line over the other on higher towers. 3Both
methods appear clumsy and 2dd to the cost of construction.

There is a possibility that if an overhead line should run
parallel to a railway.or trunk nost office line, induced currents may
cause some interference (4). The Board usually offers to pay for the
undergrouwriding of such lines to avoid any chance of this happering, if
it. should not be possible to route the Board's line in any other direction.
Apparently the nearer te a right angle crossing of lines the less chance
there.is of electric currents being induced that would cause telephone,
radio or television interference.

Having establishei a general route for a line that is likely
to receive the comsent of tie Hinistry of Pover a line profile is rrepared

by the Board from which tlie most economical arrangement of towers is

e
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calculated. It is at thié stage that consideration is first claiwed to Te
civen to the wishes of the landovmer. If ti:e length of a section
aprroximates to a multiple of the basic span, then with use of tower
extensions, movement of intermediate towers along the line islﬁormally
possgble. For example, assuuing satisfactory ground econtiurs and using
toweL 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 Iaiineer,
bhaving learnt of any specific wayleave requirements, will try and fixz fhe

]

%owers in'a section so that the most econemical use of extensions is obtained, |
keeping tﬁe spans in any section as even as possible, and avoiding using
very high extensions. Flexibility of tower positions will usually be :
gossible by using extensions. The Board usually obtains an aerial swrvey 4
for.long lines. The advantages are mainly speed, but the fact that

I
‘ground survey consent is not required weans taat tower positicns, or W

|
alternative route profiles can be obtained without having to maie rejeated
ground surveys acress azricultural land,

~Every time a proposed route iz amended it will require an

engineering assessment involving most of the fapto;s that have so for ween
rnentioned. The cost and trouble of such an assessment is ho doudt a
material consideration why t..e Board sometimes seems to show a reluctauce

to seriously consider 2lternative routes.

4,3 Amenity Asnects

[ ]

daving considered the engineering factors involved in planning
the route for am overhead line, it now becomes necessar: to examine o
the optinum engineering solution may cecome modified from the consideration
of visual amenity. This is the aspect of the job which causes the greatest
concern from the peint of view of the publié. The general question of

amenity and the Board's Policy will be discussed later but at this stage

~ ~

1
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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.
i From their experience the Board's Wayleave Officers, when
plotting a route will know what sections of the line will cause the greatest
ameniéy offence, and by anticipating it, it might be suggested that they
will do their best to mitigzte it effect within their own terms of reference.
The Wayleave Officer should have obtained information on any protected land
designated a National Park (55, Area of Outstanding Natural Beauty, Naturé
Conservancy Area, National Trust Property, Green Belt, as well as the

|
location of any Ancient Monuments, and Histofic Buildings, and by being aware
offthem would endeavour to avoid them.
“ In 1§59, the first of the 275&V supergrid liﬁes were beihg 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 tﬁe public and Local Authorities!
attitude to the idea of supergrid lines, which made the ﬁayleave Officers
encounter more opposition in their 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-tﬁe time of nationalization of the industry the
Minister of Power recognised that the Board in order to meet its statutcry
obliéation to have due regard to amenity would require expert advice.
For this purpose Lord Holford was appointed a part-timé.member of the
Board. Both Sir Christopher Hinton, the Board Chairman, and Lord Holford
spenf much of their time considering this problem of overhead line routeing,

Sir Christopher Hinton 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. Irn November 1959
Lord Holford read a paper to. the Royal Society of Arts (6) on the subject

of preserving amenities in whi;h he put forward seven rules as a general
guide to Wayleave Officers in selecting routes for overhead transmission
lines. The Board has said that nearly ten years' experieﬁce of the "Holford
Rules” has confirmed that they are 5till as valid today as when they

were first proposéd. Because they are still said to be so important it
is:worthwhile quoting them in full:=-

‘Thé Holford Rﬁles:

11, Avoid altogether, if possible, the major areas

of highest amenity value, by so plamning the general route
of the line in the first place, even if the total mileage
is somewhat increased in consequence;

2. Avoid smaller areas of high amenity value, or scientific

. interest, by deviation; provided that this can be done
without using tco many angle towers, i.e. the more massive
structures which are used when lines change direction;

3. Other things, beinz equal, choose the most direct line,
with no sharp changes 6f direction and thus with fewer
angle towersj

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

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

5. Prefer moderately oven valleys with woods, where the
apparent height of towers will be reduced, 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 peoles, and other mastis, .
wires and cables, so as to avoid a concatenation or "wirescape';

7. Approach urban areas through industrial zones, vhere they
exist; and when pleasant residential and recreational land
intervenes between the approach line and the substation, go

WYERET,
ERBE 0y
: & NTALLS

‘\\_\. M

ol



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,
ahd that every situation should be judged on its merits, he went on té sayf

"the effect of rarity is nearly always to qguicken the

emotional content of any particular form of beauty and
enhance its value,"

The Board says that their Wayleave Officers are trained to
keep a keen eye open for the ''rarities''y, whether they be unique views or
panoramas, areas of "transcendent'" natural beauty, or '"the onlj,bit of
.gréen space for miles around". They are also expected to anticipate the
reasonable requests of property owners, e.g. the line should not pass'in
front of houses if there is an equally acceptable route to the rear or.
"plind" side of thém. Similarly they should nct route a line across first
class arable land, if a reasonable route was availatle acrqss‘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 sorie extent by the effect of the line
entries, It is usual therefore for the investigation of both to bevcarried
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 bé expected to adjust tue straight line route to suit the
.8pecial features of the distriqt through which it passes. A map at a
scale of 1" to 1 mile is often used for this preliminafy plotting. The
Board then usually makes an inforﬁal approach to the Flanning Autkority,

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

P -
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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 elavorated in chapter seven of this

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

L. 4 A Mathematical Method of Line Routeing
The routeing of overhead lines would seem to be determined by
the varying importance attributed to these engineering and amenity factors

anﬁ for the intuitive feeling and local knowledge of the Wayleave Officer. .

) / .
fOﬂe may ask whether the routeing of a line could not be dealt with as a

méthematical exercise, but frequently such an approach is abandoned when
an attempt is made to quantify visual emenity and natural beauty.

There was however one instance when a mathematical solution to a
routeing problem was proposed. This was advenced during the course of a
public inquiry at Lewes into the Lydd to Bolney 4LOkV Line (7).‘-This
method recogniéed that the main objection tc any particulaf route was
likely to come from those people who wished to preserve the beauty of the
countryside. To discéver the best amenity route they attempted to devise
a method of measurement of the overall obtrusiveness of & line and %o
develop a tecﬁnique for computing which route minimised the obtrusiveness.
A formula was devised which quantified nuisance, and extended it to enhance
a ségment of overhead line. 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 a2 line sought which joined the lowest points.

Acting for objectors the firm (8) that developed those mathematical

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

Sir Christopher rejected this suggestion on the grounds that
people would resent the use of computeré as being a seemingly.mechanical
solution to a human prcblem. He beliéved that in routeing lines detailed
consideration must be given to many factors which could only ber 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
end-product would never be more than an elaborate way of stating what must
‘alQaysiremain a matter of'individual judgement. Sir Christopher said that
“the studies would be very'time—cohsumiyg, and he thought it unlikely that
they would be an unéésailable ansver to the Board's'critics, or that they
would minimise_délay and dispﬁte inasecuring approval for the Board's
plans. On the contrary, some critiés would say truthfﬁlly‘thaf they coﬁld
be no more accurate than the human judgements upon which they must 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 embarréssed 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 political and
perhaps organisational factors rather than by a scientific and objective
assessment of the method.

Mr. R.E; Hammerton an objector at this inquiry 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-meaning



106.

but hit-and-miss method of one or other of the Board's officials tramping
across thevcountryside and using his own feelings and views as the basis of
a tentative line. It is to be héped that these wprds of Mr. Hammerfon

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

computors.

4.5 Conclusion

j i It will be appreciated that there is no quick and easy answer to

o

!t?e ppoblem of routeing overhead {ransmission lines, and it represents a
rémarkable achievemen£ of engineering and negotiation to obtain the consent
fér a line without an objection being pressed to a Public Inquiry. Because
of all these sometimes conflicting interests which cannot be fully reconciled
there is 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
factors involved and the influence they exert it is proposed 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 Lancashire.
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CHAFTER FOUR

References

1. The cost of a 400 kV overhead line is £65,000 a mile, every
extra yard increases the cost by about £37. Span. March 1965.

2e In the case of 275 kV lirne the optinum span length is 1,200 ft.
and for 132 kV is 1,000 ft.

3. On the short length of line between Dungeness Nuclear Power
Station and Lydd Substation it became necessary for a distance of about
three quarters of a mile to keep the tower height down to about 110 ft.
Nine standard 40O kV towers were used with the peaks removed and without
the bottom two lattice bays. The towers were also placed much nearer
together being only about 150 yds apart, and the conductors were strung
with tension insulators instead of suspension insulators in order to
(reFuce the sag of the conductors. :

/
4, Hansard. House of Commons, 20.12.66 Vol. 738 Col. 2LO.

5. This early and informal consultation with the National Parks
Commission on the routeing of overhead lines through National Parks
and Areas of Outstanding Natural Beauty was agreed in about 1355.
Sixth Report National Parks Commission, 1955. Page 21,

6. Power Production and Transmission in the Gountryside.

Preserving Amenities. Sir Christopher Hinton, Chairmar C.E.G.B.

and Sir William Holford, C.E.G.B. part-time member. Two papers read

to the Royal Society of Arts on Wednesday, 25th November, 1959 Published
R.S.A. Journal December 1959. Volume 108 p.p. 180 - 200 Reprinted by

C.E.G.B. 1960. This is considered to be one of the best statements of C.Z3.G.B.
Amenity Policy.

7. The Inguiry was held from 31.10.61 to 8.12.61, and this
mathematical method was mentioned in the Estates Gazette 1.8.6h. .

8¢ The firm was called S.I.G.M.A. - Science in General lManagement -
Cne of the objectors to the Iydd to Bolney line was a director of this
firm. '
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CHAPTER FIVE

Transmission Lines. Their Effect on the Land
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5.1 Introduction

The Generating Board has nearly 9,000 miles of overhead line on
about 51,000 steel lattice transmission towers (1) which occupy a total
g;ea of just under 400 acres, or to pu? it anothér way there is about one
tower for every 745 acres of England and Wales (2). At first it would
seem that the effect of overhead lines on land would be modest enough but
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 invadelhis right or interest
in his land without lawful authority. This chapter examines briefly the
statutory powers the Board possesses to enable it to erect overhead lines,

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

woodlands and buildings.

5.2 Statutory Powers to Construct an Overhead Line

When the Board wishes to erect a tower it requires an easement
over the land. The legal definition of an easement is, "a privilege
without a ﬁrofit", it is a right attached to one particular ﬁiece'of land
which allows the owner of that land either to use the land of anoﬁher

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 uoon its owner no proprietary
or possessing right in the land affected. It merély imposes a definite

: ’ «
and limited restriction upon the propietary rights of the owner of the

|
land.l

i
j Whenever the Board pays a capital sum representing depreciation

to a property due to a grid line they also require in return thé grant of

a permanent easement for the line. If the easement were not permanent

other claims for depreciation could be made against the Board, and the same

1 .
clain for which they had already paid could be made by a new owner if the
préperty cﬁanged hands,

{/ Normally the Board gets security to tenure for the line in
pérpetuity, but there have been very feir cases where the owners Qould grant
an easement for only a limited time such as 21 years. '

The Board can construct lines above ground only with the express
consent of the Minister of Power. When the Minister has consented to the
Board's proposal to place an overhead line, the Board is still obliged to
obtain wayleave agreements with the owners of the land along the proposed
route. There is nothing to prevent the Board from negotiating wayleave
agreements before the Minister's consent has been given. Tﬂe Board usually
endeavours to obtain as many wayleaves as possible before applying for
consent for the line, as the Minister's attitude towards the apolication at
this stage is largely determined by the degree of co—operafion-or othervise,
shown by the landowners affected.

Under the earlier eléctricity Acts the linister's consent to the
proposed line had to be obtained first, and wayleave agreements negotiated
only after that consent had been obtained, but amendments made to the

Electricity (Supply) Act, 1926 provide that both these steps may be made

concurrently. (4) : ¢
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When the Board has obtained the Hinister's consent to the
. placing of an overhead line over privately owned land, the Board must
tell both the owner and occupier of the land of its intention and give
thewm details of the towers and lines it wishes to erect. If an owuner
or occupier is unwilling to enter voluntary into a wayleave agreement
the Board has powers (5) to obtain a compulsory wayleave.

The possibility of a landowner's objection being prejudiced
by the lMinister's consent to a line was recognised at the time the
Ele?tricity Act, 1957 was going through Parliament. It was due principally
tc the representations of the Country Landowners Association that the Act
made specific provision to ensure that objections to wayleaves Qere not
prejudiced. (6) When the Board makes application to the Minister for the
placing of a line and it is stated that not all of the wayleaves have been
agreed, the Minister may nevertheless give his consent to the line, subject
to the condition that the actual work of erecting it'shall not proceed
Qithout his further permission. This provision attempts to meet the
criticism that an owner or occupier of land who objects po granting a
wayleave is 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 linister has consented to a
line, even if it does have_conditiens attached that it may not be built
without further permission. It seems to an objector that the Hinister
has said that a iine 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 Minister of Power.
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5.3 Compensation

Every landowner having a tower on his land is entitled by
statute to compensation:-

| "The undertaiters shall cause as little detriment and

inconvenience and do as little damage as may be, 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 nowers, the amount and application
of such comvensation in case of difference to be determined
by arbitration'. :

{

, The Minister of Fower is not concerned with the question of
compensation (8) thus an owner cannot sustain an objection to him, nor
can the Minister impose a condition concerning the payment of compensation
p@ the Board when he gives his consent, If the amount of compensation is
disputed it may be 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 ffect on Agriculture

Imnediately following nationalisation of the Industry
consideration was given to the standardisation of the terms and conditions
for Wayleaves in respect of privately owned property, and of property
owned by Government Departments and other nationised Industries.
Discussions were commenced with the Country Landowners Association and the
National Farmers Union. In 1949 there were 50,000 separate wayleaves
requiring 19,000 separate payments each year. (9)

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

agreed that they should jointly investigate the working time lost and crop
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loss incurred under the mechanised condition of modern agriculture
because of the presence of transmission towers, and that the scale of
compensation payments should be adjusted appropriately. The joint
investigation has been carried out, and the Board, the C.L.A. and the
N.F.U.-have agreed on revised compensation pajments 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
th% wayleaves falls uncer two heads; firstly, an annual rental for each
tower and secondly, compensation for the interference with the husbandry
of the land in which the pé;es or towers are laid, and this in turn depends
on whether the structures are erected on arable land or pasture. These
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 area. The rates given are the revised
rates settled in 1966 which took effect on and after 3lst December, 1966,
and will ke ip force for at least 3 years from that date.

The towers of the C.Z2.G.B.'s 400 kV lines have not been erected
lqng enough for their effect on agricultural operations to be properly
appraised, so it has been agreed that payments forltowers with base
dimensions of 30.ft. x 30 ft., and abeve, shall for the vresent remain
unaltered, but will be subject to review in the light of experience.

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

the Board (11) points to this argument, but it is thought unlikeiy 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 receive
nothing from the Board. Such an arraﬁgement might be made where thé
compensation payable for the damage to the land because 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 whicp had
no prospect of future development. In return for a capital payment the

~ Board will require the grant of an easement in fee simple. Permanent
easements are generally an advantage to the Generating Board as they mean
security f;r the retention of the line, and alsoc avoid possible future
c#aims.

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
erected on agricultural land involving at least 60 trips of heavy loads,
some daﬁage will be caused and in somé 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
positions back and fore along the line is probably greater than the cost
of compensation to the farmer. Various figures have been guoted for the
clear area required around tower 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 this seems to be rarely done. For
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conductor 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 requiréd will
be approximately 100 ft. Assuming a standard height tower and that
stringing will be carried out in both directioﬁs from the one téwer length
of area required in each direction along the line will be approximately
300 ft. The area required per tower position and likely to be damaged is
approximately 2 to 3 acres for.straight line towers and 3 to 4 acres for
angle towers. 20 miles of line constrﬁction may therefore result in land
/d /age of between 250 to 300 acres. Theré appears, however, to be little
'iqcentive to reduce this land damage as it seems to be cheaper for the

'_BAard to pay compensation, rather than'deléy the construction and
comnissioning of the line.

Aerial Spraying of erpé

The 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 practice of spraying his crops
from_the air. The Country Landowners Association and the National Farmers
Union consulted the Board on this problem, and they agreed that the
following clause should be included in the appropriate wayleave agreement:-

“In the event of the grantor spraying any crops or vastures by
aircraft and an area being left untreated owing to the
aircraft's inability to spray close to the works, the grantor
shall takxe all reasonable steps, 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 Board will pay reasonable compensation for any
loss of crop caused by inability to spray from the air close to
the works. Provided always the provisions of this clause are

- conditional upon the grantor having given written notice to
the Board of his intention to spray from the air in the vicinity
of the works or if this shall not be practicable the earliest
possible notice that such spraying has taken place."™



117.

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 g%oﬁnd, and claim from the Board any additional cost to him of giving
that %round treatment., 3Such a claim could arise on a farm where a

j

multiplicity of lines prevents the pilot from spraying all the c¢rop from
the air, but the terrain of the land enables the farmer to spray any part so
untreated by the ground method. ‘i/here the presence of the wires and towers
as well as the roughness of the ground, or condition of crons, prevent
both aerial and ground spraying the farmer can claim for loss of cropn.

i/ It has been difficult to assess the number of successful claims
fgr compensation due to the limitation on aerial'spraying, as agreed
'ciaims are not published. Only those which are disputed and go to arbitration
are recorded, and only one case had been found during the past few years. (13)

This case which was referred to the Lands Tribunal concerned a
farm of 450 acres at Weston in Hertfordshire on which there were six
towers. The advocate for the claimant said that the farm represented a
canital outlay of about £120,000. The existence .of the towers éffected
the desirability of the land and in this case it could lead to the price
being reduced by £20,000, 7This statement was not however supported'by
his witness who said he valued the farm at 117,000 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 particularly stressed. He agreed under
cross examination that aerial spraying had not been used on his client's
farm, 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 £1,400

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 operations, and the loss of amenity value. It is not on record
 what compensation he assessed under each of these heads.
The Tribunal in issuing its decision (14) included the
following statement made by a tribunal member:=-
"] am satisfied that the use of aerial spraying is a praétical
possibility and that such use would be hindered and made mnore
expensive by the presence of the power lines. 7The interference
with the use of air equipment would be a bargaining point in
this district, and I put the compensation under this head at
£700Y,
The compensation was in respect of five towers erected in a

|
f&j{acre field which had been formed by the amalgamation of seven fields,

so/that modern techniques of cultivation could be used.

i
i

This decision leaves no doubt”that the presence of towers and
wires over land can sériously affect the aerial spraying of crops and is
a legitimate 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 natural line of flight of game. Several 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 one unsuccessful case (15) the freeholder tock 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 depreciation of £10 which
he capitalised at 25 years purchase to give a sum of £250., The ?ccupier,
who had shot over the land before and since the towers had been erected,
gave evidepce that there had been no material difference in the bag since
the erection to towers and wires. He had never seen virds fly into the
wires when shooting but had found dead birds under them. The Lands

Tribunal deciéion was that they were not satisfied by the evidence 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 VYayleaves through Woodlands

j Electricity lines passing through or over woodlands interfere
i

with the use of land for forestry throughout the whole of their length.
TDue go the need to maintain electrical clearance it is not permitted to
grow trees to saleable timbgr size under lines, and to varying histances
on either side, depending upon the voltage of the line. For example the
safety requirements for a 400 kV line with the conductors spanning 1,200
feet betwegn the towers, and allowing for their lateral swing in high winds
Twill restrgct the growiné of trees over a total width of 240 feet. Thus
fy; every 60 yards of 400 kV line one acre of woodland would be affected.
"This does not necessarily mean that the whole of this area would require
to be clear felled although this is generally the case, but that trees
must not be permitted to grow within a specified distance of the conductor.
The owner has therefore to be compensated for his loss due to the
restrictions on growing trees under the line. There is not a standard
compensation payment agreed for all the various cases of lines over
woodlands, since the damage sustained by each woodlahd owner wiil vary
considerably according to circumstances and particulariy on the>quality of
the land for tree growing. The main grounds for compensation co#cern the
disposal of timber, clearance of the area and subsequent maintenance,
valuation of the timber felled, the sterilisation of the woodland, 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.

Disposal of trées

Where trees have to be felled the owner is free to decide 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 dépend 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 and maintenance.

If the owner prefers that the Board should net carry out the

. work of clearing the woodland and keeping the strip ciear, the cost of
this work would be an additional item for compensation. This will alsc
arise if increased costs are incurred for any additional work necessary
for the prevention of fire, the control of vermin, and the erection and
paintenance of any additional fences.

Yaluation of timber.

L- / Where trees are to be felled compensation is payable for their

va;ue in so far as this had not been or camnot be recovered by m;ans of

‘a direct sale by the owner. This value'is usually célculated by one of

the following mgthods according to circumstances:;

(a) If the treecs 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 at an appropriate

rate pver cent, according to species and site quality, back to the date of |

felling,.

(c) In the case of yoﬁng plantations their establishment 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 plus compound interest at a rate appropriate

to the species and site quality.

Sterilisation

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

value and compensation usually takes the form of a sterilisation rent, A
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c¢laim based on loss of profits recognises that a tree crop may earn
between 2% and &5 on the capital employed, depending on land fer%ility,
situation and the species of tree planted. Power lines which cross a wood
near to its edge can sterilise not only the strip immediately below, but
also areas on the border of the wood which may become uneconomic to plant.
Sterilisation rent is also payable for such areas and further claims for
vernin control, fencing, injurious affection to adjoining land by enroachment
of scrub, may be justified. The sterilisation rent of £1 per acre per
annym_agreed between the Board and the Forestry Commission some years ago,
dvunderstood to be under review, is not appropriate to every case. This
lwa§ agreed only between the Board and the Forestry Comwission and related to
‘the poorer quality land normally owned ;r occupied b& the Commission.
Examples of compensation rentals known to have been negotiated by Woodland

owvners vary between a figure of £1 and £€5 18s. per acre,

Windblow and marginal damage

Where a swathe is cut through a wood to make way for an overhead
line, windblow damage may result. The cutting of a swathe will also result
in new margins to a plantation., Trees on the margins do not grow as well
as trees\in the mﬁddle of the wood and suffer from exposuré. Compensation
can be claimed for such loss, and cases are known where a wastage figure
of 105 to a depth of quarter of a chain on both sides of the strip has
been accepted.

5.6 TFlectrical Clearance to trees

The Board is often criticised for its apparent lack of care in
lopping and felling trees in order tolstring the overhead line conductors.
(16) Any observant traveller will have seen instances of a swathe cut
through a woodland ghich exposes the heart of a wood and leaves kowers
and- conductors very conspicuous from a main highway. The mutilationvof

the limbs of a tree are frequently seen in the proximity of a line, and

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

Map 19 indicating the location and extent of the air photograph opposite
the map; showing the extent of tree felling through woodland recuired for
the electrical clearance of a 400 kV line, at The Rough Park, Amnrsham.
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Before construction starts, the contractor appointed by the

*  Board to build an overhead line is required to carry out a detailed land
survey and establish the accurate centre line of the towers. It is also
the cqntractor's obligation tc mark all trees to be cut, produce a schedule
locating all such trees and their approximate girth. He.will identify the
trees where bossible, but this is not a condition of his contract.with the
Board., It is understood that the Board has also recently agreed vith the
oyernead line contractors that where woods are concerned the contractor
shall marklthe external line of trees to be cut.

Following this survey the surveyor will indicate the majority of

I

Ht{ees +hat will have to be removed either for the footing of the towers or
sFringing of the conductors. Sometime%’certain trees are excluded from
felling in énticipation that the necessary electrical clearances can be
obtained whéﬁ the conductors are erected. There are however far too many
occasions when the contractor because of thoughtlessness or lack of prover
supervision has felled trees indiscriminately the full width of a swathe
along the whole route of the line. In order to ensure that thisfdoes not
happen and that no unnecessary tree felling occurs it is evident that the
Board should be requested by Planning Authorities and landowners to insist
that these contract conditions are rigﬁrously enforced en every occasion, and
supervised by the Board.

For electrical reasons (17) it is necessary to ensure that all

overhead lines maintain a certain specified distance (18) from the ground

trees and other objects. ‘This is set out in Table 2.
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LINZ VOLTAGE IN sILOVOLTS
0-35 | 33-56 | 66-110 |110-165)165
(132) | (275) } (%00)
Objects MINTMUM CLEARANCTSS IN FEET
Ground 7 17 | 20 21 22 23 25
—
Roads 20 20 21 2z 23 25
Artifacts 12 12 ] . 1 12 15 18
Trees 12 - 12 | 12 12 15 15
Orchards & : -
Hop Gardens 20 20 20 20 25 25
|

ffaﬁle 2. lectrical clearance required to 132, 275 and 400 kV lines.

It will be seen that a 400 kV'overhead line must be kept at least
15 feet away from any tree or hedge growing under the line, and that a
minimun distance of 25 feet clearance is also required from the groﬁnd.:
These distances are slightly less for lower voltages. l

The limits of the height to which trees and shrubs may |be permitted
to remain or grow under high voltage lines are shown in diagram 5. This
diagram is based on standard height towers, level ground, with:tﬁe
conductors at their maximum sag, which is in still air conditions at a
tenperature of 122°F. The righthand side of the diagram shows the
theoretical limit of tree growth height to fulfill the specified conditions
at mid-span, and the lefthand side of the diagram shows the clearance
required at the tower. Apparently a certain amount of discretion is possible
vhen considering the fellipg or lopping of an individual tree. The Board
has said for example, that is might be possible to accept the ri#z‘of a
sound oak tree which could fall within the danger limit, where ié would not

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

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

The general practice of the Board is to fell all trees within

a 70 feet strip along the route of the line, so that the conductor may

be laid out along the ground and winched into position.

After the line

has been erected there is no reason why trees and shrubs should not be

allowed to grow up to the clearance limit.

Photographs 14 and 15 illus-

trate two instances where minimum tree lopping, been carried out at the

insistence of the landowner, has resulted in badly mishaped trees.
is usually better, if the minimum cutting has been done
required electrical clearance, for further tree lopping
to restore the natural outline of the tree. II this is

not easy for the casual observer to notice that the tree has been reshaped.

It
to obtain the
to be carpied out

well done it is

Such tree surgery requires more time and effort by the Zoard,

an insistent landowner who kXnows that it can be done, and perhaps most

important of all a woodnan with the eye and sensitivity to carry out the
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work skilfully. It is not easy to find pgood examples of tree re-shaping
but the beech tree to the left of photograph 15 shows that it can be
achiqved. There are far too many instances when the Board has cut a
largér swathe than was absolutely necessary, ahd has shown a lack of
rega;d for good woodmanship. Photographs 20 and 21 are two typ%cal
examples. |

It is possible to reduce tree cutting by increasing the height of
Fhe towers, but this is expensive, and may also be more visually offensive
than the ﬁree felling itself, by making the towers more obtrusive. The
Board has'said however, that they are prepared to incur this additional

éést where they consider the circumstances are justified and where the
| i

-

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

The few occasions when the Board takes special care are frequently
qulicised and Photograph 22 shows the use of'é fire engine ladder to
avoid tree lopping, (20). Another instance which was widely publicicsed by
the Board concerned a 275 kV line from Wrexham tc Rednal, which was routed
across a deep ravine at Bwlchgwyn. A rocket was used to ‘carry 4 pilot
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 difficult terrain, and thiS‘technique has
been used to avoid tree felling in a few exceptional cases. Photograph 24
(22) illustrates a typical case where the line erection presented a
di fficult problem of stringing over a combination §f trees, rock faces,
and steep slopes with a variation of height between 250 feet to éOO feet

over a distance of three-quarters of a mile,
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In 21l these operations of timber felling, and tree lopping the
Board is under a statutory requirenent to carry out this work in a
Mfwoodnan-like mannert', (23%)

5.7 Depreciation in the Value of Proverty

The Board has said that there are over 10,000 gard and houses

under their lines throughout the country, built by both private developers,

and by local authorities both before and after the line had been

1

constructed. (24) The Board was not

aware of any houses
that remezined unoccupied because of the preseuce of the high voltage
conductors. waever, this statement does not detract from the fact that
such a line may diminish the value of a house where‘a line or lines cross
land close to a hguse, and the presenoé of them can be shown to have
depreciated the value of the house on the open market by tﬁeir very presence.

L.

The assessnent of

o

'

robable depreciation to houses is one of. the most

difficult tasks a valuer has to undertake. Iach case is taken on its merit:

[0

though all assessments wust be logical, one taken with another. The
depreciation depends on the estimated value of the house and the effect of
the line on that particular house.
At a recent public inguiry (25) an estate agent in evidence said

hat the erection of transmission towers would have a marked effect on the
value of properties along the route. He gave an extreme example, a

house valued at £15,000 which because of the adverse amenity effect of the
line would only gell for half that price. The estate agent thought that a
faixr average of the aporoximate dron in value of larger houses would be
£1,000. Admittedly a witness for the objectors at such an inguiry would
be vrone to exaggerate to scme degree, but the evidence of an estate agent
practising in the locality, with exoerience of other transsission lines in
the area was not seriously.challenged by the Poard, and night 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 ﬁecause of the proximity of an overhead line
'arosé in 1960. (26) The Central Electricity Generating Board in 1941 had
erec%ed a 132 kV line from east to west across the estate of Cop Court
Manoé in the village of Teisworth near Cxford. The Manﬁr is a qQueen Anne
House of considerable charm and one of the towers, eighty feet high was
sited directly behind the Manof and about two hundred and twelve feet
?rom it. Between the Maror an@ the tower is a Moat, a pond with four elm
trees of considerable size growing around it, and close to the tower a line
of poplars had been planted as a screen since the erection of the tower,
4&t owing to their proximity to the line they have had to be pollarded to

li
"a height of twenty feet from the grouné in order to maintain the safe
electrical clearance.

| The value of the Manor in 1957 if there were no towers, was

estimated by one witness for the claimant to be £8,000 and another witness
£7,500., The former estimated that the pylens reduced the value by £1,500
and the other by £2,000. The surveyor for the Board gave the value of the
property without towers at 56,600 and the depreciation in value due to
their existence at £350, The Tribunal in its report said:- (27)

"I have viewed the property and in the light of what view I am

satisfied that the existence of the pylon and wires dces not

materially detract from the enjoyment of the very attractive
property. At the same time I am satisfied by the evidence

that it would prove a deterrent to some, and form a strong

bargaining point in the case oi all prospective purchasers.

I have arrived at the conclusion that the sum which should be

allowed is £750."

Only one other instance has been found during the past twelve
years of a case that had been referred to the Lands Tribunal. (28)

The Board does not publish the figure of compensation negotiated

for depreciation in the value of property 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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there there is a prospect of future development or increase in

)

the value of the land being affected by towers and overhead lines,
compensation is payable for this loss. This may arise because of a
restriction being imposed on the size ér shape of a building due to the
siting of towers, and the safety clearances reduired for the lines. A
loss may also result because of similar restrictions in the layout of
building land, for example in fhe case of a housing estate when a tower
occupies the position originally designed for a dwelling. Compensation is
also payable for any abortive expenditure incurred by the provision of

rqﬁds and services, because of any limitation in their use.

} A clause in the standard wayleave agreements entitles En owner

”

at any future time to claim compensation for any diminution of the value

. _ :
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
agreement the grantor considers that the value of nis said
property has for the purpose of its developnent or user been
diminished by reason of the existence of the works thereon and
gives notice to the Board, the Board will pay to the grantor as
compensation therefore an amount equal to such diminuticn in,
value such amount in default on agreement tketween the grantor
and the Board being determined upon the reference of either
party to the Lands Tribunal under the Lands Iribunal act, 1549,
and the Land Coupensation Act, 1961l. Provided nevertheless
that the vayment of comvpensation as foresaid is subject to the
grantor executing in favour of the Board an easerient in fee
simple free from encumbrances for the works across his sald
property'.

Mo compensation can be claimed by tﬁe owner or occugier of a
property 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 somebody else's land.

-

5.8 Restrictions on lMineral Uorkings

Surprising as it may seem clause 13 of the form of wayleave
agreement 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
consequences might be of an almost catastrophic nature.

f At the same time the élause reserves to the Board a statutory
rigét to apply to the Ministry of Power to have such restrictions imposed
on @ineral workings as are necessary to give sufficient support to the
Board's works. If the Board fglt obliged to obtain such authority to
retain the pylons in their présent vosition, then though the lMinistry's
{decision may result in obliging the landowner to give sufficient support
to them,lit would follow that he would be entitled to claim compensation

3

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

%eason of the sterilisation of the minerals which will have to be retainéd
' h

to give that support. If a tower stands on minerals which could profitably

, be worked open cast, the Board would be required to pay for the volume of

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

"maintenance of safe clearance to conductors would restrict the normal

methods of working, so that it costs more to work the mineral, the RBoard
would be required to pay the extra costs incurred. In the case of
undeground workings it is the usual practice of the Board not to purchase
a pillar of support for a tower. It woﬁld.seem that the reason for this
is that is is probably less ekpensive to rebuild a tower that has suffered
from subsicdence to the extent of being 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 natioﬁal interest that

minerals should not be sterilised when they may be economically won, and
that mining operations should not be made more difficult by having to

work around -pillars of_support.

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 nay be seen,
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The knowledge of a proposed line Qithin the locality of land or property
for sale would undoubtedly make the transaction ciore protracted even
if tﬁe vendor succeeds in obtaining the full current market vrice (29).

} The statutory requiremnents for the distance between conductors
and gbjects, and the effect that this has on agriculture, trees, and
woodlands, would seem at the present time to leave little scope for
radical revision. Similarly £he existing administrative machinery for
the financial arrangements for wayleaves, compensation, and devreciation
{n value of property, is able to take account of changes in agricultural
practice,-qnd the 'value of money.

;/ There is however one particularly important matter concerning the
actual bﬁilding of a line. There is no doubt that land over which

an overhead transmission line is to be erected, will suffer consideragble
disturbance and inconvenience to farming use. If the work

is done during the winter, and the commissioniné progranme does not wvermit
any suspension of operations, the resulting effect on the land can be
appalling. Heavy equipment and machinery under wet condifions can quickly
turn a farm road into a morass, and building a tower under these
;onditions frequently creates a scene reminiscent of a devastated

battle field., However careful the subsequent reinstatement of the ground,
it may be many years before it can be restored to its former quality.

Most Board officials apvear to be genuinely concerned that such
disturbances to the land is caused by its contractors, but it seems 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 day
that a new overhead line ;s delayed,the Bcard incurs increased costs in
the order of tens of thousands of pounds because of the need to run less

efficient generating stations, and it is denied the economic advantages

of operating the incomplete part of the supergrid. When extra costs of
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this order are involved the clains made for disturbance and reinstatement
of roads, hedges, and fields are insignificant. The Board tends to
éxcuse this apparent lack of care for the countryside partly on the
grounds that the whole scheme had been delayed for no fault of their
own, because of objections and the time spent in public inquiries and
by Hinisters of Power in granting consent. The possibility of electricity
power cuts, because the connection has uoct been completed, and the
consequent public and parliamentary criticism of the failure of the
Board to meet its statutory duty, has tended to make the Board's
'cohstruction éngineers concentrate on getting the line commissioned.
.This has been done with a seemingly total disregard of its effect on
the land, which is so often regarded a; simply a natter of compensation
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 rcduced, and that tnis will provicde
a greater period of time for the preliminary negotiation and subsequent
construction. |

‘ This should enable the work of overhead line construction to

be carried out with a greater regard for the rural scene and cause less

damage to the land.
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CHAPTER FIVE
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6.1 Introduction

/ </ At practically every public inquiry associated with the

/ establishmenf of routes for overhead lines, the proposal is advanced by .
one or other of the objectors that the lines should be placed underground.
On the face of it, this appears reasonable. 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 foltage of the Supergrid, it will be shown 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 insﬁalling high voltage cables underground. These effects may bte
better appreciated if a brief technical explanation is given of the main
differences between an overhead line, and an underground cable.

6.2 Technical Description of a Cable

Air provides the insulation between the overhead line
conductors, which are supported by glass or porcelain insulators 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
-?nsulation has then to be covered with a lead sheath to provide an
impermeable layer. Further, as the -0il or gas pressure might cause
‘distortion of the lead sheath, bronze alloy tapes are applied tightly
jround it. These metal tapes must also be adequately protected apgainst
damage during handling and against corrosion when the cable is laid in
the ground, and a protective covering, consisting of layers of water-
proof cotton or hessian tapes overlaid with rubber or plastic material

is usually employed. Finally a covering is provided of more waterproofed
cottoh or hessian tapes.

Having ensured protection of the conductor itself it is
necessary to protect the complete 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 not damaged
by sharp points of stones, 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 manner. As a precaution against mechanical damage, should
subseéuent excavations be carried out along the cable route, reinforced
concrete slabs about 2 inches thick are laid ovef the length of the
cable before the trench is filled in. Finally, the disturbed surface
is restored.

An electrical. 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
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to afford less resistance to the flow of current and so procduce less
heat. The difference in size between a 400 kV overhead conductor and an
ﬁnderground cable of the same capacity is shown in the accompanying
bhotograph. (1.

! It is generally thought that cables being underground are more
reliable than overhead lines, but the Board has said that failures on
high voltage cables occur about as frequently as for egqual lengths of
overhead line., The time for the repair of a cable is, however,
considerably longer and when this is taken into accountlthe reliabiiity

of overhead lines is said to be about 70 times greater. (2).

Cooling of Cables

-

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 1930 by Pirelli-General
Cable 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 system, been operating on a cyclic
loading basis, that is, they had not gemerally 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 been
carrying its full load for a prolonged period, summer and winter, failed
due to over-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 s0il; and so

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






150.

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

full rating.

It seems that the Board to obtain the maximum operating
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, which 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 prevent the drying out of the ground.

One solution to the problem of moisture evaporation from the soil had
already been investigated in Canada by the Ontario Hydro-Electric
Commission; this consisted of laying pipes alongside the cables and
circulating water through them, to remove the surplus heat.

Vhilst this work on piped cooling systems was going on, thne
Board was also investigating the possibility of laying high voltage
cables in canals. It 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 th#t the required heat dissipation could
not be obtained by laying-the caples in the water. It was found that
silt would buiid up around the cables, become baked by the heat and
would, in fact, constitute a remarkably good heat insulapt.

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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were fitted they would be flush with the surrounding area. One cable wa
laid in each trough which was filled with either a very weak mix concrete
ér sand. Tests had shown that either of these backfills readily conducted
%eat, and as the trough covers are not buried this heat was easily
dissipated. This method would only be suitable in certain circumstances,
as it involves a continuous 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 cgbles, would be possible alongside motorways or railways, or
across open ground vhere considerations of visual amenity are not of
majo; importance. .

This method avoided the need for water cooling of the conductor
which would result in some saving in cost. It had been estimated that
this could result in saﬁings 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 trehches'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 40O kV cable route. (7). The cables are laid 6 fi. deep,
in fwo 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 400 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
ﬁresenting a general idea of the width of land involved for various
Eable voltages. Photograph 28 has been published by the Board te give
some impression of a 400 kV cable route after installation with provision
for a permanent 12 ft. 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 1.8 mile length of the Cowley - Bramley - Fleet 400 kV
line which the Minister of Power decided should be placed underground
as a result of a public ingquiry. 1In this scheme the cable route is
accross open ground, and for two circuits; two trenches each 4ft. 6in.
wide, and 5ft. 8in. deep, at 2 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 mixture of a particular type c¢f sand and
gravel which the Board has found to have excellent heat dissipating
properties. The top 2ft. 6in. of the trench would have a normal soil

backfill, which the Board says will allow the ground to be returned to

agricultural use, provided trees or hedges are not planted 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-
quently used devending uron the circumstances of local physical

conditions.

Cable Costs

The earliest official publiéhed figures for high voltage cable

costs appear in the C.E.G.3. Annual Report for 1962/63. Each year since
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Drawing 2. A cross section of a typical-400 kv cable trench, with
water cooling at stop joint and oil tank site.

Photograph 28. A montage published by the Board showing a cable cooling
station, a surfaced road to provide access to the 400 kV cables, and
the concrete covers to underground chambers containing water cooling
equipment, oil tanks, and the joints between cable lengths.
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1

then the Board has published rgvised cable costs to take account of
reductions due to more accurate estimating, and improved cable
technolbgy; which is offset by a general rise in production costs and
the price of copper.

In 1963 (8) the approximate average cost per mile for two
circuits of 400 kV cable was £1,226,000, and was 23 times more expensive
than overhead. In May, 1967 (9) the cable costs had decreased to
£1,050,000, 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, bdut

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 circuite
£000 :
Type 132KV 132kV 132KV 275kV  275kV  LOCKV  LOOKV
120.175 1x0.4 2x0.175 2x0.175 2x0.4 2x0.4 Uux0.4
X Double circuit
overhead line 10.5 14 17 19 39 39
Y[Cable installation
of equivalent
capacity 90 130 155 2ho 315 465 915
Extra for termina-
tion costs at both .
ends _ 10 10 15 4o Lo 65 120
Ratio Y/X : 10 10 10 15 9 14

Table 3 Comparison of costs of overhead lines and underground cables.

A breakdowvn of the costs for the largest LOO kV cable was

published in December, 1964, (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

f ,
to indicate the general order of expenditure.

! _ Per Mile Per Mile
Cable £484,000
Cable Installation
Laying 238,000
Covers £6,000
! Joints £136,000
0il control equipment. . £16,000
l
£196,000
Civil Engineering
il ~  Excavation and reinstatement £88,000
! Other civil works _ £100,000
£188,000
Water cooling installation £116,000
£98L,000
Sealing Ende £92,000

Total £1,056,000

Table 4 Itemised costs of LOO kV cable.

The cost of installing 400 kV 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 anothér and more recent occasion the Board said that if
100 miles of LOO kV line had to go underground it would mean diverting
from the national capital resources men and material equivalent in cost:
to those needed 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 May, 1965 published
a booklet, (15) in the form of an open letter by John Sykes, aﬁ
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 thess pub-
lications were in essence the plain man's guide to undergrounding and
the cost of cables. It is thought that these Board publications have
helped the public to obtain a better understanding of the basic issues
involved.

Board's Expenditure on High Voltarse 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 £6,445,000
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 £7,28C,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 belouw. (18).

Overhead Lines Cables Proportion of to?al spent
on underground cable
1962/3 .| £10,054,326 £9,093,683 47,5 per cent
1963/4 £15,508,920 £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 period 1564 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 fﬁr undergrounding during the next few years.

As recently as 1959 the Board had no experience of undergroundin;
275 kV cableﬁ. 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 testeds In the financial year

1964-65 about one third of the Board's total expenditure of £106 million
on new overhead lines and undergrouhd cables was for cables, by 1970 it

is-expected that this proportion will increase to about two thirds of
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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
install 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 of £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 Published (22)
the same statement, stating that this proposed expenditure on cabling
referred to the Boards programme for the three years 1969 to 1971.

During the year 1966-67 the Board constructed 624 route miles
of 400 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 ;nything_between

£23 and £36 million depending whether the lines were light 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 inclined
to impress 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 tc form a clearer
jdea of the actual extent of amenity undergrounding if the Board pub-
lished the actual amount of money spent for this purpose, as distinct
from the total sum of cable expenditure.

!
6,6 Cable 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. Béth

the Board and the manufacturers have a strong incentive to reduce the
cost of high voltage cables; the Board because cheap cables would
provide almost the complete answer to the transmission amenity problemn,
and 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 ccnsiderable
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 - 6C this haa
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 the

costs of cable manufacture.
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Stressing the need to evolve an underground cable 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 had studied the possibility of underwater direct current
! transmission links round the coast. Two cases were considered, one
was in connection with the nuclear sites in Anglesey, which involved
an underwater link to the Lancashire coast to avoid lines across
North Wales; and the other sought to avoid additional.lines through
Sussgx by a coastal cable running westward from Dungeness. In both
case; 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, (28) and at an
exhibition (29) at the Royal Institute of British ArEPitects spensored
by the Board, they reiterated that the Central Electricity Research
Laboratories of the Board were exploring new techniques to produce
conductors and insulating materials that would improve the current
carrying 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 £750,000 a mile, but that there was little hope that
underground transmission would ever be economically 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, (30)
said that a great éeal of research on underground cazbles had, and was

beéing done by the Generating Board, the cable manufacturers and the
Flectrical 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 in March, 1962, -of
between 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
advocate "extensive undergrounding''s But he held out little hope
for this reduction at high voltages, even though at voltages below
132 kilovolts it might be achieved within five 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 addgd that much other
, research was being done by manufacturers and that the Generating Board
were placing contracts worth about £21 million for 275 kV and LOO kv
cables 'of a pioneering type'. Later thatlyear the Boards 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
supported by longitudinal spacers of solid insulating ﬁaterial, 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 eleétrical losseé 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 conducting. (34) 1In such a
condition a metal would offér literally no resistance to the passage
of an electric current, Drawing 3 is a preliminary design published
Py the Board to indicate the broad lines of curremt research. (35)
it'would seem however that neither cof these techniques are likely to
result in a major breakthrough in cable technology in the forseeable
future, as the costs of such sophisticated'in;tallations 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 top
priority but there were formidable difficulties, and the most he
could hope for was ''some reduction in the enormous disparity' between
the cost of underground and overhead transmission. The Board only
last year (38) said that there was no immediate 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 electricit& supply
‘ industry, but in every case no precise information is given of the
amount spent on'cable research. (40)

The Waddesdon Inguiry

s

In November 1964 at a public 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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and thermal shield cooled by helium.
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heat produced from underground cables of the type required, was
equivalent to that from a one kilowatt heater every two yards, Heavy
insulation was required with.underground cables as opposed to the free
air insulation éf overhead lines, and the result was a cable weighing
877 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 measuring 40 feet by 8 feet

6 inches 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 would be a cooling
station, 1,500 square feet in area and ten feet high, containg pipes
and fans emitting a continuous hum: Photograph 28 is a copy of one
displayed at the inquiry and illustrates the possible shape and size
of a typical cooling station. A road to 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 feet 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 cculd be no
building over this land. It would be a2 sterile strip preventing the
normal use of the land, resulting iﬁ 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. pylons.

This ststement by Counsel backed up by the evidence of
Mr, E.P.C. Watson, and Assistant Project Engineer 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 montks.
(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 chailenged in debate in

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

of Rural mgland. (45) Since then the Board has not repeated the

. Waddesdon evidence and one may assume that subsequent experience and

resecarch may have enabled the Board to overcocme these difficulties.

At a recent visit to the‘Glaslyn Estuary which is the only
site where it is thought that any significant lengths of 40O kV cable
has actually been installed and operating, (46) none of the amenity
fears expressed at the Waddesdon inquiry'are apparent. |

KOO kV Cabling Schemes

Much has been written and said of the one million pounds per
mile of 40O kV cable. At the time of writing only a total of a fifth of
a mile has been commissioned, which was 0,08 mile at Lydd and 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. Map 25 indicates
the general location of these schemes, and it is interesting to observe
that the one in the Peak District is the oniy one (47) situated in an -
area of a National Park or Area of Cutstanding Beauty and yet all £h£é
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 installafions authorised during 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 werth uhlle to briefly con51aer ‘the 01r0umstances

of those cases that Justified undergroundlrg at a miliion nounds a

l
i

miles .
i

Glaslyn Fstuary
| | Map 26 shows the route of this cable which runs from ¥ern ML R.
544402 in Caernarvonshire to Y-Garth M.R. 597839 in Merionéthéﬁire‘a
sitance of about 3% miles. This was the first ma jor 400 XV cabling
scheme which was to preserve the view of Snowdon from the Glaslyn
Eétuary.- The Trawsfynydd to Bangor line would cross‘tpis %iew and the
Board recognising the strength of the objectiqn to such a ﬁroposal |
- hoped to meet it by offering, prior to a public inquiry iniﬁay, 1662, - .
t6 underground 2 miles across the most vulnerablé part of éhe Estuarys
The MiniSter of Power not only aécepted-tha Boards propbsaﬂ but also‘
supported the suggestion put forward by the &étlonal Parks Comm1551on
(49) and‘mapy other objectors that a further 1% miles of undargroundlnp
wesfwérds was necessary to give greater protection to the a:reao The
Board therefore became obliged to underground this‘furtherflength,'
the total cost of which is estimated to exceed £4_ﬁilli0n‘:(50) The

work has now been completed.

WOodhead Tunnel

Zarly 1n the 1960's it becarne apparent that as part of the
400 kV.supergrid, a high veltage link was required between,Ehorpe Marsh .f
kgénerétihg station in Yorkshire and Stalybridge in Lancashire. The .
" CeE.G.B. sduéht permission.to route a.AOO kV overhead line over the
Pennines, to which strong opposition was faised by the Peag Park
Plannning Board. (51) This resulted in a ‘public inquiry beﬁng.héld
into the proposal, (52) during which it was suggested that the disused.
Woodhead railway tunnél (53) should be used for & cablefrogte,_aq_a

cheaper alternative than undergrounding in the conventionay'manger;
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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
temporary 275 kV overhead line between Dunford Bridge and Woodhead,
but required the permanent 400 kV connection to be made by cable via
the disused Woodhead tunnel.

Had the C.E.GeB.'s original plan for an overhead povier 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 havé
been comple£ed. Going over the top of the Yoodhead Pass, burying
the cable in the conventional manner might well have cost about
£5,000,000, bearing in mind the difficulties of the terrain. Utilising
the old railway tunnel is expegteé to cost about £1 million in civil
works and a further £17 million for 3.6 route miles of cable., (54) -

~
To this mist be added the cost of erecting the temporary link, and the

“total cost of the tunnel project will be about £22 million.. The cable

installed would te equal to only hall the cépacity of the overhead
line and, although 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 preserve the scéenic grandeur of 3.6 miles of the bleak Penniné moors,

if an overhead line could have been accepted.

Oxford

Following discussions with the Oxford City Counéil, the Board
acceded to their reguest to underground a mile and a half of the Cowley
to Seven Springs 40O kV line between North Hinksey MR 498058 and
South Hinksey MR 511042 on the south side of Oxférda This underground:
section which will cost some £1% millicn is being undertaken to preserye

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

Southampton ifater

A 400 kV connection was required between Fawley generating
gtation on the west side of Southampton Water to Lovedeén substaticn
sifed some ten miles to the north. There were three possibilities
for making this connection. Firstly an overhead line travelling
westwards, then around Millbrook to the north of Southampton and thence
to Lovedean, but this was rejected from considerations of routeing
and amenitye.

The second possibility was to construct an overhead line
across Southampton Water., It was'unquestionably the shortest route,
.and although the towers would have been higher at any other river crossing
in the United Kingdom, such a scheme was both technically and economicaily
feasible. But the following discussions with Government departments and
_local authorities, the Board agreed to an underwater crossing mainly for\
amenity reasons. This led to the choice of the tunnel which not'only
preserved the shortest route, but overcame most of the amenity objections.
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 Miss Sylvia Crowe to advise them on the

route of a p;oposed 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 Outstanding Natural
Beauty. Miss Crowe advised the Board that the line should be undergroundec
through the Goring Gap but the Board rejected her advice because of the

high cost it claimed would be involved in this operation. (58)
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Tollowing a nine day public inquiry at Reading in 1965 the
inspectors recommended an overhead line but, the Minister ef Power,
Mr. Richard Marsh rejected their recommendation and withheld consent
for the section across the Berkshire Downs near the 'Goring Gap' (59)
as requested by the Berkshire'County Council and supported 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 Fleet in Hampshire it will be
obliged to underground approximately 18 miles through the Berkshire
Downse

The positions of the sealing end compounds from which the

cables run are at Moulsford Down M.R. 583822 and Lewington Wood M.R.
582766, and were virtually fixed as a result of the inquiry, and the
cable route therefore became the shortest practical route between these
points. Much of it lay over steep gradients, crossing a golf course,
the corner of a wood, arable land and a farmyard. The route is shown
on Map 30. The Board anticipated that for some years the electrical
demands on this route could be met by cable having half the éapacity
of the associated overhead line, but provisibn Qas made for laying
further cables as required., To ensure adeguate dissipation of heat
from the cables, and to avoid the use of a cooling water installation,
the cables were laid far enough 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, 1968, and has been estimated to have cost approximatley £1m.

Thames tunnel

As part of the 40O 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. The approximate length of the line would
be about 10 miles, and required a crossing of the river. An overhead
créssing was technically possible but would have involved expensive
toﬁer foundations. The towers would also have to be about 30C ft.
high so that the éagging 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 amenity objection
to such. a proposal and they have said that the difference in cost
” between a:high crosssing and a tunnel installation was small, and
I' therefore a tunnel was adopted. (63) Work started on the 5,200 ft.
- -long tunnel in January 1967. (64) |
Ross-on-Wye
As part of the main transmission system for the south west
and South Wales, a 0O kV route was required between Gloucester and
Ystradgynlais in Glamorgans |
Originally plans were made for 2 connection which would be
carried entirely overhead, but as a fesult of objections to'parts of the
route a public enquiry was held in Julj, 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 place underground
& section of the route " « o o to preserve the amenities of the river
and the view from Goodrich Castle'. The Minister's decision also tied
dovn fairly closely the positions of the two sealing end compounds.
The cable runs from Brelston Green M.R. 563199 to Walford M.R.
584212 shown on map %2. This crosses a most beautiful part of the
River Wye, and the Board is now in the process of laying the cable
betﬁeen these points. The cable route is approximatley 1.6 miles long
over which cables having a capacity of half the overhead line are

being installed initially. Provision is being wade, for increasing the






capacity to the full rating of the overhead line circuits at a later

date,

; The western sealing end compound at Brelston Green lies in

i

the valley of the Luke Brook to the west of the ALO trunk road from
;hich the compound is screened by trees. From the compound the cable
route rises steeply across pasture land and an orhcard. Throughout
this section of the route the cables are laid direct in the-ground with
three cables buried 4 ft, 3 ins. deep in each of the two trenches.
Norma} cultivation is possible over them, except at joint positions
where there is a comparatively shallow depth of soil.

All trees aré removed from the route of the cables to aveoid
possible damage to the cables eitﬁ;r by the tree rcots or by the
disturbance to the ground caused by a tree being uprooted. Trees are '
also cleared t§ avoid the danger that would be caused by the removal
of moisture from the soil by the roots which would leazve the czbles in
a dry, thermally unstable ground. After passing through an orchard,
the cables pass under the A40 trunk road by means.of ducts, and then
proceed through a section of park land. This is the highest point
of the route, and the cable after crossing a minor road the route 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
method 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 cables laid direct in the ground, and also provides









6.9

! - 184.

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
Fhe LOO kV power line across the Severn as part of the route linking
ﬂelksham substation in Wiltshire with Cilfynydd in Glamorganshire.
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 amenity expenditure for 400 kV undergrounding of
about £16 million over a period of five years, when the total transmission
expenditure has been in the order of £100 million a year is not
unreasonable. A commitment of about 3 to preserve the views of Snowdon,
Oxford, the Berkshire Downs, The Sblent, The Thames, Rivers Vye and
Severn and a part of the bleak Pennine Moors, 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, 1965 (68) when he
said that the Government was not prepared to support extensive undef-
grounding because public opinion was not ready to pay the extra cost
which would fall upon the consumer, and who would doubt that the vast
majority of consumers would regard £1 million a mile for electric cables
as a price too high to pay for preserving the countryside? The position
would not change until a public opinion with a full understanding of the
costs and technical problems involved, demand that the politicians spend
the vast sums recuired.

There can also be little doubt that the Board would be glad to
find a practical alternative to high voltage overhead transmission lines.
Objections to its proposed routes consume an immense amount of time,
money and energy, &nd 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 however, 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 public by ambiguous
‘ .

and conflicting statements. With this objective the following actions
éould be recommended which may help to achieve a greater appreciation
of the Board's problem of deciding when, and when not to undertake the
expense of major undergrounding.
1. A nationally respected independant body or special
Cémmission to investigate cable ccsts, and publish‘a report
e%plaining 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 department should
-publish the amount of.money spent each year on cable research,
with some indication of the possible results, and the Board
should be encouraged to pursue with determination current
research programmes designed to bring down the cost of
underground cabling.
Se 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 donee.
L, Publish annually 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
surveys, both in areas where lines are due to run and
_elsevhere, 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 electricity with the retention of
amenity. This committee to make recommendations 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 Board's statutory obligation to pay due gegard tc amenity.
If one were uncharitable one might think that the Board deliberately
withholds this information, as it would not wish to publicise its
/ own shortcoqings. On the other hand, it is possible that the Board has
not correlated this information, in which case it should do so in order
to evolve their own policy. Whatever is the truth of the matter the
Board should be obliged to declare fhe facts of the situation, so that

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

LN
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CHAPTER SEVEN

., Case Study - Bradford to Darwen 400 kV line.
7.1 Introduction
7.2 Preliminary Negotiations
T. public Inquiry
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The Guide Deviation

. The Ripponden Deviation
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7.1 Introduction

o 3y B g

Sometime in 1961 the Generating Board decided that it required to puild
400 kV line across the Pennines from Bradford in the West Riding of Yorkshire -
ﬁofDarwen'in Lancashire, via padiham. They recognised that to find a route

/
across the Pennines through an area assoclated with the Bronte sisters, and

L > & — BT R

throuéh countryside qf great character and beauty would present considerable
probleﬁs. Apart from the basic amenity difficultlies, 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,
put in order to consider how the engineering and wayleaving criteria mentioned
jn a previous chapter are applied in one particular instance. It is not though'
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 wayleaving
problems are evident in this case. The fact that this line jnvolved twoc public
jnquiries, was partly the reason for choosing 1t as & case study. Every mile O
the line had been subjected to detalled examination, cross-examination and the
balance of advantage and disadvantage carefully weighed and decided. As all

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

Note: - Map % 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 near
Bradford in Yorkshire westwards across the Fennines to anotker
near Darwen in Lancashire. In a direct line this would be a distance of
about 25 miles. The line was planned to form part of the national supergrid,
and was required for two purposes. Firstly. it was to transmit surplus power
from the Yorkshire generating stations on or near the Yorkshire coalfields
at Thorpe Marsh, Ferrybridge and Eggborough, to Lancashire, where the
expgcted demands could not be met by locél power stations nor with the
addition of imports of power available from the nuclear generating -
stations in Nbrth Wales. Secondly, the line was to provide secure
.transmission connections as part of the supergrid from the large sources
of generation in the Yorkshire, North East and East Midland areas. At a
later date the line was intended to provide additicnal electricity suppiles
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 about .1973. The Board proposed to provide
a 132 kV supply from the supergrid system, and they claimed that the
logical position for the new supply point would be Padiham which was
already the focal point of the secondary transmission system in that
area. FPFor that reason the line the Board proposed was routed via
Padiham rather than the direct route between Bradford and Darwen.

In designing a transmission system there are th aspects
to consider in determining the route for a line. Firstly; the lmmediate
future, where the pattern of load and generation are defined within
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 adopted. 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 immediate future and bérring radical changes in electricity eupply
policy would meet the Board's requirements for at least ten years. For
the future the Board were almost certain that the total mileage of
transmission circuits in the area would be less if that route were

i
chosen. However, in deference to the view of the Lancashire County
Council,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 Moox which was investigatéd. This route is
shown coloured blue on the map. In about September, 1965 application
was made by the Board to the local planning authorities fof both the
original route and the alternative, with an expressed preference
for the northern red route.

There was opposition to both routes. Neither was supported
by the Lancashire nor the YWest Riding County Council, but in considering
the route of this linme, they invited the Board to consider a third
alternative Turther south than the other two, coloured green on
‘the map. The Board regarded this third route as practicable, and
asked the Minister of Power to consider this route concurrently with
the others.

Several meetings were held tetween the Board.and the Local
Authorities, but it seems that every alternative had its advocates and

objectors.
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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+3 Public Inguiry

The public inquiry was held at Keighley in July, 1966 when
the advantages and disadvantages of the red, blue and green route
were publicly argued. (2)

The Generating Board explained that the line was required to
transmit surplus pover from the Yorkshire generating stations to
L;ncashire, to form part of the national supergrid and, subsequently,
ﬁo 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 40O kV lines through the densely populated West Riding
and East Lancashire areas, All existing and new urban development
in the area would be reasonably near a main trunk line which would be
‘conveniently tapped with the minimum length of additional line,

The red route was within relatively easy reach of the public
roads and the problems of access for construction were 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 L%,
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The 4,6 miles of the green route above 1,200 ft. would be treated in the
same way. The Board indicated that operational experience of a line
similar to the blue route might cause the Board to reconstruct the
higher section over the moors as two single circuit lines.

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.
Extra care would be also be necessary during wet Qeather in the summer
ménths so that the top surface of grassiand would not be permanently

/
damaged; special vehicles with low ground bearing pressure would

have to be used. The moorland sectioé of the green route crossed
country similar to the blue route but the access would be less difficult.
Access to the remaining parts of the green route should not present any
undue difficulty. From geological survey maps available there were
stretches of each of the routes where bad ground conditions such as
peat would be encountereé. The worst route affected was the blue
route followed by the green route whilst the red route would be affected
for a short section only. In a long dry summer the Board said.that the
blue route would be as easy to construct as the green route although
these routes would always be more difficult than the red route.

N6 points of special engineering difficulty had bveen menticned
by the Board on the red and blue routes except that on the blue route
there was the general difficulty of access for constiruction 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 objéction.aﬂd it seems
“that it would have been impossible for the Board to have selected a.
route'which would have éatisfied all the objectors. Different parties
et different values for different tyves of amenity. The Board said that
they regarded it as their duty to weigh carefully all the conflicting
interests. A route in the vailey had been welcomed by some as-the
effect of the line wOuldlbg localised, but it would cause strong protest
from others whose homées would become mofe clq§ely affected. To place
. t?éline on the lower slopes of high moorlépd to clear a residential
a#ea had the advantage of providing a background for the line as seen
grom~p1aces whére people 1live, but it would be objected to Becaﬁse-i£

g

would lie between those people and their recreational access tqlthe
moorland and other places of interest., The moorland érea itseif-was
7unpopulér as a: location for the line because it was Kigh, eip6Sed?§nd
its beauty was at present largely unspoilt.

ijections covered all types Qf country availablé for the
line and-the‘éoard‘were faced with the  problem of deciding which _
objections carried greater weight in the general public interest. In’
the light of conflicting observations received, it appeared to the.Bqapd
that the balance in favour of one type of amenity over another was not
overwhelming,and they had thereforé 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 addition 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 Burnley conurbation and because it offered a route
some!three miles shorter than the red. The green route had been adopted
because it was the combined suggestion of the County Planning Officers of
Lancashire and the West Riding of Yorkshire supported by the National
Parks Commission, (4) and also because it avoided the problem of the
Bronte countrye.
| The Board summarised their case by saying that the most
‘ ﬁortherly 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 miles,'of which 4} miles would be over 1,2CC ft. The third
green route would also run for about 41 miles above 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 lengths from
Bradford (Shelf in the case of the green route) to Darwen would be
3%, 30 and 40 miles, and cost £2,231,000, £8,179,000, 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 ﬁad based their preference primarily 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.
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It was fhe Board's view algo that on balance the red route was to be
preferred on amenity grounds as well.

The West Riding County Council said that as 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
Council, whose views were in agreement with those of the Lancashiré
County Council and -the Natidnal Parks Commission, were of the opinion
thai.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,
tqé Council for the Preservation of Bural England, the Hardcastle Crags'
f%eservatiOn Society, the Civic Trust for the North lest, the Ramblers!'

Association, the Bronte Society, the Haworth Civic Society,; and numerous

- local societies and community groups in the Keighly area.

" three steps of reasoning.

The County Council were very ;ympathetic to the  views
expressed by the three objecting West Riding‘local authorities of -
Brighouse, Elland aﬁd Ripponden'regérdiﬁg'a line on the green route
and‘recognised its effect upon them. Their points of view were very
valid and while the County Council accepted that such a line wguid 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 #ed or blue routes to other parts of the YWest Riding., So far as
the County Council were aware no country-wide amenity organisation
objected to the gfeen routeo

The County Council had been forced to that judgement-by
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Fifstly, they had accepted the need for a further supergrid line across
the South Pennines; secondly,; the red and blue routes were unacceptaﬁle
because they traversed open country of high amenity value much of it |
remote, wild énd unspoilt toc which large numbers of people were atfracted
either for recreational purposes or because of its literary associations
with.the Brontes; and thirdiy, only the green route was acceptable on
-amenity grounds. Its advantages over the red and blue routes were that
it traversed land of less scenic value and crossed the Pennine way where
itkwas-least used and close to both the existing lMonk Fryston Rochdale
275 kV line aﬁd the Halifax-Rochdale Road, and also the 558, vhich
_.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 accept certain
extra difficulties and some additional expense in order to preserve the
natural beauty of the countryéide. By so doing the Board would be having
regard to their-stafutory duty under Sectioﬁ 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 scernic value and
unspoilt natural beauty which was much frequented by the residents of
surroﬁnding industrial towns in the West Riding and Zast Lancashire.
Lines on either of’those routes would encroach upon the Brgnte Moors
and pass close to the wvillage of Haworth, tc which it was estimatei there
were some 500,000 visitors each year, scme 60,000 of whom visited the

Bronte Parsonage Museum at Haworth.
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The extra cost involved on the green route, £659,000
according to the Board, but only 5580,000!Ey the County Council's
estimate, was considered to be a reasonable extra expense in.ofder to
safeguard a large and regionally important area of high scenic value.
whic£ 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
woﬁld reach £30,000,000 per annum by 1970.

"The blue route had been the Board's first alternative to

; .
tﬁe red, and had been put forward following discussions with Lancashire
'=éounty Council about the section of red route between ¥Walk Mill to the
éoutheeast of Burnley and-Water Sheddles Reservoir on the county boundary
at the Herders Road, But Lancashire County-Council had stated subsequently
“that they preferred the green route. The blue line would.be the cheapest
of the three alternatives bu? since the Board's witnesses concerned with
constfuction, maintenarnce and aﬁenity,.had stated that it was the least
satisfactory of the three, it seemed that the real issue before the-
" Minister was the 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 factofs higher than those reléting to cost, and appeared 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,

1
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The County Council said that in the winter of 1962/63 roads well below
1,000 ft. had been blocked by 20-25 ft. snow drifts for six to seven
weeks, and that much of the red route was more than 1} miles from class
A roads.

The Board had stated that in their experience about one-third
of all faults in the North liest Region occurred at about 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,
and 10,3 miles above 1,000 ft, The Council considered there was nothing
special about the height of 1,000 ft, and a figure of 800 ft. would have
ﬁéen more appropriate having regard to the height of the towers. A
éonsiderable length of the red line was believed tc be close to 1,000 ft.
and much of that high ground was less conveniently situated in relation to
access from class A roads than was the case with the green route,

In contrast to the Board who had said the balance of one
particular line was not overwhelming, preferring the red on grounds of
access and maintenance, the County Council asked the Minister to find
there were ov;rwhelming 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
vas 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 wguld 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 outstanding scenic

beautye. -
s e,

{é\.\. 3 FEB_mo
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‘The re@ route would enCroach>ﬁpon the Bronte moors passing close to

the village of Haworth which dréw thcusands of visitors annuallye

Access to ﬁhe red route would be very much worse than to the green under
- severe weather ponditions. Both the blue and the red routes crossed
parts af the Pennine Way which were greatly used, whereas the green

route crossad the least used section where scenic values had already been
depreciated. The red and blue routes would also adversely affect the
amenities of Townelev Park and Towneley Hall at Burnley which attracted

many visitors each year.
{

1

/ Strong objections were, however, voiced to the green route.
”'B;ighouse Borough Council said it would traverse 37 miles of green belt
thch‘they had fought hard to preservé. Elland Urban District-Council,
who questioned~the need for the line in view of possible nuclear power
developments, considered that the green route had been héstily.cbncgived
apd that the scenic values and literary associations of the red and blue
routes had been over-stated. Elland already 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 cheapest and affecting
fewest people. The Halifax Gliding Club said the green route would be
a hazard to gliders at Ringstone Edge Moorj; if it could not pass further
west and ndftﬁ of the moor, Keeping below the 800 feet contour, the club
would have to cease flying.

Blackburn County Borough Council objected to the line-near the
ouﬁskirts of the téwn, on the section common to the three'alternatives,}

because of the possibility of future industrial and housing devélopment;
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Objections to all three routes were put forward by or on
behalf of individual owners and occupiers of properties, local bodies
or organisers of petitions, on grounds of amenity, depreciation in
value of property, restriction of future develovment of land and
interference with agriculture and grouse shooting.

7.4 The Inspectors! Conclusions

The need for the line had been accepted by all the

objectors except Elland Rural District Counéilo The Inspectors
’thought it might well be that at some future date through advances

if technology, there could be a change in policy whereby smaller
pover stations, possibly nuclear, were sited near load centres along
the lines suggested in the Review of éhe West Riding Development Plan.
Such changes, however, were not in the immediate future; and on the
present showing the need for the'line remained.

Of the three alternative routes the red traversed countryside
of great character and beauty, large tracts of which were entirely
unspoilt. The impact on the Bronte country and the Fennine Vay would
be severe. The country between Hanton Clough and the Forest of Trawden
was 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 be conspicuous at mény points,
particularly where it crossed the Keighley to Hebden Bridge Road, and
jin the Wadsworth Moor and Hardcastle Crags areas. The Inspéctors
considered this alternative unsound as 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 striké 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 factors can differ
widely and at the same time be honestly held. They were, however,
impressed by the strength of amenity orinion coming from the planning
authorities, the National Parks Commission, the Council for the
Preservation of Rural England and other orgenisations in favour of
the green route; They'apcepted the point made by opponents of the
green route that less publicity was given to that route than to the
r?a or blue routes, but even if this had not been so they thought it
u%likely that the balance of amenity opinion would have been much
different. They believed that the Brénte country was of both regional
and national importance, thus having a value also for opponents of the
green route, and in the public interest should be harmed as little as
possible. The Inspectors considered that the cost of preserving this
area by adopting the green route would be formidable, The line itself
would cost £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
"would be harder to maintain, secondly that its adoption would cause the
system as a whole to be less satisfactory technically, and thirdly that
reinforcement would be required earlier, between two and five years in
the 1980s. In their'opinion the cost of presefving the Bronte country
and the nearby, much visited, moorland scenery traversed by the red
line - heavy as it is - was justified in the national interest and shou}d
be met. It followed that the green route is without doubt their overali

choice.
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The inspectors thought that the neecds of the Halifax
éliding Club could and should be met by an ddjustment of the green
rouge pro?ided that any fHurther daﬁagé'to thg’amenities of Ripponden
and Rishworth‘was not too great, but considered it unlikely that a
more satisfactory route than-the green couid be found in the Ellard
area. They could not recommend the alternative suggested oy the
Calder Civie Trust and Calder High School éixth Form Society (6) to
the north of the red route because it would be very difficult to find

a way through the built-up arca west and south-west of Keighley, and

T sﬁch‘a‘line‘wbuld be very prominent in the Cullingworth‘area and-

. between Cross Hills, Cowling and Colne. They thought the deviations

suggested by Dr. Forsyth and Mr. Marshall-folmes (7) to the south

cf the red route would have many of the disadvantages of the blue route;

' -and could not recommend the proposal of the Ramblers' AssSociation- (8)

to Foute ‘the green line from Bradford to the weést of Halifax and

Ripponden; this would be very harmful to»plqasént residential areas

and attractive countryside most of ‘which was free from industry. The

removal of some of the existing lines on the west and sSouth of Halifax

had been suggested by the West Riding County Council and would help to

some extent; but the effect of such,improvementmwould be loc¢al and the
Inspectors doubted whether the expenditure cdould be justified. As

the fown; the Inspectors did not think-industrial development need be’
seriously inhibited by the lire, but they considered that it should skirt
méjor residential areas and not pass difectly,over them unless there were

good reasons,
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The Board should consult the planuning authorities again about the
Corporation's deviation at Guide, but they Aid not recommend the
deviation at Whitebirk or the deviations near Knuzden Hall asked for
by the Trustees of Mrs, Jones' larriage 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 Eecleshill and
Higher Stanhill Lancashire (the Guide deviation) in order to avoid
fland likely to bé developed for housing by Blackburn Corporation, and
“between Rishworth and Barkisland VWest Riding of Yorkshire (Ripponden
deQiation) in order to avoid interference with the operations of the
Halifax Gliding Club. He asked the Board to investigate alternative
routes for thése sections.

7.5 The Guide Deviation

At the inguiry Blackburn County Borough Council said that
they accepted the need for the line but objected to its detailed siting
eést of the Whitebirk Power Station and in the locality of Guide. The
former Local Government Boundary Commissiont's draft propoéal 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 Plan and the
Boundary Commission's proposals were now held in abeyance. The 4CO kV
line would cross the provosed industrial area for a distance of
approximately two-thirds of a mile in order to get close to V¥hitebirk
Power Station where the Board expected to have a future connection to

a.substation.
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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 vrefer uot to have the line

over their land as it would restrict the mamner in which they could
devélop their sites and result in some sterilisation of the land.

They believed that the line would detrimgntally affect industrial
ﬁrocesses involving the use of certain types of electronic equijpment
Af it passed over or close to these. As fhe land was being ear-marked
for the ﬂelocation of existing badly sited industries within the town
they said it could result in local industries leaving the town in order
go obtain industrial sites elsewhere which had not the disadvantage of
I .

being crossed by a 400 kV line. They asked that the line should be
.routed clear. of the area suggested for inclusion within the County
Borough, and if ‘theé comnection to the existing Whitebirk Generating
Station was later required then so far as this was practicable it should
be made over the Board's own land thereby sterilising as little as
possible 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 he routed clear of other araa% in the
vicinity of Guide vwhich were under discussion with the County Council
for housing, re-location of industry and smallholdings. The line
provosed by the Borough Council would be about &0 yards shorter and
would result in no increased loss to the amenities of that locality.
They considered that it was most-undesiréble that lines of that voltage
should be routed over land likely to be required in the future for urban

deveiopment, because scme of the land would be sterilised, thereby

increasing the cost of development and prejudicing its proper layout.
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——————

The balance of inconvenience was considered to be against the

Corporation’s interests and the Minister was asked that these

I
i

relatively trivial concessions should be made.
f i
|
and jin his decision did not approve this section of the proposed line,
f

It seems that the Minister was persuaded by these arguments,.

but asked that alternatives should be investigated.
THe Board had discussions with Blackburn County Borocugh Council

and Blackburn Rural District Council and proyposed an alternative route
/ : -
"that fully met their objections, which they subsequently approved.

o
Regulations required the proposed line to be advertised, (10) and

#wc objections were received from local residents. In both instances
j . -
‘the objectors would see the line and fowers 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 serious enough
to;@dld another inguiry and accordingly_granted consent to this section
of approximately 2% miles of line on 14th August, 1968. |

7.6 The Ripponden Deviation

Ripponden Urban District Counéil appears not to have disputed
the need for this.hOO'kV line but at the inéuiry raised objection to
the green route. Councillor Riley speaking for the UfbanrDistrict
Céuncil said that a line on the'green route would havg an effect upon
the everyday lives of people living in the areas through whichfitlﬁassed.
It would be preferable to route the line through relatively uninhabited
areas visited by a considefable number of people for a short timé, -
rather than through or close to résidéntial areas occupied by é great
many people for most of their working lives, where it would be seen’

every day,
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A petition'containing-h84 signatures of mostly Rishworth residents had

been received by the Council objecting to the green route.

| Councillor Riley said that those ohjecting to the red and Blue'

. i
routes had placed too great an émphasis on the recreational and amenity

valué of the areas through which the lines would passe It also seened

to him that those supporting the green route did sé largely because they

considered the locality of that route to be less pretty and to some extent

?poilt by existing features including traffics The issueg he argued,
should be;settled cn the basis of the opinions cQunted‘by heads of those
actually'édveréely affected by the three proposals. If that was done,
é#en either the red or the blue line would be selectedj the blue&royte
?eing the more logical choices He drew special attention to the objections
;;f the goVerpors of Rishworth Schodél, and the Council also supported |
objections from Heathfield Preparatory Schocl, Rishworthj St. John's
School, Rishworthj; St. John's Church Council,"Rishworfh; St. John's
Mothers'.Union; Rishworth Women's Instiﬁute; Sowerby Division of the
Girl Guides! Association;’Ripﬁondeg Parochial Church Councilj Ryburn
Business ahd.ProfessiBnal Club; HMessrs. G.H. Binns, G.W. Anderson, and
E.L. Hurst, three residents of Rishworth. |

From cross examination of Counciller Riley it appeared that
Ripponden Council were opposed to the green route on princivle and no
amendmeﬁt‘in detail would render it any more acceptable to thém. ‘The
line would cross Blackstone Edge Moor which hzd aiready béen disfigured
by the-Monleryston io Rochdale 275/400 kV line, and would descend to.
the south side of Rishworth Village across farmland, crossing the
Ol&ham--'Haiifax A672 Road, close to Rishworth Schodl, its grounds and

playing fields.
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Councillor Riley emphasised that the line woculd be very harmful to
the village of Rishworth and the Generating Board had agreed that
this would be so. He went on to say that from Risﬁworth the line
would climb steeply through further farmland on the east side of the
valley to cross Ringstone Edge Moor, where it would constitute a
hazard td gliders taking off and landing at the airfield. The hazard
would be such that if the route was approved withcut amendment the
club would have no alternative vut to cease its flying activitites.
A;substantial,claim would belmade for compensation, particularly as
vthe Gliding Club knew of no possible alternative site anywhere in the
surrounding area. .

‘ Further to the north-east the line would cross land allocated
for residential development at Barkisland in close préximity to
Barkisland School.,

Ripponden Council was not satisfied that it had been shown
that adoption of the green route was in the national interest or fer
the benefit of the community enough to justify the subjugation of
local objection. He knew that the Board did not 1ike the green line
for techhical reasons and that it would cost considerdbly more because
of its greater length, butlto his Council the blue route was the
logical one because it was the cheapest and affected the least number
of people.

The Minister in his letter of decision (9) deferred his
decision in respect of this section cf the line between Rishworth and
Barkisland and suggested an alternative route north of the green route

with the intention of avoiding 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 acceptéble to either
party. The Board's officers were also of the opinion thét such a
route would cause considerable damage to the amenities of the area.

The Board also considered an alternative route further éouth
than the green route, (11) which if it had been welcomed by all
affected parties would have been acceptable to the Board even though
t@ey considered it inferior to the green route, and would have cost
4 aﬁproximately'£70,000 rnore. However, this dotted blue route did
not solve the problem of the Halifax Gliding Club as it would have
still to some extent obstructed the aﬁproach to their landing area,
as well as raising the objection of some 500 people living in the
‘ficinity that signed a petition opvosing it.

The Yest Riding Coﬁnty Council préferred the original green
route although not objecting to the proposed dotted blue route. 1In
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 routes

In view of the objections to both proposals a public inquiry
was held at Halifax in November, 1968 at which all these matters were
examined, (12) The Hinister has not yet given his decision.(13)

7.7 Sonclusion

Although this study of a pronosed route of about 30 nmiles
for an overnead line has been dealt with in considerable detail, it shows
how teciinical matters tend to bvecome interwoven with amenity considerations,

and how these judgements are affected by economic oninions, rathner thaa
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by facts. A typical example of this.was the postulated loss to the
tourist trade in the Bronte country vecause of the visual effect of
a transmis;ion'line. 3imilarly the Board hinted that on one route
because of its altitude they may have to construct tae line as two
sipgle circuit lines which would involve two lines of towers instead
of the single line of double circuit towers. This statement was not
explained nor cross examined, but remained in the background as a
mild threat. In one sense the Board can nlan an overhead line route
w}th ; certain sense of objectivity, by weighing the various costs
o% one route-against another and forming some relative assessment of
the value of landscane beauty. Having decided a route there seens
to be a hardening of their attitude w%ich one may attribute to the
considerable amount of personal and preliminary engineeringleffort
required to find a practical route. The number of alternative routes
over a distance of 30 miles. are almost infinite, and the amount of
effort required tq examine every suggestion put forward, would
probably be beyond the resources of the Board ajailable for this
purpose, and in any event it is highly problematical if the end result
would justify the cost.

This case study has demonstrated that the Board has a very
diffieult éask in planning the route for an overhead line, and that
whatever it does is most certain to be wrong in the opinion of those

persons most directly affected by the line. 'The view is held by a

few people, that however serious the injury to visual amenity caused

by an overhead line, it will prove to be neither irreparable nor
permanent. An overhead power line simply demonstrates the linmits of
gur vresent technical knowledge, and it may well be that within the

next 40 to 50 years the present system of generation and transmission
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of electricity will ve obsolete, and the thousands of miniature

Eiffel towers with their sasgginz wires disappear from the landscape.
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CHAPTER SEVEN

References

Te j See Chapter seven bibliography for the complete list of
documents referred to.
J
2. ' The Publlc inquiry was held in the Victoria Hzll Keighley
from 28th June to 7th July, 1966 by Mr. A,T. Baldock, C.Enge, MeI.E.E.,
a Senior FEngineering Inspector of the IHinistry of Power end Mr, G.A. Simpson,
M,T.P,I., Dip. T.P., A.I.L.A,, & Senior Housing and FPlanning Inspector of '
the Ministry of Housing and Local Govermment,

3. These involved the crossing of the A6033, and the A58, the crossing
of the proposed Bradford to Elland 275 kV line, close proximity to the
existing Monk Fryston to Rochdele 275 kV line, and spanning the Calder Valley.

L, Counc1l for the Preservation of Rural England 40th Annual Report
1966 page 20 and 41st Report 1967 page 14.

/ .
5 / Copy of Electricity Act 1957 Section 37 enclosed as Appendix G.
6. - The society was represented by Miss Susan Crabtree a schoolgirl

at the High School.

e Dr. Forsyth and Mr. Marshsll-Holmes did not give evidence at the
" inguiry, but suggested several routes in correspondence with the Minister.

8. The Ramblers Association were represented by Mr. A,J, Roberts, and
Mr, J.2.K, ‘ilson, Chairman of the VWest Riding Area of the Association,

9. Letter dated 18th May, 1967, reference EL,82/16/A355 addressed to
all Local Authorities concerned and objectors. '

10, Regulation made under Section 3% (2) of the Electricity Act 1957
requiring the details of the proposed route to be published in at least twe
newspapers circulating in the locality.

1. This route was subsequently referred to as the blue route but in
order to avoid confusion with the original bluve route it will be referred
to, and shown on the map as the "dotted blue™ route,

A2e The Public inguiry was held in the Mzrlborough Hall Halifax from
29th October to 3th November, 1968 by Kr. R.G. Anstee an Ingineering
Inspector of the Ministry of Power, and Mr. D.J. Sasterbrook and Inspecter
of the Ministry of Housing end Local Governrert, -

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 THREE: SUBSTATIONS

CHAPTER EIGHT

‘Substations
8.1 Introduction
8.2 General description .
8.3 Sitting Criteria
8.4 ZLand Use
8.5 Acquisition Areas
8.6 Conclusion

8.1 Introduction

An essential part of any transmission system are the connectiong
?al%ed‘substations required at the ends of every overhead line and cable.
It ;ill be appreciated that every power stafion, as they are gll connected
to the grid system, (1) will have its associated substation. This is a
ﬁhysical part of the power station, within the same site boundary and would
therefore logically be considéred with the power station complex from the
point of view of siting, land use, and amenity. This thesis~is solely
concerned 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 Appendix I. Appendix F &also schedules the year in which these
supergrid substations were commissioned. It will be observed that in 1960,
- seventeen substations were commected 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 these substations were
extended for 400 kV working. 1966, 67, and 68 were the three busiest years
for the commissioning of 400 kV substations, and it wil} 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 1960.
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8.2 General description

Electricity substations are required for two main purposes;

i

switching and transforming. It is necessary to switch circuits to
maintain supplies, to take lines and equipment out of service

for répairs and maintenance, as well as to afford protection against

the effects of such events as accidentis, and 1igﬁtning strikes.
Transforming to higher and lower voltases is required devending upon

the function of the line the transformer serves. By combining both
these functions on one site the interchange of lines and transformers is
facilitateé, but not every substation is designed for both operations.
A:éwitching station need not have transformers; but a transforming station
must have the ability to connect and di;connect the transformers and if
necessary to bypass then.,

There are numerous electrical layouts for substations, but the
cbmmon essential feature is that every circuit eﬁtering the substation
should be capable of being switched to any other circuit and likewise if
. transformers are installed, if the substation is transforming then it
will pomprise two or more separate compo;nds for each voltage., The

Generating Board operates at transmission voltages of 132 kV 275 kV and

400 kV and transforming takes place only between those voltages. 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
subétations. The rows of steel gantries probably forﬁ the most visually
dominent feature of these substations. In an attempt to reduce the

height and obstrusiveness of these structures the Board has developed

another arrangement whereby instead of the conductor being hung from a

supporting structure, the ccnductor 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 triangular cross section. The bhotographs prepared by the Board |

illustrates the considerable visual improvement the new design achieves (2).
In other pérts of the substation the conductor is fixed to the

top of é stack of rigid insulators mounted on a concrete post., All the

electrical eqﬁipment is arranged at sufficient height for & person

to walk through a live substation in complete safety. The substation is

surfaced with shingle or granite chippings and the whole area enclosed

wit? an 8 ft. high steel security fence. The general feeling of size,

and the lack of any familiar objects with which to relate size, tends.to

leave oné with an impression that the supergrid substations are massive,

inhuman, and sterile creatiomns, and to Tind a site of 30 acres to be

occupied by such equipment in a manner acceptable to the public presents

a serious and difficult problem for the Board. Fully tp apgreciate 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 of & site for
a substation. Firstly there is the requirement of the naticnal 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 requirements, 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 tﬁe electrical reouirement 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 requirements of the national pattern of generation and transmission,.
It ﬁay be required to reinforce an existing substation caused by an
increasing electrical demand from én urban area, or be near to an
existing or planned source of genefation that requires a connection to
.the Supergrid network. The area of search may be determined by the
facility to provide switching at the intersection between existing and
planned high voltage routes or to be near a confluence of existing high
and low voltage lines which could be diverted into the new substation with
a minimum of new line construction. Not all of these requirements will
apply, and their relative importance will vary according to the circumstances
-of any specific site.
Klectrical requirenents

The focus of search having been defined b& the needs of the systen,
it is implicit that the nearer the proposed site is to the focus of search
the more economic is the development of the substation, because the connections
to-the existing network are kept short. The cost of a 400 kV overhead line
is £65,000 per mile so it maybe readily appreciated that any movement away
from the optimum electrical positien would incur a large cost peﬁalty.

| At a recent pﬁblic enquiry it was given in evidence that to move

a site from the optimum electricallposition to another two and a half miles
away would involve a cost penalty of £680,000. This additional cost was .
virtually entirely due to the extent of the secondary connections to the
substation,'and reflected the sensitivity of such movement. To move to

another sugcested site six miles away would have involved en additional cost

of £2,300,00. (3)
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A substation site should be largefenoughzto permit both the initial
_and any future anticipated development 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 héving to build
a more compact enclosed substation, or by'preventiné future extensionse.
This may result in the need to find another substation site in the same
'general'area at some later date with the consequent additional cost of |
interconnections.,
The choice of site should permit the higher voltage lines fo be
tal én directly into the switching station, thus avoiding the cost of cabled
en%ries at these higher voltages. Fér this reason, the Board usually
inéludes a strip of land outside the main dte works fence as a "tover reserye".
Once 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 agricultural purposes.
If.a substation is to be connected into an existing line it is
usually sited immediately alongside, so that the turning in of the line
may be easily accomplished, A site directly beneath existing high voltage
lines would require the line to be temporarily diverted to permit the
constiuction of the substation, which would involve extra costs that the
Board would obviously prefer to avoid. In the case where two linés 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 operafion
of the existing circuits. These can then be simply and quickly connected
to the substation at minimum cost.
) In areas liable to heavy industrial pollution or sea Spray, there
is a danger of electrical flash-over due to contamination of the insulators.
Yhere this type of envircnmént cannot be avoided an indoor substation is

usually built, involving additional construction costs, (&)
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Civil requirements

If the site is not large enough to accommodate all the electrical -
equipment in the standard form of layout, special designs and arraﬁgements
may be required which would involve increased civil costs, The electrical
equipment is best suited for a level site but may be modified to suit
gradients up to 1 in 8D in one direction only. A site on steeply sloping or
undulating ground would require considerable earth moving. A rather extreme
example occurred a§ Yymondley in Hertfordshire where it became necessary
to.move over 600,000 cubic yards of material to obtain the necessary
minimum slope. (5) Civil costs are greatly increased if an equal cut
and fill operation is not possible, and material has to be brought inté,
or taken from the’site to achieve the r;quired formation level.

Substations have been built on practically every type of soil
from rock to bog, land liable to subsidence, and flooded disused clay and
gravel pits, The civil engineer would prefer to avoid sites with such
éoor ground conditions because of the extra cost in constructing special
foundations to carry very heavy loads, particularly those carrying
transformers which can weigh up to 300 tons.

A substation must he free from the possibility of flooding so
far as possible; as flooding would jeopardize the electrical supply to a
large area at a time when electricity Qould be particularly necessary to
run essential services. If however there is the remotest possibility of
flooding the Board is always prepared to iﬁcur the extra cost of raising .
the levei of the substation by filling the whole of the site. To raise
a 30 acre site by six feet could easily cost anything between £75,000

and £200,000 depending upon the availability of suitable £ill material. (6)
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Access to a substation is required from an existing classified road
to permit the passage of heavy indivisable transformer loads of up to 250
tons. The access will need to be not less than 18' 6" wide and with a height
clearance of 18' 9", These are rather stringent requirements, and the
selection of possible sites is sometimes influenced by the Board's desire to
eliminate 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 on its staff, land surveyors and valuers to negotiate

/
/
Lhd purchase'of land, and therefore readily recognise the effect.that the

{

acquisition of 4O acres or so 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 agricultural 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 no

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
attitude to the selection of a substation site that will affect the least
pumber 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 tﬁe optimum electrical and civil
requirements.

The Board however is reluctant to acquire land compulsorily, (8)

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 ih the case of a sale to the Board. It is 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 optimum electrical
position because of acquisition difficulties, or by purchasing from a
willing vendor at a more expensive alternative.
Amenity considerations
’ The Board is statutorily obliged to take in account the effect
that its cﬁerations have on amenity, (9) but is also concerned because
thﬁ Local Flanning Authority from vhom planning permission is required
will be particularly aware of this aspeet. +t is therefore in the Board's
interest to consider the affect a proposed substation will have on amenity |
ffom the very outset. -A substation presents a visual impression of
industrialisation, and of all the forms of land use an industrial area would
.seem to be the most appropriate. The Bbard therefore tends to choose, and.
-is often encouraged to select a site in an area of existing or planmned
industrial development, or where it would be visually compatible with its
surroundings. There are however certain fown planning difficulties resulting
from this presumption which will be discussed later in this chapter.

The general consensus of opinion szems to be that the best site.
for a substation from a visual amenity point of view is one that affords
the maxirum screening., The public does not regard a substation as
contfibuting'anything to the visual scene, and consequently such constructions
are best hidden. Sites that avoid the substation g&ructures appearing 6n
the skyline, and those that take advantage of tne natural land contours,
are preferred. Conversely the Board tries to avoid sites that may be

.overlooked from points of public access, or those close to residential areas,
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Iﬁ rural areas sites that take advantage of existing tree plantations,

. hedgerows, and woodlands to provide immediate and effective screening tend
to be favoured. A particularly successful example of this is the éubstétion
at Ninfield in Sussex which is situated at the head of a shallow valley,
and is well screened by the surrouding woodlands. In this instance hardiy
any tree lopping or felling was required for the line entries as they wvere
routed carefully through the gaps between the wocds to the north and north
west of the substation. However, when such tree screening is not present
the Board usually offers, and is requested to carry out screen planting.

" The extent of this work is considered in a later chapter.

OccaSionally a primary substation is established adjoining a lower
voltage substation, because of the considerable economic and electrical
advantages to be gained, but which often results in some amenity detriment.
An existing substation represenis a considerable investment apd'if a new
substation is required the advantages of easy connection betweeﬁ them and
thé advantages of utilizing the existing overhead lines are obvious. Sundon
éubstation situated adjoining the west side of the M,1. about 37 miles north

-of Dunstable is a tyvical example. In the beginning and a lonag time before
the motorway was built a small 33 kV substation was established reqﬁiring
about a third of an acre of land. A 66 kV substation soon followed, which was
furthef extended to 132 kV., In about 1963 a temporary 275 kV substation was
commissioned. This large extended substation is readily visible throughout
its whole length 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 66 kV were quite well sited and even the 132 kV
development before the advent of the motorway was probably fairly acceptable.
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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e turn over for:=
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Map 36. Showing thé 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 demonstftated that future developmént
should be borne in mind when proposed substation sites are being considered.
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the growth of Sundon substation, which illustrateé-how the cépitél invested
in a site becomes the overriding factor deteiming the location of-large voltage
substations, even though the initial capital may be small in resyect to
the §ubsequent developments. A similar situation is shown in the air
phot%graph of Northfleet substation adjoining the A2(M), |

Local Planning Authorities when asked to approve sites for
proposed substations, even if well sited and screerned, would be wise to
?iew the possibility of the substation being extended or even rebuilt
to a highgr voltage. They should consider whether the selected site
would stiil be acceptable under such circumstances and act accordinglye.
ﬁﬁe case of Sundon which is only typical of se#eral others (10) should
be a warning to alert Planming Authorilies to this possibility.
Consideration‘of associated overhead lines

It is generally recognised that the worst visual aspect of a

substation is the concentration ef overhead lines, converging on to a

substation. This suggests that the Board should study the routes of

all the future line entries to a proposed substation site in order to
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 cverhead line connections which
in itself is a considerable amenity advantage. It will be readily
appreciated that there is considerable room for differences of opinicn
when a fairly open substation site has the advantages of short connections
with a cost saving, over an alternative site well screened, but requiring

extended connections, even if such connections are not conspicuous,






Reduction of acoustic interference

A substation generates a certain degree of noise vwhich derives
mainly from the operation of transformers and zircuit breakers. Transformers
emit a low hum, and circuit breakers when operated make a very large crack
accompanied by a deep thud. This noise is sufficient to cause an
unsuspecting person nearby to jump with surprise, and alarm. These loud
bangs can be very disturbing to local residents, although animals seem to
become accustomed to the noise. . There are however occasionally exceptions
when the Board has been presented with a claim for the loss of farm
[animals that have aberted as a consequence of the operation of LOO kV circuit
bgeakers. Mransformers can be enclosed, and circuit breakers can be fitted
with muffs, or an alternative design u;ed that substantially reduces noise,
but all these ways of ameliorating the noise nuisance represents an
additional cosi to the substaticn. UVhether or not action is taken by the
Board to reduce noise, there is a tendency to site a substation as far
away as possible from any dwelling.
8.4 Land use

An attempt has been made to see if there is any underlying
principle or policy of the Generating Board that is discernible in the
selection of substation sites, A survey of all 40O kV and 275 kV suitching
and transformer sites in Ingland and Wales was made to establish the former
use of the substation site vefore construction, and the Local Planning
Authorities proposal for the use of such land indicated on their Development
Plans. A 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
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Former Land Use ] ' No. of sites

~J)

VINAQFDaaanFa

Agricultural
Allotments
Derelict
Disused pits
Disused power station sites
Foreshore
Heath land
Industrial
Refuse tip
Residential
Water meadows
vWloodlands

-d

Table 6. Former land use of primary substation sites.

Development Plan Zoning No. of sites

White land

Industrial

Area for deposit of Waste lMaterials
Sewage disposal

Gravel extraction

Clay working

Chalk extraction

Mineral workings

Residential

Public Open Space

Ministry of Supply Land

War Department Land

Water Works

Surface winning of coal

Land drainage - washlands
Statutory allotments

Green Belt

Area of Outstanding Natural Beauty
Lee Valley Regional Park

(O ’ -
NN DANND DW= JIJ-R)N)F'N)S?

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 reclatively cheap to acquire and is usually
 fairly economical to develop, The fact that 36 of these rural sites
are in CGreen 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 inquiry, (13) eight were either in a Green Belt or
proposed Green Belt, The Local Authority's objection may not have been
principally because the substation was sited in an area of protected
land, but nevertheless in every case the Minister of Housing and Local
,’ !

ﬁovernment allowed the appeal, and permitted the development.

One such appeal concerned a proposed substation site at Berkswell
situated four and a half miles to the south west of Coventry which was
refused by the Varwickshire County Council for the reason that:-

“"The provosed site, although lying within a rural area

forms part of the proposed Green Belt around Coventry,

is also in close proximity to residential development.

It is considered that an electricity sub-station of the

size proposed with the mass of large external equipment,

together with the numerous and very high pylons, would

be injurious to the amenities of the area and could also

cause a nuisance ‘to residents in the locality'. (14)

Following a public inquiry (15) the Inspector wrote:- (16)

"I do not believe that making an excevtion to green belt

policy here, for a public service development of a kind

that frequently has to go on green belt land, need make

it difficult to refuse general develovment. Horeover in

this particular situation it is further residential

development tkat is most likely to need resisting, and

the proximity of an electricity sub-station might well

lessen that pressure'. The Minister accepted this view

and allowed the substation (17).

A similar case occurred when the Board provosed 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 proposed extension to the Metropolitan and Local Creen Belt,

and is also within the Chilterns Area of Outstanding Natural Beauty.



The Local Authority objected mainly on the grounds that a substation
should not be permitted in such protected areas and pressed their
objection to a public inguiry. The Inspector in his report said that
he came to the conclusion 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 anpropriate
location to site a substation from the point of view of land use, would
be in an area zoned by the Local Planning Authority for some form of
iﬁdustrial use., Only twelve instances of this occuring have been recorded
bﬁt when it does it usually meets with universal approbation, There has
been however, one instance when such a proposal was rigorously opposed by
the Local Planning Authority (19). This happened in the case of Birkennhead
substation wvhen the Bozxrd haé selected a disused brickworké site which
had been rezoned for light industrial use. The Local Plamning Authority
agreed that a substation of the sort proposed would fall Qithin the
definition of light indusiry and conform with the proposed zoning of the
site, but as there was a shortage of industrial land within the Borough
the use of this 1land for a substation would deprive the Borough of the
opportunity to relocate non conforming industrial users, whereas a substation
could well be sited on the nearby agricultural land.

Following the recommendations of the Inspector in his report,

(20) the Minister in his decision letter, (21) said that ne was of the opinion
that theré were no substantive grounds for withholding permission for the
development of this brickworks site for the purposes of a substation. The
Birkenhead area had been carefully iﬁvestigated by the Central Electricity-
Generating Board for possible alternatives sites and at every stage there

had been full consultation with the local planning authority. The Minister
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'was in no doubt that the appeal site was the best one available in the
" area for the purpose, and he said it was clear from the local planning
authority's approach to the matter that their sole anxiety was that
their wishes regarding the further allocétion of industrial land in the
borough would be endangered by the taking of this one area on which they
thought they could rely, He added that the question of industrial 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
' iand for a substation, then the search for suitable land for industrial
purﬁoses would have to continue. He was fully satisfied that the erection
of a substation on the aprezl site was an appropriate use for the land,
having regard to its location in the existing grid system and its unique
hiding capacity for a use vhich was norﬁélly so difficult to fit into the
landscape. In his opinion it would be easier, should it prove necessary,
té find other land more amenable to light industrial development than it
wguld be to find a suitable alternative site for this large substation.
He recommended that the zpveal be allowved,

. There has been a tendency for local authorities to encourage
the Board to develop sites which féquired such difficult and expensive site
works that no private developer, or the authority would consider. The
'considerable resources of the Beard and the high capital investment in a
substation site, with a readily obtained planning permission has rersuaded
the Board to undertake such difficult sites. Canterbury substation was

built on wet gravel pits that had to be filled, Oldbury substation is sited

on a former 50 foot déep flooded clay pit, and the substation at South
Manchester required the removal of many thousands of cubic yards of household
and.industrial refuse. Table & shows that abbut 20 sites were developed

by the Board that were unllkelv to have been developed by anvbody else,

To this extent the extra costs the Board has borne to use these 'dlfflcult'

si;es could be regzarded as a contribution to the redevelopment of otherwise
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derelict areas, For instance in order to fill the 50 foot deep pit
at Oldbury substation the Board almost completely removed a nearby large
tip of industrial waste, and in consequence two areas of about 30 acres
of indqstrial dereliction were reclaimed, in one case as a substation,
ana in the other for factories. Oldbury is perhaps the only case on
record vhere it may be said that the construction of a substation has
actually improved the visual scene.
| In the Greater London area about the only land available to the
Board for the construction of new substation is on land they already ovn,
faqa several of the older and smaller power station sites have been .
rédeveloped as substations. An outdoor substation recuires more land for
the same electrical benefit than an en;losed substation and because éf the
high land values in Lgndon and the limitations of site size there is a
tendency to cram on to every available electrical site as much enclosed
ecuipment as the Planning Authority will permit (22).

Voodlands 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 authorities. A typical example is at Bramley just
north of Basingstoke in Iampshire where the whole wood of 90 acres vas
purchased to provide screening for the 30 acres of the substation. The
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
has also been established in Hilcot Wood at Seven Springs, Gloucestershire,
lines still have to be brought into the substation, and unless care is
taken some of the advantage of woodland screening may be lost. (25)

8.5 Acquisition Areas

A 132 kV substation 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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Map 44 showirg the siting of the 132 kV, 275 kV and 400 kV substations
in Coxmoof Wood, known as Fleet substation, Hampshire It was
considered that the siting of a substation 1n a wood seemed to provide
the perfect solution to the problem of screzening, and Fleet substation
became the first of several substations similarly sited in %
persuance of this policy - - b

-~
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Map 45 showing location of Bishops Wood 275/132 kV substation,

Worcestershire which although sited on the crest of a small hill is
effectively screened from all the nearby houses.
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Map 46 showing location of Seven Springs
Gloucestershire which is situated in the Cotswold Area of Qutstanding
Natural Beauty and is probably the highest of the Board's substations
being situated between the 800 and 900 ft. contour. This site being
-on the fringes of Hilcot Wood was favoured by the Local Planning
Authority who granted planning permission without requiring any
additional landscaping of the site.
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This is the nett area of the enclosed compounds and this area is increased
dependinz upon the length of access road, land recuired for ground
9

modelling, tree planting as well as any land used for the terminal towers

and éables.

1
i

’ hn attempt has been made to find out the actual area of_land
acquired for primary substation sites but this has presented some difficulties.
(26) A schedule of substations, and their total écquisition arca is included
in Appendix J. |
: A combined 275/400 kV substation of which there are'nearly a 100
in England and Yales would recuire on average about 40 acres of land. As
a national policy the Board endeavours to keep the amount of land it
éurchases to the miﬁimum in order that. the smallest amount of land would
5e taken out of beneficial agricultural use. It does .sometimes happen
fhat a landowner asks the Board not to 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 reguest.

The majority of planning permissions for substations impose a
condition requiring landscaping, and the extent of land for this purpose
can fary considerabiy. The Board seems to be anxious not to exercise its
statutory power to acquire land compulsorily but has done so in at least
four cases. (27) Y%hen a compulsory purchase order is provosed there
seems to be a tendency to reduce the area of land for landscaping. There
is no doubt that cémpulsory powers riay be exercised, both for the site
of-the actual substation, as well as for any land that may be required for
landscapinge. In the former case however, the area required may be precisely
calculated on the basis of the equipment it has to contain, In-the latter
case the need for landscaping, and its extent is a subjective matter which

may var& greatly depending whether ome is the objecting landovner, the

Board, the Local Planning Authority, a nearby resicent, or the Local Amenity
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Society. For the Board to determine the minium area to purchase
corpulsorily is a matter of fine judgement between all these often
conflicting interests.

1
| A recent C.P.0. case concerned a pronosed substation site at

Mop ﬁnd near Amersham, Buckinghamshire. (28) In the first instauace

the Board wished to acquire about 108 acres in order to carry out extensive
ground modelling to screen the substation; after which the larger part of
the 1and would have been reinstated and returned to the gormer'owner. The
landovmer who strongly objected to the proposed substation reinforced his
objection;by opposing the purchase of such a large area of.land. This
Wgew was upheld by local residents, The Council for the Preservation of
Bural EIngland and the National Trust, ;nd the Board felt obliged therefore

to reduce the extent of the landscaping originally proposed so that the

amended site came to 53 acres. This was made up as follows:i-

( 400 and 132 kV compounds 23 acres
Earthwork embankments, tower and :
cable reserves and access road. 16 acres
Area required for landscaping 14 acres

53 acres

An average size 275/400 kV substation occupying 50 acres of land
would cost about £3.5m which represents a capital investment 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 to
use its compulsory powers has sometimes incurred considerable extra expense.
In 1964 the Board was in consultation with the planning committee
of Manchester and Sale for permission to construct a 275/132 kV'transforming
‘

station. The Board had prepared several alternative layouts of the

proposed substation which had been submitted to the respective planning
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Committees, but they were all subject to objection for the reason that
the substation would encroach on an area occupied by piggery small
holdings. The planning committees stated that such an encroachment would
affect fhe livelihood of the smallholders, and therefore the Board should
consider some other arrangement so as to avoid this disturbance. The
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 compounds instead of laying them direcf into the ground.
(29) This enabled the substation length to be reduced by 45 feet which
Wé; sufficient to enable the planning committee to grant permission. The
extra cost to the Board which must be measured in many tens of thousands
of ﬁounds seems to be a very high vrice to pay for the retention of a
few feet of a piggery smallholding.
8.6' Conclusion

The Board has built, or is in the process of buiiding about 130
‘primary supergrid 275 kV and 400 kV substations, which would have involved
the acquisition of approximately 5,000 acres cof land. Of this area, over
half of it would be coyered with granite chippings, gravel, and electrical
equipment, and devoid of any form of vegetation. Steel structures up to
70. feet high: and a mass of other equicment, make these substations very
difficult to fit into either urban or rural areas, and the general opinion-
seems to be to try and screen them by setting the substation at a lover
lével, and creating earth banks and tree planting. The development by the
Board of an electrical arrangemeznt that reduces fhe overall height of a |
substafion has been welcomed by Local Planning Authorities and Amenity
Societies, but so far as is knowm only tﬁo sﬁbstations out of about 130
will be built to this new design. It is a matter of regret that the
revised design 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 doubt that the electrical requirements for
the siting of substati§ns are the dominant factors, on the grounds of
economy.'.The cost of the electrical equivment,; and overhead lines
dictate fairly precisely the optirmum economic location., Any extrz costs
of land acquisition, additional civil works, because 0f extended access
roads or poor soil conditions, or landscape treatment; incurred at the
optimum electrical sife would be easily exceeded by even a modest
moyement awvay from the optimum electrical position.

The Board generally seems to shqw little practical regard to
either land use, to Green Belts or other forms of protected land, although
a few exceptions have been men%ioned in this chapter.

The fact is, that all but eleven out of approximately 130 sites
obtained planning permission from the Local Planning Authority. The
femaining eleven sites went to public inquiry which were subseguently
gllowed by the Minister. bThis tends to confirm that the Board is probably
right in their policy of the simple and direct ecomomical approach to
the problem of substation siting.

In recognising that the Board is 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

amenity shows only a partially successful approach.
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CHAPTTR EIGHT

References

l. There are a few very minor exceptions to this general statement
which will be apparent on referring to the ifap in the pocket at the end

of this volume. These exceptions are the small hydro stations at Chagford,
HMarytavy and Morwellham in Devon, a total generating capacity of only 5 MW.
It is understood that they are all scheduled for closing down in the near
future.

2. These photographs were prepared for the purpose of presentation

at a public inquiry into a proposed substation site at Mop End near

Amersham. Only a prototype aluminium bricdge structure had been built at

this time and the lower photograph is a montage based on the other photograph
but altered to give an artists impression of the visual effect of the new,
design. The credibility of the lower photograph may be in some doubt but
there is little doubt that the 42 ft. high aluminium structure will be a
considerable improvement visually over the 70 ft. high steel gantries. So

far as is know the only places that the new design will be used is at MHop
End, and at Wwymondley in Hertfordshire.

3. Report dated 30th November 1967 reference EL72/16/A35 by

Mr, ¥W.L.M. French, Deputy Chief Engineering Inspector Ministry of Power
following a public inquiry from 22nd to 3lst August 1967 into objections
to a Compulsory Purchase Order for a substation site at Mop End near
Amersham. Page 13, para. 48 and Page 15, para 60.

L, There are two in the Liverpool area at Frodsham and Rainhill,
and also at Kearsley near Manchester, and another at Whitson in Monmouthshire.

Se Daily Telegraph 29.9.65.

6. The substations at Nursling in Hampshire, and Walham in
Gloucestershire, were both raised several feet by importing filling material,
but the additional cost of this work is not known.

7. New access roads of a quarter mile long are fairly frequent;

an access road of just under a mile to Cowley suostation, and a mile and a
half to Bramford substation in Suffolk are rather exceptiomal. The extent
to which local authority roads are widened and remade purely for the purpose
of enabling the delivery of transformers is not known, but some 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 substation site. These were at Feckenham
Wymondley, Berkswell and Mop End.

9. The Electricity Act 1957 Section 37 obliges the Board to pay cdue
regard to amenity, the full text is included as Appendix G. This requirement
has recently been extended to all statutory authorities in Section 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 Hertferdshire, Penwortham in Lancashire, West Boldon in Durham and
Wymondley in Hertfordshire.

11. The complete list is included as Appendix I.

1 . .
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, 3redbury,
Legacy, Birkenhead, Wymondley, Chickerell, Burton Green (now renamed Berkswell)

! .
14, " Refusal by Warwickshire County Council Application No. 17980 dated
8th September, 1965.

15. The inquiry was held at Coleshill 12th, 13th, 18th and 19th

O?tober, 1966,

P!

16. Report by Mr. Charles Johnson FRICS. Inspector ilinistry of Housing
and Local Government reference 2243/A/8659 dated 12th December, 1966, Page 18,
para. 9l. :

17. Minister of Housing and Local Govermment decision letter reference
P14/APP/2243/A/8659 dated 22nd June, 1967,

18. - Report dated November, 1967 by Mr. A.G. Harcourt Senior Inspector
Ministry of Housing and Local Govermment following a public inquiry at

Amersham from 22nd to 3lst August, 1967. Page 15, para. 71(i). The linister'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.=E. Rochard -~ Thomas, A.R.I.C.S., H.T.P.I.,
Inspector ilinistry of Housing and Local Government reference APP/854/A/83516
dated 27th November, 1964,

2. Decision letter from Minister of Housing and Local Govermment
reference APP/854/A/83516 dated 29th December, 1964 and fully reported in
Birkenhead News2nd January, 1965.

22, Examples of enclosed substaticns in the Greater London area are at
Wimbledon, Hackney, St. John's YWood and %Willesden.

25. Span September 1967, Fage 5 and Span December, 1968, Page 1l.
This substation is due to be commissioned in Juiy, 1969.

L Pattern of Power - C.Z.G.3. publication 1963, also Electricity
and the Land - C.Z.G.B. publication 1962.
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25. See photograph 20 for the case at Cowley substation where tree
felling for an overhead line entry inte the substation destroyed the remaining
peripheral tree screen of the wood.

26. Very few supergrid substation sites are yet shown on large scale
ordnance maps, and there is no published source that provides this information
except in the very few cases of an Inspectors report following a public

inquiry. 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
adequate for the purvose of this chapter. '

27. ‘ These were at Feckenham, YWymondley, Berkswell and Mop End.

28. Report dated 30th November, 1967 reference EL72/16/A35 by
Mr. W.L.M. French. Op.cit. .

29. ' The technical details of the construction of this cable tunnel are
explained in an article, Experiments on Detection of Insulating Oil Fires in
a Cable Tunnel by K. Reed and P.i. King., Span June 1968.
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. CHAPTER NINE

) Cage Study - A Substation in South Buckinghamshire

Introduction

The-case for the Generating Board

The case for the Objectors . !
The Inspectors' conclusions

Further investigation of dlternative sites :
The inquiry re-opened

Conclusions

N VTN

9.1 Introduction
The previcus chapter dealt’ with the main considerations influencing
the selection of a site for 2 large electricity substation. and it would be an

in#eresting study to see how far thése,consideratiqns.are valid, and the

weight given to them in a specific situation.

! . There are difficulties in seélecting a substation for the purpose of

examining the various factors that led to its location, becasue one cannot be

‘sure that it would be typical; and the tendency would be to choose one thet

|

. C . .

had some exaggerated features. Nevertheless if the site selected for detailed - .

: ' . ! ' k:_ e \:-.,
examination has been well docunented, it at least presents the opportunity of "~

extracting more reliable facts upon which to draw some conclusions;

One such site was the subject‘of a“proposal_by'the Gegereﬁing,Bogrd.

to establish a 400/132 KV substation at e hamlet called Mop End, near Amersham

in South Buckinghemshire. The site the Board selected was vigorously opposed,

which resulted in two public inquiries and much press comrent. This case

.was particularly interesting as the proposed site was situated in an area of

outstanding Natural Beauty, znd the costs of alternative sites was much

Note:- ¥ap 50, an eztract from 1" 0.S. 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 question of vwhat value to put upon beautiful landscape was

L argued most eloguently as well asvthe electricalvjustifiCation foF the qeed
for a subétation. It is thought therefore that the case of lop E#d is worth.
-] careful:study. (1) |

9.2 The‘Casgffor the Generating Board

Sometime in 1964 the Generating Board decided that it required a
substation site in South Buckinghamshire to obtain a major source‘of power
'ffom the supergrid iq order to reinforce electricity supélies in that area.
i : The Board's system design engineer initiated the searéh for a

sﬁbétatidn by defining the objectives that the proposed new substation was
to achieve. He has said in evidence that the substation should be suitably
}ocate& to take the electrical demand iémediatelf of f of the three éxisting
132 kV transmission lines which run to High Wycombe, Loudwéter, and to Iver.
" This'¥as to be achieved with a minimum of new 132 kV overhead linés oi cables.
The.major centres of demand are concentrated in the Chesham - Ameréhém, and
High Wycombe —~ Beaconsfield areas.. (2) The substation was required to be
located between these towns in order that future transmission connections
could be made with minimum cost and effect on emenity. The substation
 §hou1d 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 XV 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 amenity of
substation -and associated transmission linés were kept to a minimum. it was
also necessary to have in mind thé possibility of a new 460 kv trapsmission
line between Cowley and North West Lopdon, and its connection to i;s

existing 400 kV line, (3) shown diagrammatically on Map 48.
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The Board's engineer said that the search forla substation site with .
these technical requirements 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 reaslised from the outset that it would be
extremely difficult if not impossible to find a site which did not have some
effect on amenity 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 ameﬁity and possibility of concealment in association with the
éve!head lines they preferred a location at Mop End with a practical
altgrnative 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 impression that the Mop End site was also preferred by them as the
least objectionable.

On 1sf August, 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 agricultural‘use for
arable or grazing soon after the completion of the ground modelling., There
. was however considerable objection to this proposal because of the large
area of land involved. At fhe request of the Buckinghamshire Branch of
the C.P.R.E, a meeting was held with the local residenté at‘Mbp 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 adjoinihg woodlands. This resulted in an overall proposal which
reduced the acquisition area to about 53 acres, made ﬁp 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 Mop End, discussions and
consuitations took place with fhe 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 ﬁell as interested local
residents at Mop ﬁnd. The Béard,also arranged a visit to a similar.substation,
and they have said that all observations and suggestions made at those meetings
were noted, and whére bracticable incorporated in their amended proposal which
was submitted for planning permission.

I : -
Following these consultations the Chiltern Society wrote to the

Board :-

"We fully recognise the great-care with which the
Central Electricity Generating Board have sought a
site which will be as inoffensive as possible. It
may well prove to be the case that Mop 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:-
"We think the Commission 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 cammot 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 objections, and planning
permission was refused. The Board lodged an appeal against this refusal

and a public inquiry was held. (10)

At this 1nqu1ry the Board's witnesses attempted to demonstrate
that they had gone to a lot of trouble to consider the effecu of amenlty
of the site at Mop End, A set of air Photographs, (11) site photographs
(12) and a model were exhibited, (13) & selection of these photographs

end of the model are included on the following pages.
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The appeal site was situated on a comparatively:high part of
this ﬁndulating countryside, and the formation level of the substation
would be about 500 ft. above ordnance datuﬁ. The presence of the existing
trees of about 70 ft. high would give excellent screening as well as
providing a backgroun& to the substation equipment. The orientation of the
compounds was arranged to take the greatest advantage of the contours and
to provide the greatest berefit from the earth moving operation of cut and
fill by establishing the substation floor at the lowest practicable level.
The érecise position of the substation was also influenced by the desire to
site the installation at the greatest distance from the houses at Mop 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-east, and site number 3 north of Mop End Farm are all on
exposed high ground above the 500 ft. contour line and would be visible
from residential development at Holmer Green, Beamond End and Mop End,
and clearly visible from Little Kingshill and the Missendens. The line
entries, for éach site, would be much more obtrusive than for the Mop End
site. Site mumber 4 in the Rough Park is on the highest pait of the woodland
area and the necessary line entries would have necessitated the felling of
many 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 ﬁould be required to
form the substation floor, and in comsequent 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 would be three
overhead lines crossing the A413 road in close proximity. Two of these lines
would_#e close together around Little Missenden and this was also considered
to be most undesirable.

/ in the early stages of consultation Site No. 7 at bwlseérs Wood
seemed to find some favour with the county and district representatives.
If one regarded merely the substation itself this would have been a good
site as it is on low ground below 350 ft. A.0.D. and is not unduly close
to many res%dences. One disadvantage would perhaps have been the interference
with nurerous footpaths in the area, but the more serious objection to the
sitg seemed to be because of the overheaq line diversioﬁs which would be
required.

All these alternative sites are within the Chilterns Area of
Outstanding Natural Beaty. No other sites had been suggested during the
veriod of construction by either the County Council or Local Authorities,
and although in refusing the Board's application one of the grounds was
that "The Planning Authority were not satisfied that the substation cannot
be sited outside the A.0.N.B."™ they had not suggestea any such location.

The Board were confident that there was no site other than that chosepn,
even outside the A.0.N.B. vhich would have a less injurious impact on
amenity generally.

One objector during the course of the ingquiry suggested a further
six alternative sites which were all situated outside the Area of
Outstanding Natural Beauty. (15) The Board's officers gaid 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 the green belt and had disadvantages iﬁ the development
of the 132 kV system and the connection of a possible future 400 kV line.

The Board in commenting 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 East Claydon to Iver 400kV
line towards the substation at Iver, the greater became the technical and
economic disadvantages, and the amenity problems.  Electrical reinforcement
from Iver substation or nearby, did not meet the electrical design parameters
lgidldown by the Board's system design engineer. It was remote from those
aieés requiring an electrical 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 required
areas,

A study 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 suitably enlarged 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 thfough the built-up area bétween Watford and
Hemel South. To provide a reinforcement system by 1980 comparable with
the Mop End scheme, and assuming that the 132 kV line comnection had to be
put underground, the additional cost was said to be in the order of £3.4
‘million. This sum would be enough to pay for the whole of the 400 kV
substation, the 132 kV substation and trénsformers required for local supplj

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 partly worked out gravel pit now in
use as a rubbish tip, situated imﬁediately south of:the London to Oxford
A40 road. This site is halfyway 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 lineé, and is not centrally
located to the load centres. The connection to a possible future 400 kV
line!would result in a birdcaging effect of overheaa lines to the north of
the site,

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 connections.
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 #ould be £3,399,000 by
1975 increasing to £11,472.000 by 1980, The cost of Oﬁlsears Wood.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 Owlsears Wood was almost entirely due to
the extent of thé secondary 1%2 kV connéctions and reflected the gensitivity
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 supplies 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

Mop End;of £241,000. The cost penalty was due mainly to the longer

transmfssion connections and particularly the placing of long lengths of

!

132 XV line underground.

The Advocate summing up the Board's case said that takding into

consideration all the factors that have emerged during the inquiry and

recognising in particular the need to preserve as far as possible the

general amenity of this part of the Area of Cutstanding Natural Beauty,

the Board was of the opinion that the choice of Mop End as a site to

pro%ide the 400/132 kV substation necessary to maintain the future

electrical supplies to area was the correct one for the following reasons:-

’n1.

2.

3.

4.

5

The site is in the centre of the area of load growth and therefore
provides the optimum position both electrically and economically.

The overhead line modifications 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 as

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 Mop End site and the overhead line rearrangement to connect
to it,." *
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9.3 The Case for the Objectors

Opposition to the proposed substation site at Mop End was
princiéally voiced by Amersham Rural District Council, supported by most
of the!local amenity societies. (16) The locai papers also affected plenty
of oppértunity 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 substation at Mop 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 extemsion to the Metropolitan
! 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.

3. The site is included within the designated Chilterns Area of
Outstanding Natural Beauty.

4. Development of the type proposed, situated as it would be on the
- upper slopes of a valley rumning through the Chilterns, would have
a 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 9f 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 Covernment had so recently confirmed, (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 inguiry
-Blx other sites that should be investigated all of which were outside the
A,0,N.,B. in the Gerrards Cross area, but nevertheless within the Metropolitan
Green Belt. (20) The Board's officers took advantage of the late sumrmer
evenings to inspect these alternative sites, and gave evidence upoﬁ them

during the subsequent days of the inquiry.
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The spokesmen for the amenity societies and residents associations,

, supported the Councils objections by emphasising that they were not satisfied
that sites outside the A,0.N.B had been seriously considered, and that any
additional cost attributable to a site outside the A.0.N.B. would Be an.
amenity cost justified to keep the A,0.N.B, free of this form of development. .
9.4 The Inspectorg 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
alternatives. The Inspector's report (21) was published three months later
in which he summarised the facts, and from them drew the following
conclusions i-

He reporteéd that the "dotted/ ‘x;oundary (22) which wes intended
to indicate the trend of electrical demands at grid points 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 speaking, 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 ;ubstations, many 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 substations being to transform and
transfer that power. Any new Supergrid substation, wherever sited, was
bound to affect the flow on existing 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 substation at pr Bnd with
its naturally well-wooded surroundings was such that the structurés of the
substation should be well hidden from general view. Given proper and
suffic{ent landscape treatment, it should be sufficieqtly well screened,
except;from certain very local and limited view points, to make the site
acceptéble in this aresa fpom & 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. (23)

’ The Inspector commented that although the substation and its
equipment would nestle into lower ground the site itself is on relatively
hig7 ground and it was therefore, the possibility of the sight of a number
.ofjbverhead lines coming into and leaving the site that had given rise to
concern. In view, however, of the undertaking given by the Board that, so
faf 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 conﬁidéred that this went a very long
way towards meet;ng that objection.

From an engineering point of view, he considered that the Mop End
site bhad considerable advantages. Other sites in the Chilterns Ares or
within the green belt would not escape some injury to visual amenity and
there was the cost advantage of Mop End to weigh in the balance, 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 take 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 alterhatively, costly

132 kV underground cables for the future transmission reinforcements of the
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ma jor centres of lead in the areas of Lye Green, Amersham, Chesham and High
- Wycombe, Loudwater, Beaconsfield. It also makes the best use of the
exiéting 400 kV and 132 kV transmission lines because of its location right
at the point of crossing of the existing East Ciaydon, Iver 400 kV line and
the existing Cowley, Iver 132 kV line. The diversion of these overhead lines .
into Mop End compared with any of the other sites could be done with the
minimum amount of new line.

The Inspector also thougnt it was significant that if the Board
w?re’unable to find new sites for generating stations in the London area,
4'fq%ure 400 kV line from Cowley towards north-west London would be
advantageous for the purpose of importing electricity generated in the
Midlands, Evidence was given on the tecénical and economic advantages for
turning in such a line at Mop End which would then;real;se the full
potentiality of the site. The existing 132 k¥ Cowley to Iver line within
the Chilterns Area of Outstanding Natural Beauty could be dismantled and the
route occupied by the future 400 kV 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 comstruction in place of a smaller one, but
the Inspector agreed with the Board's view that this was preferable to
routeing a new 400 kV line south of High Wycombe 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 4.0,N.B. between Saunderton and
High Wycombe. Even if a fuiurs 400 XV line should hot be routed via Mop End,
the Inspector was satisfied that this site still had technical and economic
advantages compared with the others which had been considered. Nevertheless,
it was the conmection of such a line at Mop End thus making it g 400 kv
switching station on the Supergrid which, appears to have led to objection

by nearly all concerned.
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The Board were commended by the Inspector for bringing before the
Ainquiry the possibility of a future 400 kV line. So often in the past they
had been criticised for not teliing the public their future plans, If the
suggested connection did come about; the necessary substation equipment and
circuit-breakers could be installed in space that would otherwise be
grassed over without in any way detracting from the lénscaping proposals.

As for the need to meet the increasing demands for electricity in South |
" Buckinghamshire and West Hertfordshire, the Inspector was satisfied that a
new substation was needed, and that the transformer part of the proposed
subsiation at Mop End would meet that need and provide for the future
reinforcement of the zone in the best teghnical and most economic way.

The Inspector accepted the Board's argument that of the 53 acres
required for the site a large part was to be used for ground modelling and
landscaping, and the relatively small area required for the compounds would
provide space for all the electrical equipment required by the local 132 kV
gystem up to at least.the year 1990. The Board did not think that any real
purpose would be achieved by reducing the compound area merely to that
required for four transformers; vhich would only meet the expected local
demand for the 14 years up to 1985, after which time another sité of
sinilar acreage would be required for further reinforcement. Still less
purpose would be served by having only a two transformer substation a Hop End
because this would require another two sites. The proposal to provide space
for eight transformers at the one site ensures the best use of land and
electrical equipment, and 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 Mop 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
Missendens. 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 Outstanding Natural Beauty.
On the basis of this he expressed the followiné opinions = (24)
"1, The proposal is one that constitutes very special circumstances,
and as such the development can be considered within 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.

'3« The appeal site is well chosen from an amenity point of view, and
! the installations are not likely to create a serious visual intrusion
to the public except as regards users of footpath No. 27.
4. In Scotland hydro~electric schemes have become acceptable in areas

of high landscape value, and personally I see no reason why a scheme

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 should 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 Furtﬁer Investimation of Alternative Sites

Following the request from the two Ministers the Generating Board
prepared a report (27) examining four alternative sitesl (28) Three of
these were outside the 4.0.N¥.B. at Longwick, Leoudwater and Bulstrode Park,
the latter being the most practicable one of those suggested by Amersham
R.D.C. at the inguiry. The fourth site was the original site at Mop End.

The Board elso laid considerable emphasis in its report that
since the first inquiry they had completed a new design-.of substation
structure 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 agd aluminium tubes .
forming the connectioq fof carrying currént from one piece of electrical
equipment to another. In the.new design all this equipment would be
superseded by self supporting'aluminium lattice structures in the form of
a bridge with a maximum hight of 54 ft. The new design of supporting |
stfucture also enabled the overall length of the suBstafion to be reduced
by about 100 ft. at each end. The difference beiween thg Mark I and Mark II
designis shown in photographs 36 and 37. (29) The Board also demonstrated
the advantages of the Mark II design by preparing models of the two forms of
electrical léyout shown in photographs 59 to 62. 1In the Board's view this
reduction inheightand the lightness of’the sfructure would be a considerable
visual improvement, and constituted another reason why the substationm at
Mop End could be made visually 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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Copies of this report were sent by the Ministers to all interested
parties and comments invited. Although such replies as they may have
received were not publicised, it would be safe to surmise that they raised

f
sufficient doubts in the Ministers mind to cause them to re-open the inquiry

to gi%e an opportunity for the additional evidence produced by the Board
to be tested by cross-ezamination., The inquiry was accordingly re-opened
on Thursday, 12th December, 1968 at Amersham Council Offices. (30)

9.6 The Inguiry Re-Opened

Two different inspectors conducted the second inguiry (31) and
although th;y had avilable all the papers and a transcript of the evidence
at;Fhe first hearing, the Board chose to present all the evidence a second
tiﬁe, which was further amplified by conéideration of the three alternative
sites 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
Mop End, other than from the footpath which would n;ed to 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 Amersham Rural District Council and the
local amenity societies, and was substantially the same as given 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-examine,
and make representations upon the merits of the slternatives. The County

Council, the Countryside Commission, and the Council for the Preservation of

Rural England, supported the Mop End site as the "least offensive,"



The Deputy County Planning Officer reading from his proof summed
. up with these words:- (32) , :

Meeoooit seems 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 vhich
would be required ir each case. At each of the altern- .

.ative sites, other than Hop End, the requirement is for
a number of additional 400 kV and 132 kV lines radiating
out from the substation whereas at Mop End, no new lines
are necessary, and in the ultimate, a net addition of two
towers will be the result. Having a regard to this and
also to the fact that since the initial inguiry the
Generating Board have designed a Mark II type substation

o which considerably cuts down the height of the necessary
/ : equipment, I am of the opinion that the site at Hop End

/ would be least damaging to the amenity of this part of
the country. In coming to this conclusion I have not

j taken into account the cost penalties calculated by the

Central Elebtrlclty Generating -Board for the three '
other sites relative to lMop 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
Thé Ministers have not yet issued their decision on this.%ppeai,
but by studying the evidence and the emotional attitudes of the various
parties, one should be able to distil some géneral‘concluéions., :
The Board made an attempt in 1961 (33) to anticipate the ‘devélopment

of the 400 kV supergrid. Their plan was based on forecasts of the

~geographical patterns of load growth-and of new generating capagity{to
supply that grdwth. Changes of .detail were expected to arise in reiation
to the connections to new power stations.ahd to new substations whe? precise
locétions weré known. So far as is known,énd some seven.years latef no
revised over#ll plan has been published. :The'existing 400 KV line gt Mop -
End was foreshadowed in the 1961’report, but there was no indicatioh at |
that time of the need for a possible substation. One is left with #he
impreséion fhat»the Board although working within the framework of ;he 1961

"
|

plan nevertheless introduces some major schemes as and when the neéed arises.
Lo . ,
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The Board by‘not anticipating or announcing the posg€ibility of thié

‘substation at the time of obtalnlng perm1951on for the East Claydoh
to Iver 400 XV line, had in large measure made the selection of th? Mop

End 31te inevitable. If the requlrement for a substation in South

Buckinhamshire had been recognised in 1960 when the. 400 kV rcute was being.
planned it would have presented the opportunity of routeing the llhe via

a more acceptable substation site. On the other hand in 1960 the»?hllterns
Area of Outstanding Natural Beauty, had not been officially defineé, but
neveqtheiéss'the landscape beauty of that area is not confined to é'Minister's
confirmation of a line on armap. .

The towns needing electrical reinforcement‘are still the‘same;-so
from the point of view of the Board it c;hld be argued that nothlng
31gn1flcant1y had changed since 1960 to suggest that even if the p0351b111ty '
of a substation had beén brought 1nto-the scheme“of the‘overhead 1£ne the
result would have been any different. The publlc ‘however, may have[appre01ated
that this part of the supergrid had been con31dered comprehen51vely rather
~ than giving the impression that their loss of the natural beauty oﬂ Mop End .
vas an afterthought. The dlfflculty of adopting an obJectlve attlthe to
the siting of a large substation in 6neis-own localitylis readily a%préciéted,
but it is significant that the National -'vPa-rks Commission with overall
responsibility for the guardianship of National Parks and A-O;N,B's;and‘the

County Council with a county wide planning reSpon51b111ty have bothxexpressed

a contrary view from that of the local authority. @
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An attempt has been made to form an objective assessment of the
'four practical alternatives and this has been set out in tablé No. 8, The
assessmént is made within the context of ‘the electrical- requirements as
set out;by the Board's system design engineer, and is not within thé scope =
of thisjchapter to challgnge these design parameters. 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

damage to the visual amenity of South Buckinghamshire.



Effect of site on amenity

Mileage of new 132 kV
connections on fresh

routes. .
Overhead Underground :

Turn-in of existiﬁg-
East Claydon to Iver.

Turn-in would involve

kOO XV line, . - —

Turn-in of future
Cowley to London
LOO kV line.

—_—

Cost penalty compared.
with Mop End. .

M op Ende

Loudwater Partly within In AONB Impact on amenity so & 570,000
ACNB. Outside 1.5 T 9.0 four additional miles of | serious as to cast doubt
.Green Belt, line, including 2 more on practicability of
Small impact on Outside AONB in AONB and 1% in Green | this site.
existing devel~- 1.0 ’ B 9.S Belt. '
opment.,
Bulstrode Park}] Outside AONB. In AONB No difficulty. Passes Impact on amenity so _ £1,160,000
In Green Belt, 1.5 1.5 very close to site, serious as to cast doubt
Between A40 road ~° ° on practicability of
and future motorg- Outside AONB this site,
.way. No 1mpact ’
on housing. 7:0 195
Wiorked out gravell
pit.
Longwick Outside AONB and In AONB 7 additional miles of Practicable but over 4 £2,490,000
- Green Belte. 2.0 28.5 new 400 kV line re~ miles of new 400 kV .
Some impact on ° : * guired _ line reguired with
housing. Plea- Outside AONB with considerable considerable impact on
- sant farmland of] 2.5 12.0 impact on countryside. existing development.
no special dis-
tinction. Visible
at range of 2-3
miles from
Chilterns
Escarpment. }
Mop End In AONB, but In AONB No difficulty. Passes No difficulty. Vould -
- well screened. _ 1545 very close to siteo pass very close  to site.
Slight impact ° - SR P :
on éxisting Qutside AONB
housing at - o » .10.5

TABLE NO. 8

Assessment of the factors relevant to four alternatlve 1ocat10ns for the selertlon of a r=ubs’cat10n

South Buckinghamshire.

€82

site in
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CHAPTER NINE

. Beferences

1. 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 fairly
familiar with the locality. The complete list of documents referred to is
given in the Bibliography for this chapter.

2. This area is shown dotted on map 50 and has been transcribed from
diagram PJA1 vhich was exhibited at the public inquiry.

3. Map 48 shows how these electrical requirements are achieved and the
geographical advantages of the lMop End site. Copies of this map were
distributed at the public inquiry, as well as similar maps for the three
alternative sites mentioned in the Board's report referred to later.

P
4, | The Chilterns A.0.N.B. had been designated 26. 5.64 at about the

samé time as those pgeliminary gite investigations were talcing place.

5e Map 50 shows the location of tLese alternatives numbered 1 to 7.
6. This site is numbered 4A on lap 50.

Te This revised 51t1ng became the site the Board finslly adopted for

its lMop End proposal and is numbered 6 on Map 50.

8. Letter dated 21.1.67. The full text of this letter was read out
at the public inquiry 22.8.67.

g. 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 Commission, but one
of its staff.

10. The public inquiry was held at Amersham R.D.C. cffices from 22.8.67
to 25.8.67., followed by a further three days of site inspections.

i1. 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 inquiry. 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 cculd be made between the Mark I and Mark II electrical
layouts.

14. Showvn on Map 50.

15. These sites are shown on Map 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, Coleshill Residents Association.

17 See Chapter 9 bibliography for list of press cuttings.

18. Report of Inspector to Minister of Housing and Local Government
ope cit. Page 1. Paragraph 3.

19. The Chilterns A.0.N.B. had been designated 26. 5.64 but not
corfirmed 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 Amershem R.D.C. Councillor who had
walked some eighteen miles along the route of the existing 400 kV line.
These sites are shown on Map 50 and numbered 8 to 13.

21. Ministry of Power dated 30.11.67 see Chapter 9 bibliography.

I
224/ This dotted boundary is shown on Map 50 and has been transeribed

from diagram PJA1 exhibited at the inguiry.

23. The Landscape Witness produced drawings GG2A and GG3A included in

the pocket at the back of this volume to illustrate the extent to vwhich the

site may be seen, and his ground modelling and planting proposals to provide
screening from the most wvunerable viewpoints.

24, Report to Minister of Housing and Local Government op.cit. page 15
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 inguiry,
at which it seemed that everybody concerned possessed a copy.

28. These sites are shown on Map 50 included at the end of this charter.

29. This illustration was included in the Board's report and copies were
available to the public 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.

3. The first inquiry was conducted by Mr. French from the Ministry of
Power and Mr. Harcourt from the Ministry of Housing and Local Govermnment and
the re-opened inquiry by Mr. Linton, Ministry of Power and Mr. Chovm,
Ministry of Housing and Local Covernment.

32, Proof of evidence of Mr. R.C. Kenyon. Page 8.

33. Statement on Development of the 400/275 kV Supergrid Transmission
Network in England and Wales published by the C.E.G.B. in June, 1961,
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'PART FOUR: AMENITY ASPECTS
CHAPTER TEN

General Amenity Aspects of Overhead Line Transmission

10.1 . Introduction .

10.2 Design of Transmission Towers
10.3 Overhead Line Insulators

10.4 Colour of Transmission Towers
10.5 Conclusion

10.1 Introduction

Aesthetics is properly a departmenf of philosophy, but has become
enténgled in the electrical landscaﬁe. This study of the supergrid would
be incomplete without considering the visual aspects of the towers and
overhead lines, which are the most obvipus paft of the supergrid network;
certainly from the point of view of the general public. One may have-
formed an opinion that transmission towers are beautiful structures
.striding grandly across the country, » exceeding ugly erections that
demonstrate the inability of engineers to introduce aesthetics into their
-design calculations. The gentle curve of the conductoré may give pleasure
to some, but to others the sagging wires contribute to a wirescape that
. destroys any view in which they may be found. It is unlikely that this
study of the factors influencing tower desigg‘would change these subjective
opinions but 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 baéically the same in design conception as the first 132kV
tower of the original grid built in 1928. Three years previously the
dentral Electricity Board had invited three approved overhead line contractors
to submit a design with an.estimate of cost to meet certain electrical

requirements specified by the Board. The Board even at that time were
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concerned about the general appeerance of the towers and their effect upon

.- the landscape. From an engineering and cost point of view one design of

tower ;as stated to be clearly superior to the other two, but before thé
final,selection, scale models were made and shown to a panel of eminent
archiéects. (3) The Board also consulted Sir Reginald Blomfield R.A. and

the design of the towers was finally settled following.discussions with him.(L)

Early in 1950 preliminary design work was carried out for the
pfoposed 2?5kV towers, and these were similarly developed as the result.
of three competitive tenders. (5) Scale models of each design were prepared
and submitfed to the Authority's consulting Architectiiral Advisors, who selected
tﬂ% one they considered was most acceptable aesthetically. (6) This was

Iy
subsequently adopted as the Boards stanéard tower design. Sipce then
fﬁrther design and development has taken place. The ﬁée of aluminium alloys
for the top sections of towers, as well as tubular members fér tower cross-
bracings had been investigated by the B.E.A. between 1950 and:1953 whicﬁ
would 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 prototype 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 tower
design(8).

In 1960, 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 tqwers. 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 4OO0kV.
-They range in height from 86 ft. to 164 ft. It must be emphasised that

these ére'standard height towers and that the tower construction has been
designéd to readily accommodate extensions in increments of 10 ft. to a
maximu; 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
usually considerably more than the standard height for the appropriate
vo}tage.

1 There is considerable divergence of opinion whether the present
design of transmission tower is visually the best that can be designed. The
Roard 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 had approved the design and that the recent designs for 275. and 4OOkV
towers had been submitted and 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 scmetimes 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 and
1967, and in every case the stock reply was given (13).

The official parliamentary reply does not necessarily indicate that
the Board is not concerned about tﬁis matter, nor that its engineers are no
longer considering the question of tower design., The standard Boards towers

dominate the tallest trees and are usually completely.out of scale with the
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i
-_Eﬁgiish countryside. A substantial amenity improvement would be made if the
,héight of towers could be substantially reducéd. With this principal
objective the Board have evolved a design for the structuPfal cross arms -
of a tower thét supports the live conductors to be made of én 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 89.ft. to about 75 ft., and if succesful
be subsequently épplied to the higher supergrid voltages. (14)
| f The Board frequently has its attention drawn to the many
~‘§xaéples’6f transmission towers erected in other éountries with theé conment
thgfjthey are always so much more elegant than those constructed in Britain.
These criticisms are sometimes valid but-on closer examination it 'becones
" apparent that the compariéons are not being made between similar voltages, nor
the carrying capacity of the line,.or the terrain through which tﬁe line isﬁ
routed. Aithough one hears more from the critics of the Boards tdwer‘designs
than from those that find them‘tolerable, nevertheless from a close study
of many.Continental and American examples the Boards steel'latticé transmission
towers are generélly reéarded to be an uninspired but wbrkmanlikéisolution
to a com?licated engineering and aesthetié problem; |

10.3 Overhead_LingWIquIatqrs

An overhead line cornductor carrying electricity is insulated frém
thevground by the.intervening air, but it must also be supported by some
means that prevents electrical continuity with the structure that cérries.it.
It is not prqposed-to_discuss the shape of an insulator as this isflaféélj
determined by the electrical requirement to vrovide the minimum distance :
between metal consistent with safety, and the practical reqﬁirement that fhe_

insulator should be self cleansing by rain in order to prevent an accumulation

of dust that would reduce its effectiveness. Drawing 5 shows the'insulators
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required to support 4OOkV twin and quadruple conductors. It will be noticed
that there are two different types. There is the vertical arrangement of
suspenéion insulator sets when the conductor is hung from the bottom of the
|
insula%or, and the horizontal arrangement when the string of insulators is
in ten;ion to resist the pull of the conductor. The twin 400kV conductor
is carried by one suspension set, and two tension sets of insulatqrs, and
the quadruple bundle of conductors require two strings for suspension and
f%ur strings in tension. The visual effect of these arrangements are shown
in photographs 63 and 64.
|

| Ihsulators are manufactured from either porcelain or toughened glass.
Itfmas been observed that generally the whole length of a line has been fitted
wi;h 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 quarter 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
such a case as this one may imaginz that the visual result would be most
disturbing.

So far as is known the Board has not promulgated any amenity
policy on this question of insulators. It seems to the observer that either
porcelain or glass insulators may appear in any situation. It is thought
that the Boards requiremeﬁts 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 porcelain, and one glass manufacturer produce these insulators.

Both types are susceptable to damage, the porcelain merely chips
or fractures, the glass on the other hand when hit 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















“on a section of line, it is quickly followed by many more broken iﬁsulators.

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 4OOKV supergrid tower, becomes quite a signéficant
Yisual element in an overhead line route. It is not known whether it is
due to fublic criticism, tut the Board has recently been experimenting with
éoiOurs other than brown for porcelain insulators. Apparently green, vhite,
and;dull yellow colodrs are féasible,_but tﬁe Board has said that they are .
_mo;e difficultlto make.and would therefore cost more. (15) HOWever‘phe
Board és on experiment is proposing to fit light grey insulators 6n a 7
mile section of the LOOkV line that is ;bout to be constructed between
Bradford and Darwen, (16) shown on map 53, It will be interesting to see
-whether this experiment brings any public response.
; Another way of reducing the visual effect of insulators is to
reduce their bulk, eitker in number or size. Research has been p?gcéediné
with this objective, and the Board has recently announced (17) that
impféved deéign and manufacture of both toughened glass and pbfcelain.
‘insulators has enabled a single string of insuiators 0 be used instead of
the double string on suspension towers, and the usé of two sérings instead
of four striﬁgs 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 névertheleséusignificant usually discordant
elements of an overhead line. L )

10.4 Colours of Trans@i§§;9n Towers

In any thorough investigatioﬁ 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 tqwers in order to meke them. less
obtrusive. Such requests often originate.either‘from-landowners faced with
the prospects of having towers erected on their land, (18) or from local
authorltles, (19) and amenity societies when they are considering the effec£
that an ex1st1ng or proposed overhead line will have in thelr area.- The
most frequent suggestion is to paint the towers green. The argument adVaﬁCeQ
is simply'that as trees; shrubs and grass are generally. green, a green object
in such a situation would be indistinguishable. A typical request was made
by éome‘re51dents at Aldridge near Birmingham affected by a tower route
‘who wrote to the Mlnlster of Power urging hlm to have the ”pylons painted to:
dgtch'the green belt". (20) It would seem justified to examlne‘carefully
why these requests erise, and any action the Board has taken to consider
them. It is known that at least three tower painting experiments have been
carried out by the Board in Hertfordshire, Mommouthshire, and Lancashire.

| The first occurred sometime at the end of 1959 on four. 85 foot
high towers o the 132kV line between Oxford and Watfora in thelneighbourhood
.qf,Bickmansworth and Chenies. (21) The towers were carerlly‘chosen for their-
differing backgrounds against woods and hillsides, scrub and erable land.
Painting was completed in March, 1960, and the results were subsequently
studied in beth wipter and summer settings. A different colour scheme was
trled on each tower. One was an all-over painting in dark bronze green.
Another was palnted §imilarly for the first 4O feet of its height with
the remainder of the tower treated in 1rregular patches of pink and blué.
A thxrd was palnted 1n-a11—over irregular patterns of black, bronze green
and plnk, and the fourth black and green at the bottom with 1lght blue and
plnkqabove. A matt palnt was used throughout to avoid light reflectlon.

Both Sir Christopher Hipton, Chairman of the Generating Board,

and ‘Sir Willian Holford, a part-time Member of the Board studied the results.(zz
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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
changing conditions of light and weather made ineffective any attempt at
all~out camouflage. A tbwer which was lost to view on an overcast day or
beneath broken clouds was said to show up 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 half a mile away in one direction but was conspicuous from

nother. A similar treatment for another tower, which stood out if viewed
/

!

against the light background of the trees nearby, was stated to be a perfect

rd

match with the dark woods when the viewpoint was changed by a quarter of a

!

mile.

Sir Christorher Hinton made a reference to this tower painting
exﬁeriment 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 tewer with the
matt finish of weathered galvarising was the least conspicous of all possible
outlines when seen against sky or hill., He said that this was particularly
so when compared with concrete towers, even though these might be cheaper
.to produée. Qhén painting becomes necessary, 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 type
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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where it has been observed that ‘a few towers in the Severn Valley near to

. Whitson had been painted a silver grey colcur, which distinguished them

from Ehe usual dark grey colours of the adjoining towers. It was nqticeable
even on dull and overcast days that the silver grey towers stood out from
the sﬁrrounding‘landscape, and they appeared particul;rly conspicuous in
sunlight.

Another experimental painting had been carried out in the area
of the Wirral Peninsular where several miles of 132kV towers had been
painted a %ight blue-green colour. From a personal study of these towers
one may ccnclude that in a very few cases; and for a short time when seen
aéainst a blue sky they appeared inconspicuous, but for the majority of
towers their rather 'pretty' colour tended th attract attention.

If it is intended that an object should be painted to make it
as inconspicuous as possibie, a general principle seewg to be that a
colour should be selected to match the tone of the baékgrouhd of the object
as seen from the principal viewpoint, and blue greys would mainly be
used 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 form and
texfure 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
hard 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 Board 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 obtained from the only practical forms of camouflage are, in fact,
marginal due to the varying conditions 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 colcur of towers as this should depend on
the type of country through which the line was to run.

.

fimé to time shown an interest in this problem. (24) Mr. Peter Shepheard

The Council for the Preservation of Rural England have also from

a ﬁandscape 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 green, British Standard
Colour 4-051, or dark grey. However, he qualified this by adding that in
certain conditions even that might prove to be too dark.

The colouring 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 bveauty of the countryside;
and if he would make a statement on his conclusions that were so far availabvle
to him,

The Parliémentary Secretary in replying said:-

"Experiments with camouflage painting in 196C led to the

conclusion that, for the majority of conditicns, the natural

grey of weathered galvanised steel rendered towers least

noticeable."

Following a further question he added:-
"Various colours and combinations of colours were tried; but

in the changing conditions none was successful in merging
towers into their backgrounds. 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 normally
used is believed to have been chosen by the Board partly on safety grounds,
becauée it makes the towers‘visible to aircrait. It is not thought 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
wpathers to a dull grey.

More recently at the request of the Iocal Authority the Board has
expressed its willingness to painf about 20 towers where the line crosses
th; 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
improve their appearance or 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 towvers
ip their natural steel=grey 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, but one would wish that a little more









306.

—_—

sensitivity could be shown by those responsible for arranging this worl, so
that minor changes in colour could be made to take account of the individual
situation of each tower. The public would thus be made aware that the Board

f

is concerned with such matters, rather than leaving the impression that it

_ |
conducts a few small experimentes, as a result of the pressure of public

/
|

opinion, in order tc justify its action of repainting every tower in England
and Wales the same colour.

10.5 Conclusion

' The erection of any prominent structure is not simply a case for the
expression Bf personai taste but a public matter; the designer owes a definite
dqu to the public which he must attempt to discharge. Most problems involving
stguctures 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 Britairn so many develop-
ments make a more or less permanent alteratioﬁ to the skyline that the
Board should be seen to give the design of its transmission towers the
greatest consideration.

The Boara however has chosen to adopt the §omewhat unusual method
of inviting tower designs_from overhead line contractors. This procedure
in the normal manner of competitive tendering would tend to emphasise the
aspect of lowest cost rather than the aesthetics of fhe 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 possibie criticism rather than
a genuine desire to produce the most visually satisfying design.

A particular solution will generally fit only one case, requiring

qualities of judgement and discrimination on the part of the designer as well as
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the ability to accurately asses the individval circumstances and an adeguate

. knowledge of structural design. Inspiration must play its part, as most forms

or shapés'of aesthetic value result from the inspired conception of one
individual.

The view is generally held that aesthetic considerations are

. inherent in the fundamentsl 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 ¢ither to hegléct or to cultivate this
aspect, which is- fundamentally their responsibility.

/
/ ~ It is possible that a better tower design may have resulted if the. -

original brief had been given to an eminent architect and or structural

engineer, and then the overhead line contractors be invited to tender for the

construction. The final test in aﬁy instance, however, must be the accepta- -~

~bility or otherwise 6f the resultant design to the public.
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y Landscagins

11,1 Introduction.

11.2 Obligation of the Board to carry out 1andscap1ng.

11.3 Board policy on landscaping.

11.4 The Board's landscaping design philosophy.

11.5 Landscaping of overhead lines.

11.6 The Board's landscaping commitment.

11.7 Evidence of landscape proposals given at public ingquiries.
11,8 Critical Assessment of landscaping schemes carried out.
11.9 Landscape maintenance.

11.10 Conclusions -

11.1 Introduction
/

' The word landscaping is used in the generally accepted sense

by Landscape Architects to express the function of creating landscape.
Landscape as created by man in the confext of the Generating Board's

operations means earth moving to create artificial groﬁnd shaping, and
grass seeding with tree and shrub planting. This activity done solely

for the purpose of protecting or improving the visual amenity of a

_iocélity has a direct effect on land use. This chapter examines why

the Board carry out landscaping, their policy towards this activity,
and a critical assessment of what has been done.

11.2 Obligation of the Board to Carry Out Landscaping

One might reasonably ask, why should the Board concern itself
with landscaﬁing? It does so for two main reasons:=-

The first is a statutory duty laid 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;

"In formulating or considering any proposals relating

to the functions of the Generating 302rdecccceccccces

shall. talke 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 kmoun generally as the
“Amenity Clause". The more recent Countryside Act extends the

|

preservation of amenity required to all public bodies. (2) In this
statéte the marginal note refe¥s to 'Conservation of Natural Beauty"
whicﬁ perhaps makes a slight distinction between preservation and
conservation; but in the case of Electricity Supply Industry the
more recent Act merely reinforces the former obligation.
| The second reason for the Board carrying out landscaping
schemes islbecause the Board is required to obtain planning permission
fﬁr its works, and in the majority of cases the Local Flanning
Ahthority imposes a landscaping condition upon the grant of consent.
One 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 justified in carrying out more extensive landscaping than the
Planning Authority required, or to carry out any in those few cases
when the Planning Authority has not imposed a landscaping condition.
It is estimated that about G0% 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 landscaping

The Board frequently reiterates its concern for amenity and
mentions the apparent conflict between the dual statutory regquirements
of providing an economic supply of electricity and the need to pay
regard to amenity. The Board rarely refers fo 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.Z.G.B. 1961 Annuzl Report (3) the Board did have some comments
that may fairly be regarded as a stotement 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
Board Members of actual cr brospective construction sites and transmission
routes, and in discussicns of amenity problems with interested parties,
including lezrned and scientific bodies.

The Board sought to promote the highest Standards of
architectural and landscaping skill, but despite this the reaction
against their development proposals had sometimes been as severe in
iinéustrial and semi-urban areas as in the more highly prized areas of
scénic or scientific interest. The Board's architects and amenity
advisers offer esrly, continﬁous and informed advice on the siting and
design of proposed.developmeni and on the visual elements both internal
and external which comprise it. Close co~-operation has been established
between architect and engineer in determining the shape and relationships
of buildings-and plant and the general site layout; to achieve an
overall treatment of the site and its.development 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 modern power stations in England and Wales would not
suffer in comparison with those of any other undertaking or country.
Although transmission lines and substations are not specifically
mentioned it may reasonably be assumed that the same Board policy

would apply.
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The Board's Chief VYWayleave Officer recently said as much in a glossy

- publicity booklet when he wrote:- (k)

} "The substations of the Grid system range from 132

| kV plant on perhaps half an acre of land to the

| great 400 kV transforming and svitching stations

; occupying, with landscaping 30 to 40 acres.

I Architectural treatment at such substations is of
necessity confined to the design of structures and
buildings and to the use of colour where this can
be helpful. Careful choice of site is, however,
all important and this is followed where necessary
by landscaping, embracing the creation of
earthworks and tree planting which may, with the

! : co~-operation of adjoining owners be off site. Such

work has already taken 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."

He went on to say that so far as landscaping was concerned, in
common 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 employed the founders
of the profession, William Kent, Capability Brown, Humphrey Repton and
their followers. Today, the Generating Board engage practising
landscape architects of the first rank and a new philosophy of landscave
design is emerging, often experimental, sometimes inspired but always
seeking a solution to complex problems.

These rather poetical words should be received critically, but
by 1966 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. !Nr. Booth the

Board Member for engineering showed that he at least possessed an

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 Institute of Electrical
Engineers, (5) that in his opinion, which he believed was shared by
some people who were not engineers, that substation structures had

| .
their own aesthetic appeal. Furthermore, he was now seeing the results

of th% care taken in recent years to improve the 'trim' of substations
- in the design of buildings, surfaces, access roads, féneing and sO on.
Nevertheless, in beautiful country, with no other sign of industry,
the visuzl combination.of substation and terminal towers was still

!
a real problem in visual amenity. He considered that the careful
choice of the site was all important, and in this the C.E.G.B. are
l#%gely dependent on the wishes of the planning authority. He went
oévto say that considerable landscape work was also being done to improve
the appearance of sites not naturally well screecned. A detailed survey
is made of all existing trees and hedges on every new substation site,
and 211 those worth keeping are moved to new positions before the main
construction work starts. Landséaping schemes may involve considerable
earthmoving operatiohs for ground modelling, as well as extensive treg
and shrub planting, and offsite screen planting is sométimes done with
the agrgfment and co-operétion of the landcvwner. The Board has used
the latest techniques for moving and planting large trees to help
create a new ﬁut mature landscape. The landscape architect worked as
part of a team with electrical and civil engineers in the planning
and construction of substations, and his special responsibility was to

advise on the overall visual effect. He also mentioned that the C.E.G.B.

had a staff of landscape 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 lool:

well in a landscape is to choose the right place

in the landscape. If that can be done,much less

money and agricultural land are needed for landscaping.
Next time you visit one of the C.Z.G.3.'s recently
commissioned substations I hope you will observe the
fruits of these efforts. Imagination will, of course,
be necessary to see what the landscape architect is
driving at -~ when the trees and shrubs have grown up.
To teke just one example: 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
colour and texture, plus some 'nounding' 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
aesthetic, as well as the technical, vpoint of view."

[

/

‘/ This then, so far as one can discover are the only.official

st;tements on the landscaping of the Boirds electricity substations.
Although these two statements indicate that the Board is

concerned with landscaping, they appear rather in the guise of good
public relations and seem to express what they think the nublic wants
to hear 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 zspect of its responsibilities
pight incline one to think that it is something that the Engineers of
the Board would prefer to relagate to a minor and insignificant role.
If the indicaéions are that the Boards senior Ingineers are more
concerned with engineering thnan amenity it may be worthwhile to.examine
how the Landscape Architects engeged upon this work see thé problem
in visual terms, and their desipgn vhilosophy for solving it.

11.4 The Board's lendscaping design philosophy

The engineering of all the primary grid substations in IEngland
and Wales is carried out by a Transmission Project Group of the Generating

Board whose offices are at Guildford in Surrey. (8)
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On the staff of this Group is a small team of Landscape Architects
wvhose specific task is the landscaping of these substztions. (7) In
1963 one of them read a peper to the Institute of Landscape Architects,
(8) and it is mainly om the basis of this that cne has been able to
examine how they deal with this problen.

Perhaps one should first consider what the problem is, at least
from thé Landscape Architects point of view. How is a substation likely
to offend ageinst existing amenities? In the broadest terms, in twb Ways,
Fir§tly by presenting a discordznt appsarance, a complex of radiating
trahsmission lines creating a concatenation of wires, punctuated with
electrical equipment and structures; and secondly by noise - from
transformers or air blast circuit breakérs. An assessment of public
~ opinion expressed in the press and at public enquiries, together with
the type of conditions imposed by Planning Authorities on substation
development, leads to the conclusion that, at present, concealment is
the preferred treatment for substations.

On this type of_treatment Lord Holford, the part-time member of
the Board for amenity, sounded a warning note, he said (9) there is
a 'Shoot-the~pianist' school of criticism which holds that the objects
themselves are hideous and inhuman, that no one should pretend they can
be made to cogform to the humanist principles of architectural and land-
scape design, and that the only solution is to bury all turbines and
reactors, all switchgear and cables underground. He thought that éhis
attitude would be disastrous. It would lower the standard of appearaiice
of 2ll new development, without any compensation in the shape qf naster-
pieces of our own age to set heside those of the past. However, despite
this warning from Lord Holford, it iz unlikely in the foreseeable future
that substations and transmission towers will be regarded by the public as
such constructions of beauty, that they emhance the location in vhich they

are situated.
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A 400 kV substation will require a site nearly 400 yards
long by 220 yards wide which is, approximately 20 acres. This is the
net area, the whole of which, except for a 160f strip for a tower |
reserve along cne side, would be enclosed by a security fence, and
occupied by electrical equibment supported on concrete or steel structures,
the largest of which is a 'goal post! frame about 70 feet high. The
terminal towers for this substation would be about 164 feet high. If
the substztion is both transforming as well as switching a 275 %V
compound requiring a net area of about seven acres would be constructed
'aléngside. The tall 'goal post' structures at this voltage are 51
feet high and the terminal towers about 136 feet highs. The 132 kV
substation by comparison is muéh smaller, only requiring a net area
of about three acrés, the tallest structures being 33 feet and the
towvers about 89 feet high. One can readily appreciate that this complex
of electrical and civil engineering at this lérge scale would not.be an
easy problem to solve in landscape terms.

A landscape scheme for such a substation evolves from
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.

His function is a dual one and he approaches the problem firstly, as

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 the topographical factors such as the size and shape of the site, and
its relationship to surrounding land, the climatic and geological facfors.
such as temperaturé, wind, soil, aspect and moisture conditions, and

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 about a landscaping scheme for a substotion, he first makes a
¢careful study of fhe sites He would note particularly the contours and
levels, in order to consider the finished substation level, alsd any
gradients, the amount of cut and fill required and the quantity of
material available for ground shaping. He would presumably examine
the top soil and subsoil, its acidity and alkalinity, its fertility and
crumb structure in order to assess what plants will grow. He would
note the existing vegetation, so as to assess what trees are worth

e7;ining or capable of being transplanted, and see what plants are
thriving in order to determine the species for new planting. He

would also consider the aspact and pros;ect, to assess those viewpoints
vhich are particularly vulnerable and where screening is nrecessary.

The Board!'s Landscape Architect says that he then designs his
landscape scheme to achieve four main objectives:-

Firstly, he attempts to integrate the substation into the
existing land form and landscape pattern. For this he may propose
ground modelling, so that the levels of the substation will appear to
flow naturally into the existing contours, and also tree planting in
hedéerows aropnd the substation and radiating from it. He may
recommend 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-operational areas be surfaced with
grass or ground cover shrubs to break up the floor pattern of the
substation.

Secondly, to break up the hard silhouette of the structures
and associated electrical eguipment. To achieve this he may propose
general tree planting, and recommend 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 far as
practicable from 211 public viewpoints. He endeavours to do this by
the Jonstrucéion of eaxrth banks adjoining roads, and points of public

accéss, and the reinforceing of existing hedgerows, with general tree
and‘ﬂedgerow planting, in carsfully selected positions.

To create a more human enviromment within the substatioﬁ
becomes his final objective. He hopes to do this by providing lawms,
dnd the planting of ornamental trees and shrubs, the use of patterned
raving, flower boxes, bollards, and attention to detail of other hard.
s?rface areas. It would appear from a study of those landscaping
scLemes carried out by the Board that the Landscape Architect also
cbnsiders three different areas of land associated with the substation,
each of which usually requires a different form of treafment.

The first category is land required for tree planting tﬁat
does not form part of the substation and which is not owmed by thé
Board. This may conveniently be described as off-site planting and
may arise for several reasons, for example at the request of the
former owmer of the land of the substation site for other land in his
ownership; All off-site planting undertzken by the Board would be
with the willing co-operation of the landowrer, and under these
circumstances the proposed planting may have to be modified to meet
the landowner's wishes.

The second category consists of the area between the boundary
of the land the Board owmns 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 substation may require to be terraced.
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The disposal of any surplus material and the design of the banks and

slopes would have been carefully worked out with the Board's Civil Engineer
to achieve the maximum landscape advantage. It is noted that plénting

is generally of irregular groups éf indigenous trees and shrubs. Formal

and exotic planting seems to be avoided, presumably because it would

tend to attract attention to the engineering intrusion into the

landscape and merely emphasise its presence. Apparently there is no
restriction upon the positioning and type of tree that may be planted
djoining the substation compound, except that generally five foot clear space
[zs/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 than six inches are avoided; 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. Although it
is thought unlikely that a similar incident may recur, the Boards engineers
with perhaps an excess of caution are not willing to take the risk. It

is not known however how rigidly this objection to six inch 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 rcots of the trees, or to
safeguard the future of the trees, as cables may have to be excavated

at somefime 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 conductor.
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The third category of land considered for zmenity treatment is
.-  ocgupied-by,structures and electrical. equipment; the'ground»suffa¢e
being uSually gravel, shingle or stone chipéings. The Landscape
Architect recommends that tpis hard surface should be kept to a minimum
and a local material used provided that it is fairiy dark in COlour,ﬂ>
(11) Yo planting is done around the electrical equipment; There aﬁe also
some small areas of land adjoining roads, plant and cénfrol buildﬂngs,
i

éhd in these situations some limited planting of small trees and éhrubs
ihasﬂbeén seen but the opportunities appear to be very restricted.
o The Boérd‘s Landscape Architect works principally in the two
ﬁedia of ground modelling and plants. ?hé niodelling of the soii surface
béihg an impbrfant part of his design. Of the two materials, land:and
vegetétion, land bdmes first so far as construction is concerned, though
'in'thé‘dgsién they are cénsidered'in their relation to each other; Plan£s
and grouﬂd forms .are complementary aspeéts of one sculptural whole -
neither alone can give the best results, and in ?laﬂnipg.the banks and
levels, and all the unduiatiOns of the ground the landscape designer
-visuéii2d§these together.with the trees an@‘shrubs which will clothé them.

Tﬁe Landscape Architect says that in preparing his desig# he
endea§OurS'téiobtain shaIiOW‘slopesf Flattened slopes, rounded of#'at
.-shouldgrs énd toes can be made less obvious, and smooth the substa%ion»
into the countryside, by‘générally helping to minimise the scarring
éfféct of the construction. Gang mowers and other grazss cutting equipmenf
'éannot;usuéllyfbe operated on élqpes Steépér'than 1 in 3, so that #he
extra cost of acquiring extra iand,mighi be offset in the long funvby
'savings in" the maintenance costs; A flattened slope is preferfed‘$o
that any surplus land may be returned‘to beneficial agficultural qge,
but from GFSérvafion~it‘éeems that the restrictions of the site ofgen

- prelude the possibility of ‘this happening.
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The Board's Landscspe Architect has said (12) that he considers
the use of plants in two ways: for a specific purpose, ant then the
species appropriate tc achieve that purpose. The purpose of planting
is a part of the basic structure of the design, for screening, to
focalise the view or angle of vision, to prevent soil erosion, to
stabilise banks, as wind breaks, and possibl& in some small .degree to
absorb noise. In nature, or-in an agricultural landscape, plants are
usually massed in large groups of 21l ore kind, or composed of a fairly
limited associgtion. The shapes of such natural groups are highly
variable according to circumstances of function, topography, and
climate, and are for that vefy reason interesting shapes. The same
system, applied in conscious design, gives the best results, and although
it may limit the number of species used, it makes for a more satisfactory
landscape scheme that a mere collection of horticultural specimens.

To summarise, the Board's Landscape Architect deals with

each new substation in five phasesi-

1. An assessment of the landscape. and a decision on the
relationship to it of the mnew structures.

2. An overall plan, firm in concept, yet flexible in detail

. showing the principles tq attain this relationship. This

forms a framework to which any amendments are feferred.

3, A continuing watching brief, during the whole of the
planning and civil and elgctrical construction periods.

L., The final landscape plan for execution waen the work is
completed, or final pians for such parfs of thw worxk as
can be executed from time to time.

Se Arrangements for maintenance.
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If landscoping for a substation is reguired, it is in effect,
en admission that the perfect site from a visual point of view has not
been selected. As perfection is unobtainable, every site requires some
landscaping, to a greater or lesser degree. 'hen the Board refers to
landscaping in this context it is used in the widest sense to include
ground modelling, aund bold tree and shrub planting, designed with a
sensitive feeling for the existing land form and indigenous plant
growth, in order to mould the substation into the landscape and to create
kheﬁvisual effect of forming part of it rather than an intrusioq. The
Bo%rd's Landscape Architect's guiding principle for landscape design
fof 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 consciousl& aware either of the existence of a substation or that
any landscaping has been done.

11.5 Landscaping of Overhead Lines

So far the emphasis of this chapter has been'on the landscaping
of substations, and indeed the greater part of the Board's landscaping
effort and resources concerned with transmission is directed to this
.purpose. The overhead line network of the supergrid is however, far
more conspicuous and extensive than éubstations 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 local paper, but sometimes by a local authority (14) that trees should

be planted to screen transmission towers.
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) Typlcal of these sug ggestions is one recentlj noti ced'in a national paper
“vhich ﬁsked:a

! "Jhy can't trees of various types be planted at a suitable
! distance either side of the pylons? In years to come we would
! have a glorious forest-like belt winding through our
| country51de, and who could object to so beautlful a camouflage?

When the suggestion is first considered it-seems absurd to

expect a 6 ft. high slender whip of a treé to.screen a 164 ft; high steel
1att1ce tower, but on further 1‘eflectlon one may think the suggestlon

justifies closer examinaticn-
. _ , :

A:Lgﬂdscape Architect considering this‘problgm wou;d not be-
1¥¥é1y,to plant a tree to screen a towe{, but would probably plantptrées
té diffuse or obscure a view fram any particular position. For inétance
a'6 ft. high hedge alongside a road may entirely screen the view from
: EEéVeIIErs;E;ﬁHéré:aré'many:inéiances of a large tower sifed on” the
bend of a fbad, which becomes the focus of the view from both diréctions«
A g%oup'of half a dbzen_semigmature trees-about.Bd ft. high strategically
planted;-ﬁould be sﬁfficient to diffuse the siihouette of the structure of
a steel 1at§i¢evtoﬁer.with-tﬁe twigs of the.trees; and -at the same' time
'provi&é a better substitute for the focus of attentién. MHany more examples
could pg used to mitiééte fhs worst visual effect of a transmission vowers
It seems that at the moment the Board coﬁsiders only two
possibilities, eithér to construct a line ovefhead or by undergrcund cable.
'éenerally{speaking if the.line is aﬁproved_for cverhead construction,
"déépiié some objection, the work proceeds on this basis with_the attitude
éhat the ﬁisual effect of the. proposed line had been thoroughly considered
whén'detérmiﬁing:thé.rduté and that any resulting detriment te ameﬁity.is
.the price t6 be paid for the berefit that eléctricity brings.. It is not
Suggesfeé'thét iandScaping is any substitufe for poor line routing not.

that it affects the ba51c issue of overhead versus und ergroﬁndb
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. It is simply a case that when the Bosrd resolutely decides against
undergrounding, or where a Local Planning Authority reluctantly gives its
consent to an overhead line it is offered some small consolation to know
that the Bozrd would be prepared to take some active steps by landscaping
to soften fhe 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 out, the landscape architect should make a careful analysis
/ / of the visual effect of each tower from all public and such private
/ viewpoints as he may gain access. This analysis would include
P both the immediate environs of, the tower as well as its effect
in the distant view.

2. This analysis could be annotated on to ordnance sheets at a
scale of 1:2500 and by plotting the levels and contours, sections
could be drawn to show the line of visual cut off from selected
positions to the tocwers. ) '

3. With this data a further inspecticn of the terrain should be
made to consider where the most effective planting could be
carried out, bearing in mind land ownerships and the effect any
planting may have on agriculture and road safetye.

4, From this information a schedule of tree species, number and

height could be prepared and estimates of cost obtained.

nreliminary study the

-

It would be expected that from this
Landscape Architect would recommend the planting of a single or group of
large trees to screen a particularly conspicuous tower sited on a vend in
a road. Roadside and verge planting and reinforcing of hedgerows, as well
as some limited planting in private properties to screen a conspicuous

tower from one of the principzl rooms of dwelling;



327.

In considering the landscape possibilities of screening an
overhead line it becomes apparsnt that there are certain legal iﬁplications
eand interpretations that arise. There seems to be four main issues:-

Firstly, and as mentioned earlier under the provisions of the
Electricity Act and the Countryside Act the Board has a statutory
obligation to have regard to amenity, and this it may do in proposing the
route that incurs the least injury to amenity even though it may be more
expensive. It may be argued that their obligation does not end there,
and’ that the additional expense for tree screening could well be interpreted as
COmEng within fhe neaning of the Acts. The Acts do not refer to
ownership of the amenity affected, but to the preservation of natural
beauty and amenity in general. The Board dces not appear to dispute the
request to scrcen its substations or.generating stations, and therefore it
would seem reasonable to apply the same principle to an overhead line.

The second legal consideration is that a lgpdscaping condition
on a planning consent is only enforceable if it refers to land in the a
applicant ownership. The Board generally does not own the land on which
towers are sited, and therefore a ~'landscaped' line is not appropriate to
a planning condition, and any attempt to do so would be ultra ﬁires.

The third legal‘aspect concerns the Board's powers to plant
trees. So fzr as can be discovered there is no impediment to the Board
planting trées on somebody else's land subject, of course, to the
landovmers agreement. (15) |

The‘fourth legal consideration that may influence the Board's
officers when contemplating tree planting to screen an overhead line is
the provision under various statutes of the powers that Local Authorities

have to plant trees. (16)
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If the Local Authority elects to plant trees within its area to screen
an overhead line, there seems to be no reason why if could not do so at
its own cost. However if the request was made to the Board it is not
thought that the Board would not be under any legal impediment which
would pr:vent them reimbursing the cost. The Board is reported to have
said that money is available for limited schemes of this nature. (17)

What is the Board's attitude to the suggestion of a landscaped
line? So far as one has been able to discover from printed sources they

aje not expressed any, but it is considered that one could form a

[t“azj.rly accurate opinion on what they might be. (18) The probable cost
’offlandscaping a line could be about 533500 a mile. A LOO kV overhead
line costs £65,000 per mile and to landscape it would add about 4% to
the cost. At the present time of severe restraint in capital
expenditure one would expect the Board to resist this extra cost.

If a policy of landscaping lines became widely adopted the
Board may feel aporehensive that it.would be swamped with requests to
carry out tree planting in every garden in Ingland and WVales from which
a tower may be seen. It may be di%ficult to refuse eny bone fide case
once £he policy became universally accepted, and the financiallliability
for tree planting of existing lines may become quite considerable. To
landscape a line would reguire hundreds, possibly thousands of small
groups of trees, scattered over a wide band of country. To conduct
negotiations and obtain agreement with so many landcwners, would present
‘a major problem of administration, and more staff to do this uork,

If Local Authorities exercised their compulsory powers to plant
trees to screen a line against an unwilling landowner, 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 case.

Similarly the Board is not likely to encourage Local Authorities
to make Tree Preservation Urders on existing trees that acreen a line.

A T.P.O, is ﬁormally made if trees are likely to be felléd, and the
Board would not wish a T.P.0. to be made against an unwilling landovmer.

Of the eight and a half thousand miles of iine operated, and
ovq% forty-nine thousand towers maintained by the Board there is only
6n; instance on record of the Board offering, instead of being asked to
plant trees to screen a line (19). This was the case of the 400 kV
line from Cowley near Oxford to Fleet in Hampshire 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 planting.

There are also believed 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. It is
'thought that these exceptions would have resulted from a request by the
1andowner as part of the negotiations for the wayleave. It is possible
that there may al;o 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
an_obligation by the Board, for the benefit of a person who has objected
strongly and vehemently enough to force the Board'!s attention to the
cause of complaint, It has not been possible to find any published
references to tree planting for this purpose, possibly because the
Board would not wish to inqgease the number of such recuesis which would

simply make its job of wayleaving and constructing overhead lines that

more difficult.



330.

A instance which may help to show the possible attitude of local
authorities towards a landscaped liné'occurred when the Board had extended
discussions with Horsham Rural District Council on their suggestion that
the Board should carry out tree planting to screen that part of the 400 kV
overhead line from Bolney to Lovedean that passes through the Rural 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

‘ officers for groups of trees to be planted near the roadside

! areas to which the public have recourse, so as to screen
the long end-on views of pylons, wihich were particularly
obtrusive, the Board stated that 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 pubdlic monies on such a project.
Indeed, they did state that there were no such well-known
views or vistas along the section of the route in this
Rural District and my Council were not able to persuade
them otherwiseo.

Another factor was the difficulty in obtaining some
security of tenure over the land on which the trees were to
be planted and the making of satisfactoery arrangements for
their maintenance and upkeep so that they became properly
established. The Board did make the point that they had
spent a considerable “amount of money on amenity provision
and indeed six million pounds had been spent by the Board
during the year ending larch 1967, along their main pylon
routes throughout the country.

-One of the major considerations 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 conductors themselves z2nd it was
unlikely that their co-cperation would be forthcoming to
allow further work to be done in ihe matter of landscaping. .
However, this does not mean, of course, that landowners

will not themselves seek to carry out long-term tree-
planting if they so desire, but nothing is being foisted upon
them officiaily, as it were, and neither are orders being
made for the preservation of existing woodland or groups of
trees, which help to screem the pylons, which would have
been a corollary to any further tree-plamting.”
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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'ls
towers, or even thoce in protected areas of landscape of National Purks,

i :
Areas' of Outstanding National Beauty and Areas of Special Scientific

|
Interest. However, there are some situations of exceptional significance

!
where the Board should at least be prepared to offer to carry out
plantiﬂg to screen particularly obtrusive towers, for example; in the
setting of 2 buildiﬁg listed as being of historical or architectural
fnterest, or ancient monuments open to the public. Similarly,'at well
known much frequented beauty spots, or those that enjoy broad panoramic
viﬁws of unspoilt country, or in situations where the towers overshadov,
and destroy the scale and setting of a -particularly attracfive village
or group‘of dwellings. Many more situations of similar guality will
eome to mind, but there is no doubt that skilful and sensitive tree
.planting could greatly reduce the visual impact of towers in thesé
situations. One would wisch that the Board would be prepared to make a
policy statenent of its willingness to carry out tree planting for screen-
ing in such similar circumstances and also to put forward the idea of a
'Jandscaped line' as a third alternative in the overhead versus underground

controversy.

11.6 The Board's Landscapings Commitment

This chapter has so far considered why the Board is obliged
to carry out landscaping, end has also attempted 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
forn some assessment of what this means in terms of total acreage and
cost.~

From a study of the Board's transmission system it has been
calculated that there are about 125 existing and proposed primary
400/275 kV substation sites in England and Wales. Of this nudber it is
estimated that aboué 110 would be landscaped as a condition imposed upon the
Board by the Local Planning Authorities. A sample selection of two dozen
éites sugpests that on average about 20 acres of land would be used for
;léhdscaping at each substation site. This would represent a total
lagdscaped area of avout 2,200 acres, in hundreds of relatively small
parcels of a couple of acres of mainly grassiland and woodland throughout
the whole of England and Wales.

An attempt has been made to find out the actual and estimated
cost to the Board for landscaping its substation sites, but the information
is not readily available. Appendix H lists all the published references
to substation landscaping one has ﬁeen able to find in respect of only
twenty two sites. In only seven cases were the total cost of landscaping

given, as follows:-

Birkennezd £23%,000
Bredbury £32,000
Burton Green £80,000
Oldbury £100,000
Penvortham £50,000
South Bucks £25,000
lymondley £100,000

The average landscaping cost of these seven sites is approximaﬁely
£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 2.5 and less than 1
of the total cost of a scheme. It has been reported that during the period

1963-67 the Board spent £250,000 on substation landscaping (21), and for

the five years between 1963-68 this expenditure for the placing of landscape

contracts had increased to nearly £400,000 (22)
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It is not stzated how many substation sites or schemes this represents, but
on the basis of the given estimated total expenditure on landscaping one might
expect about 33 schemes to have been completed.

. It has also been stated 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 be
in the order of £12,000. Later in this chapter am attcmpt will be made
to assess how for this expenditure on these schemes has achieved its
pbjéctive, but it is now intended to examine the Board's published
proposals for future landscaping schemes and to consider whether they make
a positive contribution to amenity and the effect if any they may have on
land use.

11.7 Evidence of landscape prorosals given at public inquiries

From time to time the Board is faced with a public inquiry, as a
result of objection to a proposed substation and at these inquiries it
is usual for the Board to produce their landscape proposals for thé
appéal site and to call their Lzndscape Architcct to explain the scheme
and to be cross examined.

It would be reasonable to assume that the evidence given by a
Board witness at 2 public inquiry is the policy of the Board which he represents
The landscaping proposals he puts forward must similarly be regarded
as the extent of landscaping which the Board regards as appropriate and
reasonable in any specific case, to meet its statutory requirement to pay
due regsrd to amenity. It is proposed to extract thé relevant evidence
from fhree recent public inquiries, in order to gain a better understanding

of how the Board meets this obligation.
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Landscaping for Wymondley Substation

The site of this proposed sub%tation shown on the -accompanying
map,‘is situated near the village of YWymondley two miles south of Hitchin:
in Heéthrdshire. It was near to this pleasant village that the Board
wisheé_to establish z major 40O kV substation as part of its plan to

i
proviae electrical reinforcement tc the London arszsz.

The site was situated in the extended Metropolitan Green Belt
and partly bvecause of this, and its prokimity to the village it aroused
considerable local opposition and a public inguiry was heid. (24)

This receijed not only considerable local but also national press coverage
aﬁd the high cost of the Board's landscaping proposals became one of the
méin points that received considerable ¢omment. (25)

The Board's landscape witness said that the Bozrd had a
sfatutory obligation to pay regard to amenity and was therefore willing
to spend money to achieve a satisfactory solution to the problem of
siting this lerge engineering development in a rural srea. The Board
_proposed to lower the substationlfloor as much as possible, and to use the .
excavated mﬁte;ial-to form screening banks. It vas éxpec£éd that over
600,000 cubic yards of material would be moved in this operation. The
total éqst of the ground modelling and landscaping would be about £100,000.
Thié included’ for planting aﬁout i,OOO trees and 9,000 hedgerow plants.

In order to show these lendscaping proposals in detail a model
had been prepared By the Board which was exhibited at the inquify..
Drawings vere also handed to onectors and the incpector, a copy of which
is included in drawing no. 6. As an observer at this inquiry one ceme
away with the impression that eveﬁ the objectors had to reluctantly
acknowledge that, although they still vigorously opposed the suﬁs,ation, the

proposed landscaping if carried out would effectively screen the substations

from most viewpoints.
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The Minister of Housing and Local Government rejected this appeal
and at a subsequent hearing (26) for an alternative site at Botany Bay
near Weston in Hertforshire the Board's landscaye witness said that the
landscaping of this alternative site would cost £65,000. (27) As in the
formef case the landséaping proposals were illustrated by a model and
dravings, and the effectiveness of the screening seenms-to have depended
upon careful siting between existing woodlands, and linking them with new
planting, rather that by extensive earth moving. Thisbis illustrated in
the accompanying photograpn and draving no. 7.

Tﬁe Minister subsequently aporoved the original site at
w;Londley, and in his report (28) said that the loss of visual amenity
vould 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 Warwickshire and is the Coven£ry
Green Belt. Because of strong local opposition tﬁe Minister of Power
and the Minister of Housing and Local Government held a joint inguiry. (z0)

The landscepe witness for the Board said that.the Board was
anxious to minimise the visual affect of a substation on this site, and
with this objective in mind he'had prepared a lzndscaping scheme. He said
‘that the object of the landscaping scheme was not necessarily to ensure
thaf no part of the substation could ever be seen from any possible
viewpoint, but rather to take advantage of the existing contours and shape
them so that augmented with judicious indigenous planting, the substation
would "fit into" the landscape; The Landscape Architect drew atfention
to a landscape model of the site that he had had made to illustrate his

proposals, and he also handed in to the Inspector and had circulated to

the public a plan of his landscape scheme.
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This plan is included as Drawing No. 8. 1In explaining.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 teen designed to flow into the

existing contours in order to give as natural an appearance as possible.

The nmounds would be grassed and planted with indigenous trees and shrubs,

|

and the tree groups would be carried over the top of the mounds to give
an interesting skyline and to achieve the maximum screening effect. Along
the cart track on the northern boundary of the site all existing trees
an hedges which did not interfere with line clearances would be retained
aﬁa reinforced. In order to obtain the maximum screening to Hodgett's
Lane on the east énd of the site the substation compounds were moved as
far as practicable towards the railway line, nevertheless some tree
planting was proposed along this boundary to reinforce the existing tree
screen between the railway and Hob Lane. To complete the screening of

the site a wide block of trees were proposed along the south east boundary.

With 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 Ee substantially concealed with ground modelling
and tree planting. The car park would also be screened from the éntrance
by a wide island of grass, on which it was hoped to retain the existing
trees, and to reinforce them with new shrub and tree planting. The
Board was also prepared to include some semi-mature trees in its
léndscaping scheme, ir carefully selected positions where an immediate
and substantial tree screen was required.

In referring to the phasing of the scheme the landscape architect
sa2id that the Board was prepared to carry out zll the ground modelling as

part of the main civil worke 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
soon after the completion of the earth moving operations, and thus the
main visual efféct of the development would be hidder whilst the construction
and installation of equipment continued. He intended to carry out the
tree planting during the first planting season following the completion
of the civil ard electrical works. A survey of all existing trees on
the site would be made, and all trees worth retzining would be moved to
mew and permanent positions on the site before the start of the main
‘ciyil works. The Boér@ were anxious to ensure that only the minimum area
of land was taken out of beneficial agricultural use,; and with this in
mind the landscaping scheme.would provide where possible, suitable areas
for grazing and the Board wculd endeavour to find a tenant for these
areas.

The witness then went on to explzin that he was not able to
deternmine with absolute certainty the extent to which the proposed
substaﬁion would be seen from any dwelling without entering, but
that he had formed a judgement by careful study of the topography,
vegetation and location of each property. He then gave his Opinion how
the nearby dwellings would be likely to be affected, and how the
landscaping scheme had been designed to take this into account.

During the course of the inquiry reference was made to a critism
made by the Varwichshire Branch of the C.P.R.Z. to the Minister of Power
of the Board's failure to carry out landscaping when they wfote:-

"In the Midlands area no real efforts have been made by
the C.E.G.3. in the past to landsczpe installations to

minimnise the effects of such stations on the surrcunding
area»s,“...‘i."b....." .
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In rebutting this statement the Board's Landscape Architect said
-.that every primary grid substation in the Midlands had a landscaping
condition imposed in the grant of consent. The Board had, or was in the
process of complying with these conditions, and had recently completed
landscaping at Coventry and Kitwell substations, and were currently
engaged on schemes at Yillington, Enderby and Bustleholme. Plans were
also in preparation for three more substations.

The witness was not hard pressed under cross examination but
2 few questions were put by objectors mainly to obtain confirmation of
:th4IBoard‘s proposals.is so far as it affected their property. The
geﬁeral feeling seemed to be that if the substation had to go there,
then the proposed landscaping appeared fair 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 Government inspector in his
feport found as a matter of fact:-

"eeseambitious landscaping proposals which would go faf
to screen it fully at normal eye-level are an integral part
of the intended development."”

The inspector appointed by the Minister of Power in his conclusions
wrote:-~ (32) -

"Of the residents in the area, I was satisfied that the
Board's proposals for landscaping were such that their
amenities would not be unduly affected and consequently there
would be no appreciable 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
reasonably be assumed that the extent of landscaping the Board probosed
meets the standard required by the Ministry, which.one may consider as
the final arbiter of what paying due regard to amenity means in practicai

terms for a specific site. _ /Landscaping
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Landscaping for South Bucks Substation

Mop end is a small hamlet of half a dozen houses, situated about
one aqﬁ half miles due west of Amersham. It was close to this hamlet
that ﬁhe Board wished to construct a major 400 kV substation, The
propoéed site was situated in the recently confirmed Chiltern Area of
Outstanding Natural Beauty and as might be expected was subjected to
considerable objection, and therefore became the subject of a Ministerial
public inquiry. (34)

Fqllowing evidence on the electrical and civil engineering aspects
of,the sch;me the Boards Landscape Architect handed in drawings of his
pébposals for this site one of which is'included as Drawing 9. . He
explained that the proposed substation site had been carefully positioned
to take advantage 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 possible viewpoint,
but rather to take advantage of the existing contours and shape them so
that augmented 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‘background of trees, and he contended that on this
account they would not be obtrusive. He did however agree under cross
examination that the terminal towers would be conspicuous, and that the
landscaping proposed would do little if anything to screen them.

The landscape witness went on to say that he estimated the cost
of landscape.works involving tree and shrub planting, seeding and other
horticultural operations would cost approximately £25,000. He also
offered to carry out tree and shrub planting on private property at the

request of the.owner if it genuinely helped to screen a view of the

substation.
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The witness was quickly taken up on this point =nd it was suggested
that thousands of people living nearby at Amersham would be asking

to have trees planted in their gardens. The witress replied that he
would be happy to oblige in any bone fide case, but his experience was
that not very many people would take up this offer. The witness also
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
temporarj positions whilst construction was in progress, and then
replant them in permanent positions to screen the substation. lMuch
’do?bt was roised by the objectors whether this operation would be
successful and it was stated by an expert witness for the objectors
that the majority of these semi-mature trees would not survive transplanting.
The Board's witness under cross examination said that since 1962 he had
been responsible for moving about 700 semi-mature trees between 20

to 40 ft. high of which 90% had survived. The Board had also planted
over half a million trzes and shrubs, and spent over a querter of a
million pounds on landscaping schemes for similar substation sites.

It is of interest to find out what effect this evidence had
upon the Ministry of Power Inspector. A reading of his report indicates
that he accepted the Board's contention that the site was naturally well
screened and that the proposed landscaping wculd be sufficient to make the
substation visually acceptable. To quote his own words:-

"In my opinion the layout of the proposed substation at
Mop End with its naturally well-wooded surrounding is such
that the structures of the substation should be well
hidden from gensrel view. Given proper and sufficient
landscape treatment, it should be sufficiently well
screened, except frcm certzin very lccal and limited

view points, to make 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 landsceping 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
decision is still awaited.

This brief ?eview of the landscaping evidence presented by the
Board at three recent public inquiries shows that whegn hard pressed the
Board is prepared to carry out very substantial landscaping schemes.
It is however a matter of speculation whether the landscaping proposed
by the Board for any specific site would be the same whether there was public
objection to the development or not. There is not sufficient evidence
to/éubstantiate the frequgntly voiced opinion that the greater the
opﬁosition to the Board's proposals, the greater is the landscaping effort.
Certainly the instances quoted represent very substantial and costly
landscaping, but of the sites one may see around the country, very fev
appear to come anywhere near the comprehensive schemes put forward at
public inquiries.

11.8 Criticel Assessment of Landscaping Schemes Carried Ont

Occasionally the RBoard publishes details and illustrations of
some of the landscaping schemes that héve 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 any
critical assessment is to be made.

One of the first major landscaping schemes which included
extensive earth moving was at Kitwell substztion on the south west side
of Birmingham. So far as is khown, prior to this scheme in 1963, earth
moving, shaping and ground modelling had not been seriously considered as
a means of-screening substations. In this case however the site immediately
adjoined an housing estate, a proposed public open space, near to the

projected M5 motorway and was partly within the Warwickshire Green Belt.
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The two local authorities; Eirmingham City Council and Warwickshire County
Council were particularly concerned of the visual effect of such a substation
in this situation. There is 1little doubt that the local authorities
insisted that the Board should undertzke extensive landscaping before they
were prepared to approve the site. Drawing no. 10 shows the landscape
schene (36) as implemented, and is illustrated by the accompanying
pootograph (37).

From a recent visit to this site one cannot help but be impressed
fy the extent of the grand modelling and how effective it is in screening
;th#é substation. As far as one has been able to find out no costs for

/
the amenity treatment and landscaping of this site has yet been published,

but a quick estimate would indicate that it would be in the order of tens
of thousands of pounds.

Since the Kitwell scheme in 1963 the Board has adopted major
ground modelling as a method of quick and permanent screening on at least
thirteen sites (38). From a visit to these sites it is thought that not
in every case was the ground modelling motivated by a desire to provide
screening, but sometimes as a convenient.way to dispose of surplus material
resulting from the formation of a level substation zrea. It would seem
particularly apparent in those instances when the amount of mﬁterial
desposited has not been shzoped sympathetically to flow into the existing
land form and appesrs rather obviously as an earth bank. If the Board
has surplus material to dispose of, it is more economical to purchase
a few acres of agricultural 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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The following series of photographs of substations at Bolrey,
Coventry, Hurst, Lovedean, ond Ninfield, illustrate the different ways
|
in which grand modelling 2nd ezrth shaping, with and without tree planting

}
can form an important part of the landscaping of a eite.

1 .
' The principle means of screening a substation is by tree planting, and

every substation . site landscaped had been extensively planted with trees.
Occasionally semi-mature trees had been planted, but it sezms thatlthe
adventages hoped for by using larger trees were frequently frustrated by
losses caused by lack of zttention to staking, tying, and watering during
the establishment period.

|
1i.9 Landscape Haintenance

It appears that the Board has spent, and is committed to spending
one and a half million pounds over a period of ten years on landscaping
operations ccnsisting mainly of land reinstatement, grass seeding and the
extensive planting of thousands of trees and shrubs (39).lLandscaping, as
any other form of capital equipment, must be maintained promerly if the
capital expended is to be justified and the purpose achieved.

The Landscape Architect designs a scheme having in his mind the
long term effect he wishes to achieve. This result cannot be attained
unless it is properly mainicined in accordance with pood horticultural
and arboricultural practice. It is not expected that the Landscape
Architect would cease to be interested in the growth of his scheme once
fhe contract was finished, but that he should maintain a continuing
interest thereafter. Similarly the person respcnsible for éupervising
landscape maintenance in order to carry out his job effectively must be
avare of the long term design objeciives. Thus those two spheres of
activity must be equél and complementary if the end result is to Be

satisfacfory.
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The Landscape Architect is designing a scheme would be 
mindful of the mammner in which it would require to be maintained, and
in the case of schemes prepared for the screening of substations
economy and ease of maintenance would be major considerations; A
landscape scheme is designed however to meet certain visual amenity
requirements, to screcn certain viewpoints, to provide a background to
a substation to prevent it appearing on the skyline and so ox. Such
a landscape scheme may be limited by the area of land available for
grqhnd modelling, The prinary purpose of a landscape scheme is not -
ttherefore to design it specifically for ease of maintenance, but to
;reate an external environment that is. aesthetically acceptable to
all those using and seeing the substation. The landscape designer is
fully aware of the need for ease of maintenance but the maintenance
requirenients have often to be compromised because of these 6ther cver-
riding considerations. For instancet it is desirable for ezse of
maintenance or in order to return land to agriculture to have screening '
banks at a shallow gradient, and for a given height this will. require
a certain area of land, but if for other reasons, such as an uniyilling
vendor or the possibility of having to meake a Compulsory Purchase Order,
the slopes méy need to be steeper. The increased cost of subsequent
maintenance is the cost penalty the Boérd has to bear because of these
other factors which tend to become forgétten and perhaps is not even known
or appreciated by the public or the person responsible for subsequent

maintenance,
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One should always rememper that from the Board's point of view
the-eiectrical requirements are the most important consideration. There
vould 'be no need for the landscaping if it were not for the substation, and
a Sub%tation is not a once and for all exercise, but is subject to éontinual
alterétion, both to the equivment and the overhead line conpections. Any
landscape designer should always bear in mind that his scheme may be subject
to major alterations at any time. Therefore what is at first conceiveld as
afscheme of minirmum maintenance may over the years turn out to be costly
in mainten%nce because of the alterations necessitated by the changed
e%ectrical requirements., For example, a double circuit 400 kV cable laid
will cost something about £500 per yardy and any potential saving in
léndscape raintenance costs would be absurd if it required any lenéthening
of such a cable. So what often appears on the face of it to be bad landscape
design resulting in costly landscape maintenance i§ generally the result
of over-riding electrical requirements.

As part of this study the general appearance of the Board's
substations was specially observed. In the majority of cases it was
disappointing. HNone of those visited could be described as éxcellent,
one or two achieved the st.ndard one should expect from a respénsible
national auth;rity, the majority were bad, and some were a disgrace to
those re5pons£ble for their care. On every site there were dead or dying
trees, badly stakea or guyed, shrub bordérs overgrovn 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 unfortunate that the only authorative source of information on
the Bozrd's landscaping proposals seem to be given somewhat reluctantly at
public inquiries, and because of this there is z danger that they nay
not be truly representative of the general standard the Board adovts.
To judge the Board by its results seems to indicate at least

to one investigator, that it fails to achieve what it ie statutorily
obliged to do, and says what it is p;epared to do« One might conclude
that the Generating Bouzrd which of its very nature is essentially an
engineering organisation, pays lip service to have regord to amenity,
:bu£ does not really care, nor is prepared to set up the machinery to
lldak after the considerable acreage of'land which it has landscaped at
so great a cost. The Board is failing in this aspect of its statutory
duty and it is incumbent upon the public by representaticn to the Board
and through Parliament to remind it of its responsibility and to be
vigilant to see that the Board carries out its obligation in the spirit

as well as the letter of the law,.
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Burton Grecn Warwickshnire, Canterbury Kent, Chickerell Dorset,y Coventry
Warwickshire, Feckenham Worcestershire, Flect Hampshire, Hurst Kent,
Lovedean Hampshire, Ninfield East Sussex, Oldbury Worcestershire,

' Sputh Manchester Cheshire, and Willington Derbyshire.

39._ Economy in Landscape Maintenance Symposium op. cite



368.

Appendix A

Annual Total Lencsth of Main Transmission Lines in Service

| LOO kV 275 kV 132 kv
Yefr mndine '5252: Percentage gg;z: Percentage izgz: Percentage

March 1949 Nil Nil | Nil Nil 2,699 -

" 50 " " " " 3,753 | +1k.6

" 51 " " " " L,037 | + 7.6

"5 " n " " 5,105 | + 1.7

" 53 " " 41 " a7k | o+ 1.7

1" 54 " " 161 +292.7 Lob96 | + 7.7

3/ " ‘55 " " 325 +101.8 L, 754 + 5.7

on s " " “ueh |+ L2,7 | L350 | - 8

" 57 " " 557 + 20,0 Loboh | + 3,2

" 58 " " 726 + 30.3 4,314 + 7.1

" 59 " " 926 + 27.5 5,050 | + 4.9

" 60 n " 1,316 + 42,1 5,361 |+ 6.2

" 61 " " 1,488 + 13.1 5,734 + 649

" 62 " " 1,687 | -+ 13.4 5,878. 1 + 2.5

" 63 " " 1,852 + 9.8 6,039 + 249

" 6l " " 1,915 + 3.4 6,183 + 24

" 65 " " 2,023 + 5.6 6,492 + 5.0

g 66 203 v 11,997 - 1.3 6,8 | + 5.4

" 67 827 +307, 4 1,975 - 1.1 6,773 - 1.0

" 68 1,296 + 56.7 1,648 - 16.6 6,604 - 12
Notes: l. Figures for route miles.obtained 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 1st 1948 and the earliest national statistics available -
are those for the year ending 3lst 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.

L, | 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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Annual Capital Zxpenditure on Main Transmission in £million

Notes:

Year ending £ million Percentage
March 1949 £11.5 -
50 £15.784 +37.3
51 £24,0 +52,.1
52 £23.0 - 4,2
53 £30.C +30.4
sk £20.0 -33.3
55 £2h,9 +24,5
56 £32.6 +30.9
57 £36,7- +12.6
58 £32.0 -12.8
59 £31.0 - 3.1
€C £35.1 +13,2
61 £31.2 -11.1
62 £h1.2 +32.1
63 £56.7 +37.6
6l £76.4 +354,7
65 £106.1 +38.9
66 £130.9 +23.4k
67 £162.8 +24h .4
68 £151.3 - 7.1

1. Figures of expenditure obtained from the Annual
Reports of the British FElectricity Authority, Central
Electricity Authority, or Central Zlectricity Generating
Board as appropriate.

2. The Electricity Supply industry was nationalised on
April 1lst, 1968 and the national statistics available are
those for the year ending 3lst March, 1949,

5+« This expenditure refers to both grid and supergrid
transmission.

4, Percentage is increase or decrease over previous years
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Progressive annual length of Main Cables in Service

-370.

ané C.E.G.B.

2.

The Electricity Supply industry was nationalised on

April 1lst, 1948 and the earliest national statistics
available are those for the year ending 31lst March, 1949.

Loo kv 275 KV 132 kV

Year Ending Route Circuit Route Circuit Route Circuit
Miles Miles Miles Miles Miles Miles

March 1949 Nil Nil Nil Nil 35.60 Not

available

" 50 " " " " b2,94 | 66.76
;" 51 " " " " 45.251 77.78
w52 " " " " 62.201 101.88

" 53 " " " " §7.16 | 107.98

" 54 " " o " 78.60 | 124,05

" 55 " " " " 86.49 1 138.07
A 56 " " " " 68.86 | 112.86
" o7 " " " n 90.53| 147.50

. 58 " n " " 100.75| 161.98

" 59 " " " " 112.87| 177.76

" 60 " " 1.C5 1.05 | 157.88!1 240.09

" 61 " " 1.71 1.71 175.05| 275.68

" 62 " " 1.71 1.71 2sh. 45t L401,88

" 63 " " 757 13.08 309,96 L489.1k

" 6L " n 12,17 19.36 370,48 581.68

" €5 " " 32.56 47,16 439,121 70C.58

" 66 " " 52462 83,88 512,58} 837.61

" 67 0.20 0.20 62,04 1€9.70 619.9c|1,010.61

" 68 2,40 L,60 | 104,90 177.38 670.61f1,154.20
Notes: 1. - All figures cbtained from Annual Reports of B.E.A., C.E.A.,
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Scale of Rental and Compensation Payments for Towers

|

| The C.E.G.B. shall pay to the grantor:-

/
1. An annual rental for each tower with base dimensions over
concrete at ground level of:

Under 15 ft. x 15 ft 5s.

15 ft. x 15 ft. but under 25 ft. x 25 ft. 9s. 6d.

25 ft. x 25 ft. but under 35 ft. x 35 ft. 12s. 6d.
i 35 ft. x 35 ft. but under 4s ft. x 45 ft. 19s.

45 ft. x 45 ft. and over 25s.
2. Ag compensation in respect of each tower which interferes with
agriculture:
;/ Erected on
i 2.1 For each tower with base dimensions Arable Cultivated
over concrete at ground level-of:- land Grassland
Per annum

Under 8 ft. 6 in. x 8 ft. 6 in. cee  ees 29s. Ss.
8 ft. 6 in. x 8 ft. 6 in. but under

12 ft. 6 in. x 12 ft. 6 ine eev eee  aes 37s. 9s.
12 ft. 6 in. x 12 ft. 6 in. but under

17 ft. 6 in. x 17 ft. 6 in. .eo cee s 47s., 12s.
17 ft. 6 in. x 17 ft. 6 in. but under

22 ft. 6 in. x 22 ft. €& in. ve0  eee  een 63s. 15s.
22 ft, 6 in. » 22 ft. 6 in. but under

30 Tte X 30 fEe  eee see see see eee 80s. 18s.
*30 ft. x 30 ft. but under 35 ft. x 35 ft. 97s. 18s.
25 ft. x 35 ft. but under 40 ft. x 4o ft. 127s. 18s.
Lo ft. x 4O ft. but under 45 ft. x 45 ft. 147s. 21s.
45 ft. x 45 ft. but under 50 ft. x 5C ft. 187s. 21s.
50 ft. x 50 ft. but under 55 ft. x 55 ft. 233s. 27s.
55 ft. x 55 ft. and over e ees e 287s. 27s.

*Payments for towers of 30 ft. x 3D ft. and over have béen settled
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¢) onerate treble
compensation rates shall be paid.
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_ 2.4 When arable land is laid dowm to grass arable rates shall continue
* to be paid for the first two years but thereafter the land shall be treated as
grass land until it is again ploughed. |

2.5 The said sums shall be paid on the ..e.v.ececescccsasaesss in each
year the first payment being proportioned from the date of commencing the
erectipn of the electric line.

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
towers in proper condition on the siad land but not further or otherwise,
namely:- :

P (i) Loss of crops or of the power toc cultivate or use the sites
of the said towers or the land immediately ad301n1nv those
sites.

(i) Interference with the work of cultivation of fields or
meadows whereon the said towers are erected.

|

A (iii) Labour required to keep the sites of the said towers or the
land immediately adjoining the same free from weeds and
undergrovwth.

2.7 If 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. '

kiad lqni-‘;:)m
l - 3FEBI970

A0
“lirgyy
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[16 & 17 Gro.5.] FEleciricity (Supply) [Cm. B1.]
i Act, 1926.

CHAPTER 51.
' An Act to amend the law with respect to the A.D. 19%
supply of electricity.  [15th December 1926.]  —

BE it enacted by the King’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:—

Power to lop 34.—(1) Where any tree or hedge obstructs or
treesand  interferes with the construction, maintenance, or working
hedges ob- f . . o : e I 3¢
strootine Of 81y main transinission line or other electric line which
clectric~  is being constructed or is owned by any authorised under-
lines. takers, or will interfere with the maintenance or working
of such a line, the authorised undertakers may give
notice to the owner or occupier of the land on which the
tree or hedge is growing requiring him to lop or cuf it
so as to prevent the obstruction or interference, subject
to the payvment to him by the authorised undertakers
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 thereof, 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 cccupier of the land
gives such a counter notice as is hereinafter mentioned,
the anthorised undertakers may cause the tree or hedge
to be lopped or cut so as to prevent such obstruction
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 Jand 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, unless the counter notice is withdrawn,
be referred to the Minister of Transport, 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 nctice to any person by whom such counter
notice was given of the commencement of the work as
the order may direct) to cause the tree or hedge to be
lopped or cut so as to prevent such obstruction or inter-
ference as aforesaid, and may determine any gquestion
as to what compensation (if any) and expenses are to be
paid.

(4) The authorised undcrtakers shall issue instruc-
tions to their officers and scrvants with a view to securing
that trees and hedges shall be lopped or cut in a woodman-
like manner and so as to do as little damage as may be
to trees, fences, hedges, and growing crops, and shall
cause the boughs lopped te be removed in accordance
with the directions of the owner or occupier, and shall
make good any damage done to the land.

(5) Any compensation or expenses payable fo the

“owner or occupier by the authorised undertakers under
this section shall be recoverable summarily as a civil
debt.

(6) Where for the purpose of the construction or
maintenance of & transmission line it is necessary to fell
any trees, this section shall apply to the felling of trees
in like manner as it applies to the lopping of. trees.

(7) This section 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 undertalkers,



FIRST COMVISSIONING OF PRIMARY GRID 400 kV AND

275 kV SUBSTATIONS

Appendix F.

1954

1955

1956

1957

1958

1959

.1960

1961

West Meltop

Nil

Elstree

Carrington
Iver

‘tlonk Fryston

Helksham
Rochdale

Skelton Grange |
- Hest Weybridge

Connah's Quay
Fleet

Hams Hall
Harker
Penwortham

Barking
Brinsworth
Bustleholmn
Corby
Elland
Exeter
Feckenham
Finchley
Lovedean
Needham
Northfleet
ilest
Penn
Pyle
Sunden
Taunton
Waltham Cross
‘Whitson '

Keadby
Kirkby
Lackenby’
Norton

d xTpueddy

YA




FIRST COMMISSIONING OF PRIMARY GRID 400 kV AND 275 kV SUBSTATIONS (Zont)

Appendix F. (cont.)

1962 1963 1964 1965 1966 1967 1968 1969
Canterbury Norton Lees Aldwarke Beddington Bramford Bredbury Bradford West
Chessington Cowbridge Bolney Chesterfield |Burwell Cellarhead
Bartmoor Grangetown Capenhurst Enderby Bushbury Creyke Beck
Stalybridge Mill Hill Ealing -Frodsham Cowley Daines
West Boldon Thorpe Marsh Iron Acton Kitwell East Claydon Hawthorn Pitt

Walham Lalehan Osbaldwick Kearsley Legacy

Rye House Macclesfield |[Mannington New Cross

Thurcroft Rainhill Ninfield .Sheffield Cit
Spennymoor Pelham South
St. John's WoodWalpole Manchester
Tottenham Watford Tynemouth
Warley Willesden

Wimbledon

Notes:- 1.
2o

Data abstracted from B.E.A., C.Z.A. and C.E.G.B. Annual Reports and C.E.G.B. Statistical Yearbooks.

Substations adjoining power stations not included in this schedule.

(*pauoy) T X7puaddy

'9L¢
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Appendix G

5 &6 ELz. 2 Electricity-Act, 1957 CH. 48

CHAPTER 48

An Act to provide for the dissolution of the Ceniral Elec-
tricity Authority and the establishment of a Central
Electricity Generating Board and an Electricity Council,
and for the transfer of functions of the said Authority
to that Board 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]

E 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 Generating Board or of any of the Area
Boards (including any such general programme as is mentioned
in subsection (4) of section eight of this Act), the Board in
question, the Electricity Council and the Minister, having regard
to the desirability of preserving natural beauvty, of conserving
flora, fauna ard geological or physiographical features of special
interest, and of protecting buildings and other objects of archi-
tectural or historic interest, shall each take 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.
36
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Appendix H
Countryside Act 1968 CH. 41

ELIZADETH 4

1968 CHAPTER 41

An Act to enlarge the functions of the Commission

established under the National Parks and Access to the
Countryside Act 1949, to confer new powers on local
authorities and other bodies for the conservation and
enhancement of natural beauty and for the benefit 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 196§]

with the advice and consent of the Lords Spicitual and
Temporal, and Commons, ic this present Parliament

EE IT ENACTED by the Queen’s most Excellent Majesty, by and

assembled, and by the autbority of the same, as follows:—

11. In the exercise of their functions relating to land under

any enactment every Minister, government department and
public body shall have rezard to the desirability of conserving
the natural beauty and amerity of the countryside.

318.
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Appendix T

[
|

. . Date of . :
Substation | Location Conoeret S 0.P, Zoning Land Use
1B, Do eS8 | %245 |hite land. dgricultural
Bevon Y] uRTHET -
oAz kY !
MDY FiRK, 105,131 | 23 9.5 | Industrial, berel ict lard
Bimingen | | HROXE® | 2.8 .
754 R ¥ Switch'se
ADRKE 1" 0.5,
W, Riding Yorks. R
25/ KV |
|
ALVERDISCOTT 905,163 | 29,148 |imite lands hgricul tural
Deven ‘ MR 025%2
woh K|
BARKILS, 105,161 | 26.34 |Area for deposit of Haste Materials or Refuse | Derelict land
Essex MRERL | 1941453
775 K Switch'se
BETOIIETON, 90510 | b 153 |Sewage Disposal Haste land,
Loncbn MR, 302655 |
2542 W
BEVSHAL, 1908131 | 2681 |uhite iand Pasture
Harvicks H.R.265755 Proposed Coventry Green Belt.
AR W |
BIRELED, 1005100 | 29.02.8, | Clay working, part light indistrial Worked out brickfield
Ces. HR.2918! /
752 W -
BISIEP'S 4000 08,10 | Z.446 |White lands Woodland
Hores, MR 835683
AR K
BLNEY 190812 | 29.95 |¥hite land. Arable and Pasture
East Sussex WR.239210
WORTSAR K .
BRADFIS) HEST, 1908, % | 27,353 |'hite land. Pasture
W, Riding Yorks. HRONZI | 26,35 |Froposad Groen Belt,
7543 kY 6. .41
BRAILTREE, 008 19 | 7.166 |imite land, drable
Essex HR.TIZT

KOAR W
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. . Date of : :
Substation location SvsertfS D.P, Zoning Land Use
BRAFORD, 18 0.3, 149 25. 941 | Vhite land Arahle and Pasture
Suffolk MRI00L5
WAz K
BRALEY, 1% 0.3, 169 13,165 | Vhite land Yoodland
Han's. HeRo 644599
AR W
|
BEBLRY, 1" 0.5, 101 23, 6.5, | thite land. | Pastre
Ches. MRS Proposed North Cheshire Green Belt.
1A% kY
l “
BRIDGIATER, 1" 0.5, 165 16,1155 | thite land Pasture
Somersat H.R.323358 '
5hR kY
BRIFSOO, 105,161 | 104158 | Indstrial. ' In diswsed part of
Hiddlesex MR366919 13. 459 | Statulory Undortker ~ electricity Poxer Station Site
2R & -. 880
BRINSHIRTH, 1% 0.5, 103 2.340 | thite land In disusad part of
Y. Riding Yorks. HRA34898 6. 780 | Statutory Undertaking - Electriciiy Poser Station site
5Ky 15. 563 | Green Beld
BURIELL, 1% 0.5 135 3. 563 | lhite land, | Arable
Cahs. HR.579572
AR K
BSHBRY, 1* 6.5, 119 3.555 | thite land Pasture and Arable
Staffs. HR922002 2,455 | Proposed Yest Midiands Green Belt
AR KY
BISTLELRM, 17 0.3, 131 16. 851 | thile land Pasture
Staffs, HR.027950 ~
AR W
CRTERARY, 1° 0.5 173 19.180 | thite land Disused wet gravel
Kent. eRe160595 19.11 .69 pits o
L00/275 k¥ 26.1751
CAPERIRT, 1* 0.5, 100 2,243 | Part Yhite land and Part U.KAE.A. Pastre
. Cheshire MR.368790 Projosed Vest Cheshire Gresn Beit. !

AR K .
CARRIIGTON 18 0.5, 10 16, 5.53 | thite land, In distsed part of
Cheshire WR.TL7927 28, 564 | Statutory Undertaking ~ Electricily Porer Station site
L0 kv/rrs Ky ' '
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. Date of . -
y L) i !
Substation chatmn Consenths 0.P. Zoning 1and Use
: ,
CLAREYD, 1% 0.5 10 | 10, 8.8 | thite lard frdble alnd Pasture
Staffs, } WR3RZ | Z1.166 | Proposed borth Staffls Groen Belt
AR
CESSINGTON, 1905170 | 7,340 | thite land Pasture 2nd Hoodland
Surrzy. H.R.159619 Hetropolitan Green Belt
AR W
CHESTERFIALD, 19 05 112 | 18,457 | thite land ’ frable and Fashure
Derbyshire LWL | 19104
R
' .
| chicERaL, 1" 0.8, 178 | 30,08 |Vhits land Pasture
Dorset WRE56806 | 264066
AR M) 8. 6.6
- CILFYWYD, ' 1905 1% | 26,445 | Vhite land - | Poor Pasture
Glan. K.R.100938
L0/ 3 kY
- OORBY, 11708,
Hortrts, 1 KR
AR K
CC¥BITRY, 10512 | 28.38 |thite ind : Refuse tip
Yarwids, | HR3G83 | 27,75 '
543 W |
CORRIEE, 1908 1% | 19,98 |tnite land - Pasture
tlan, HROLTIS | 430482 ’
AR K |
COMLEY, 1905, 158 | 15.543 {ihite land | Pasture and toagland
{xon, - FR,560016 Proposed Oxford Green Bolt
LoAR KV
CRE, 19 0,5 110 | 11,1053 [Part resicential, part industrial Pas ture
Creshirs M.R679566
AR
CREVRE BEIK, 19 0.5, 9 5405 hite fand Arable
‘ Eo Ridim YOHG. &R.m 23'1 2065 :
hR K | , f
DANS, 1903, 100 | 17253 Vihite land 1 Pasturo
Creshire NRIXIB | 28.5.6h |Green Beit
AR W
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Date of

Substation Location Consent/3 D.P, Zoning Land Use
DESSIDE, 1" 0.5, 109 184 364 |  Area for deposit of refuse Derelict land
Flimis., HLR.281709 -
W0f215

| EALIHG, 1" .S, 160 9.6 | Statulory Undertaker CGE.G.B Cleared indstrial
tonden HR 18795 | 16.153 Site
132/%6 K Switch'se
EAST CLAYDGH, 1" 0S. 146 | 3.36: | ‘hite land Pasture
Bucks, HR. 751258
AR W : |
ELSTREE, 1" 0.8, 160 | 12.6.2 | HMetropolitan Green Belt koricultural
Heris. MR.149%9 19. 6,82 { lhite land-
a5hR W 12. 6453
BDTsY, 1°0S. 121 | 21,843 | thite land Pasture
Lefcs, MR.53305 7.184
WOAR K
DXETR, 1" G.S, 176 284059 | thite land Pasture
Devon, KR.00973 1. 340
wmhR kW 11. 8.6
FLCaHAY, 1" 0.5, 131 B.458 | thite land, | Pasture
Wores, HR.022614 28,256 | Proposed Green Belt
WshR W
FLEET, 1°0S, 169 | 28,356 | thite land Hood!and
Hants, HR.731505 13. 165 !
WrBAR W 13,1055
FROBHAA, 117 0S, 100 2.852 | Area for deposit of refuse Derelict land
Cheshire HR,52813 '
BhR W
GRAIGETON
N.. Riding Yorks.
AR W
GRENDON, 1° 0.S. 13 11. 556 | ‘hite land Pasture and Arble
Northants, MR 86913
WAR KW
GRIIBBY WEST, 1% G.S, 105 5.245 | ‘hite land Pasture, Arable and
Lincs, HR.22502 Woodland
AR W
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Oate of

KD/2T5 K Switch'se

and 0,5.6.8,) and partly thite fand,

Substation Location Cansent/s 0.P. Zoning Land Use
HACKEY, 1" 0eSe 161 25, 656 | Lee Valley Regional Park. Public Park
London IR, 356862 121246 | Rublic Open Space
1R/ W Switchtse
HAS BALL, 1Y 0 131 15. 157 | Vhite land Pasture and Arable
Harwicks MeRe194523 14166 | Propased Green Belt
WRIAR W 3. 551
HARKER, 17 0.8, 76 .75 | thite land. Pasture and Arable
Qurberl and MR38%:2 21, 6,66
015 h % Ky 34046
HIRTITOR,

Co, Durham
BhR W
HATHOR PITY .
Co. Durtiam
A% kK
HEREH(FD, 1 0S. 142 | A, 761 | Ministry of Supply iand, Disused M. of S. land
Ferefordshire HAS030
woa= K
HIRST, 1° 0.3 14 25, 356 | Vetropolitan Green Belt Pasture
Kent, MR489720
AR KW
- DI QUEBS, 19 08. 185 | 18, 243 | Yhite land, China clay consultation area®, Uater logged scrib
Cornaali MR 539552 28. 356 Hoodland
AR K
1RO ACTON, 19 0.S. 1% 21. 962 | thite land. Pasture and Arable
Glos. H.Ra668358 Proposed Green Belt
IR
VR, 1" S, 160 54163 | Green Belt Pasture
Bucks. HLR. 052826
AR
KEADBY, 1° .S, 104 | 14, 884 | Vhite land, Pasture
Linzs, HR.BRUH20
Lo/ h 3z kY
KEARSLEY, 190S. 101 { 17.9.5 | Proposed Green Belt. Pasture and Derel ict
Larcs WRTBOE | 13,1460 | Partly Statutory undertokins (Severage Board land
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. . Date of .

Substation Location Consent/S 0.P, Zoning Land Use
KIRKBY, 1" 0.8, 100 | 2. 557 | thite lande Pasture and Arable
Lanes, ILRA38973 .38
Wwpispzn W
KIRISTALL, 1" S, % 84165 | Public Open Space - Public open space
Leeds, Yorks. MR 268204 12. 8.5
5hR W
XimalL, 1" 0.8, 13 91042 | Vhite land Fasture
Horcs. W R.092814 1. 643 | Part in proposed Green Belt.

BhR K
/
LACBY, { 1" 0.3, 86 16, 958 { Indstry Poor quality pasture
No Riding Yorks, MR.562195
215/%6 W
LALEAA, 1" 0.5, 160 1o b8 | ater Yorks land Perelict land.
Hiddx. HR.064706
ashz K
LADULPH, 10 0.5. 1871 17. 982 | ‘hite and Pasture and Arable
Cormial MRAH09629
LOAR 1Y
LEGACY, 19 0.5, 1021 121 44 | Part thite land and Part County Council Pasture and Arable
Derbigh, MoR.294455 Sral l-holding
WA kv
LISTR RIVE, 1% 0.5, 100 3. 483 | lndsstrial lerelict Industrial
Liverpool, Lancs. HR 386917 6. 1.66 land
275 ¥V Switch'se L. 561
LOVEDEMN, 1" 0.5, 181 23. 560 | thite land Pasture and Arzble
Hants. MR676135 22.11.63 | Hampshire Coast Green Belt
WO1sh3 kY
LYDD, 1% 0.5, 184 1. 7.59 | thite land Shingle beach and
Kent M.R031200 Foreshore
275 4C/OC Converter
HAOLESFIRLD, 1 0.5, 110] 241051 | Indstrial Derelict industrial
Cheshire MR918746 18241 land
AR K 9. 583
HANIINGTON, 105, 10| 16. 843 | Hhits land Heath tand
Dorset MRO75052

opr W
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|

Date of

5K -

Statrtory undertaker - GE.G.B,

- _-Srtbsrahon ercatrlon‘ Cnsentfs 7 Dt Zomr.g» - Ifnd Usc- :
MELISHAH, 1905, 157 | 25405 | thite land Pasture and Arable
Hilds. MR | 25. 456 '

WfIIsh3 W, 19, 7.65
MILL HILL, 1" 05. 140 | 26. 5.6 | Var Depariment land Disused Anti aircraft

Hidx, HuR 21926 Metrogolitan Green Belt g site,
5kR W '

FONK FRYSTON, 1" 0S. 97 | 17,052 | shite land Pasture and Arzble

“Ho Riding Yorks. NRAS2%2 | 244060 | Green Belt
W0P2I5HR K

o ,

NECHELLS, 1905131 | 11.3.65 | Indstrial Disused devage vorks

Biminghan | 4.R. 098398 '
BAR K

HE! CRESS, 19 0.5, 160 )
London MR, 346718

215066 K Suiteh'se |

NINFIELD, 1" 0.5, 183 | 25.7.63 | thite land Pasture
E. Sussex HRHMT | 13, 54

MO K
NCRTHFLEET, 17 08,17 | 2,356 | Surface vorking of chalk Pasture and Arable

Kert WREITY | 24.1.8h | tetropolitan Groen Belt
25h% W
NRICH, 1105, & | 18.8.5 | thite land Pasture

" Co. Durhan NRMZ0 - | 2.1.59
BhR K
MORTGH: LETS,
¥ Riding Yorks.

| 2spn

NCRINCH, 1" 0.8, 126 | 20.5585 | thite land Pasture
Norfolk HR.21802% - | Proposed Green Belt.

R ERY -
NURSLING, 1% 0.5, 180 | 10, 6.3 | Gravel vorking Disused gravel
H@rﬂs, HLR.362162 Proposed Hanpshire Coast Green Belt working |
oAz K

| R HILL, 1708 13 | 30,18 | Indstrial Derelict land
Harvicks. WRIT98 | 2. 657
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Substation Location Date of DuP. Zoning Land lse

Conzent/S

CLORLY, 1% 0.5, 130 | 23, 6,65 | Part area for deposit of refuse, part industrial,] Derelict fand and

torcs. FeR.9855%0 L.146 | part private open spacs. et worked out clay

BpR WY pit

(SBALDICK, 1" 03, 97 28. 243 | ‘thite land Pasture and Arable

E. Ridimg Yorks. MR 51T Proposad Green Belt

LR W

PELHA, 1° Q.S, 148 8. 543 | hite land Pasture and Areble

Essex. 1LR.457285 2, 665

whRK

P, 105,130 | 19.6.5 | ihits land Pasture

Staffs. MR- 850554 Propased Green Belt

BhR KW

PENTIR, ™ 0S.106 | 3.7.62 | Green Belt : Pasture and \oodlend

Caermns., MR 559618

AR W

PENZORTHRY 19 0.5, % 18.2.53 | \hite land Pasture

Lancs, FR.S1279 12. 8.66

WO/Zi5hR W

PILE, 1° 0S. 155 | 27.5.5 | ‘hite land Pasture

Glmn. MeR. 828829 .15

5IR K 1h. 665

RAINIRLL, 1° 0S5. 100 | 34063 | HMineral workings Disused grave! pils

Larce, MR09%18

LoAR W

RAYLEIGH, 1" 0., 162 3,265 \hite land Pasture mainly Arable

Essax H.R. 780515 LJ2.65 | Proposed Grren Belt

WpEnR W

REZBAIGE, 1 QS, 161 | 28, 366 | ‘Uhite land Pasture

Essex MRAZZ812 Fetropolitan Green Belt

5hR W )

ROGDALE, 1 0.5 101 | 10, 3.5 | ‘thite land Pzsture

Lancs. WR.8H167 4,556

hR W

SEVB! SFRINGS, 1° 0,8, 144 | 18,786 | ‘hite land Arable mainly woodiand

Glos. HR 9163 Area of Quistanding Matural Bearly (Cotsvolds)

LCAR K
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Date of

K0/zis K

Substation. {ocation Congent /S 0P, Zoning Land Use

SHFFIED CITY,
Sheffield '
BhR W |
SKILTOH GRANGE, 1" 0,5, % 7.945 | hrea for CE.G.B. purposes Pasture
Leeds HR3233 | 4.1056 | (Adjoining Pover Station)
7552 W
SOUTH HAICHESTER, 1% 0.5, 101 1263 | ‘Vhite land (Part in Cheshire) Derelict land
Cheshire HR817916 3. 964 | Public cpen space (Part in Manchester) forverly donestic
5hR W 3.365 | refuse tip
SPENVIR, 19 08. 8 | 264062 | thite land Pasture
Co. Durhan MR288345
BhR kv /
STALYERIDEE, 1908100 | 64158 | Indstry g Pashure
Lancs. KR 9IL991
AR kv
STELLA VEST, 1" 0.5. 78 12,151 | Colliery uss, or surface wiming of coal Pasture
Nortmmbtid, M Re1 1646
734
STe JUHS H0OD 19 0.5, 160 61 | Statulory indertsker - Electricity Cn site of former
London MRZ70825 62 Poser Station
715/%6 KV Sxitch'se 64
SURHDGY, 19 0.5, 147 | 2h.963 | vhite land Arable
Beds. WR.0%R272 15.1065
Lof7she W
SUANSEA HORTH, 19 0.5. 153 | 20,855 | thite land Poor quality
Gla, MoR.6A5002 " Pasture
zishR W
TALNTCH,
Screrset
AR W
TEPLEROROUGH,
H. Riding Yorks.

L 2BAR KV
THORPE MARSH, 1" 0,S. 103 | 16, 458 ] Public Authorily - Land drainage (Hfashlands) Hater meadoss
He Riding Yorks M.R.095607 20. 754




388.

Appendix I (Contd.)

. . |Date of .

Substation Location c;senf[ A 0.P. Zonirg Land Lse
THIRCROFT,
W, Riding Yorks.
215h3% W
TINELEY PARK,
Y, Riding Yorks.
25k W
TOTTERHAY, 1 0.5, 161 {141057 | Residential Residential
Middx. WRIBN2 (17, 882
BhR KW 6. 942
EUTH, 1° 0,5, 78 |25, 354 | Part thite land, and part Surface area for Pasture
Nutertand MR 319703 Colliery purposes
7543 W
WALHIM, 18 G.S. 143 |11, 841 | thite land. - Hater meados
Gloucester HR828202 [ 27.9.2 | itash land area of River Sevemn
WO hR KV 17. 964
WILPOLE, 1° 0.5, 124 |13, 8.62 | thite land Arable
Yorfoik 1 Rk80163
AR KV
HALTHAH CROSS, 19 0.S. 161 | 2,651 | Gravel extraction. Disused wet gravel
Essex MR 315036 Fetropolitan Green Belt. pits
ZshR kY Lea Valley Regional Park
VERLEY, 1% 0.5, 161 {16, 953 | Hetropolitan Green Belt Pasture and Arable
Essex LR 596863
Zshe KW
YATFCRD, 1% 0.S. 160 |12, 6,463 | Metropolitan Green Belt Derelict Pasture
bHBdk, Herts MR10590 |14, 154
AR K
WEST EOLDON, 1" 0.5, 78 |26, 3.5 | thite land Pasture and Arable
Co, Durham HR30601 |30, 7,59 | South Tyneside Green Delt
6 K
WEST MELTCH, 1% 05, 103 | 70149 | Mhite land Pasture and Areble
¥. Riding Yorks. MRt 3007 1. 2561
AR kY
WEST THURROCK, 1° QS.161 i 12, 857 | Industrial Derelict
Essax 29.1.58
O Y 294045
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T Dateof | . -
. SLbs’canon Lacaticn CorzentS 1. P £oning Land Lse
© | HEST VEYBRIDGE, 17 0.5, 170 | 18 5.5 | Statutory Allotments. Atlotnents
Surey FRO58625 | 734044 | Metropolitan Green Belt |
AR 1he 6,66
|mecate, - 19 0,5, 101 | 154265 | Pover Station site. I disused part of |-
Lancs, 1 MR 8N0%5 Statutory undertaker - Electricity | Parer Station site
R K
HITSCN, 1905, 1% | 20, 6.0 | thite land, Pastire and Arable
Fornoutishire HoR3M855 | 18. 7.60 | Proposed Green Belt | |
275 ki Seitchtse
e , :
WILEEAL, {17 080 13 | 19,467 | Indistrial Pasture -
st L) MR8 | 26, 567
1B
WILLESDEY, 19 05 160 | 13. 464 | Statbory undertdker = Electricity I disused part of
‘Londen HRs20982 | 10, 7.64 . Fozer Station Sits-
AR W 164165 ‘
| LeTe, 18 08, 120 | 174282 | White land, Pashire and Arable
|Derty HoRa207286 | 10, 265 .
W07z W
WIMBLEDGY, 1905, 170 | 20, 564 | Statutory Undertaker - Electricity In disused part of
Loncen - YeR261118 P Station site |
TR KV Switch'se
C | ey, 1" 05, 147 | 94052 | hite land. Pastire. and Arable
Herts. H.R.206269 . Pronosed extension to Matropolitan Green Belt
WopZ W ‘

E_oi.gs_ 1. This list only includes Prinary substation sites for switching or transforming at 400 kY and 1.

2, This list does not include substations within the botndary of a poer station,

'
1

3, Data obtained from C.E.G.B. ublications, Local Planning Authorities and personal observation.

3rd Decanber, 1%8




Schedule of Areas of Substation Sites

Berkswell, Warwickshire.
Birkenhead, Cheshire.
Bishops Wood, Worcestershire.
Braintree, Essex.
Bramford, Suffolk.
Bredbury, Cheshire.

! Bridgwater, Somerset,

| Cellarhead, Staffordshire.
Chickerell, Dorset.
Cowley, Oxfordshire.
Creyke Beck, Yorkshire,
Indian Queens, Cornwall.
Iver, Buckinghamshire.
Legacy, Denbighshire.
Lovedean, Hampshire,
Mgnnington, Dorset.

Mill Hill, Middlesex.

Mop End, Buckinghamshire.
Ninfield, East Sussex.
Norton, Durham.

Norwich, Norfolk.
Osbaldwlck, Yorkshire.
Pentir, Caernarvonshire.
Swansea North; Glamorganshire,
West Boldon, Durham.

Wymondley, Hertfordshire.

275/132 KV
275/132 XV
275/132 KV
400/132 kv
300/132 vV
275/132 kv
275/132 KV
400/132 kV
409/132 XV
400/132 kV
275/132 kV
400/132 kV
275/132 kv
4oo/132 kv
300/132 kv
400/132 kv
275/132 kV
400/132 kv
400/132 kV
275/132 kv
400/132 xV
275/132 kV
400/132 xV
400/132 kV
275/66 kv

400/132 kv

Appendix J

M.R.265765
M.R.291861
M.R.835633
M.R.TT4217
M.R. 100459
M.R.907915
M.R.323358
M.R.943492
M.R.656806
M.R.56C016
M.R.044350
M.R.939592
M.R.042836
M.R.204485
M.R.676135
M.R.075052
M.R.241926
M.R.927968
M.R.717117
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
k5,52 acres
32.88 acres
38.00 acres
3%.28 acres
68.52 acres
42,60 acres
54.36 acres
16.94 acres
23.30 acres
38.38 acres
28.00 acres
42,28 acres
51.20 acres
50.00 acres
52.80 acres
42,20 acres
41.90 acres
70.34 acres
28.00 acres
27.00 acres
55.76 acres
22.7S acres

78.28 acres



[39 & 40 Vicr.] Oommo;Azs.. [Cm. 56.]

Commons, and for a,mendmcr the Acts relating to the
/Inclosure of Comnions.

/

Dxplanahon
- of improve-

© ment.

_ : CHAPTER b6. _
An Act for facilitating the regulation and improvement of A.p. 1s7.

[11th Auoust 1876.]

g

3. A provisional order for the reculation of a common may pro-.
tw]

vide, generally or otherwise, for the adjustment of rights in respeet
of such common, and for the improvement of such common, or for
cither of such purposes, or for any of the things by this Act
comprised under the expression ¢ adjustment of rights” or im-

- provement of a common,” or may state that all or any of such

subjects arc to be provided for in the proceedings subsequent to the
confirmation of the provisional order by Parliament.

5. The improvement of a common compnses for the purposes of
this Act all or any of the following things ; that is to say,
(1.) The draining, manuring, or levellmg the common ; and
(2.) The planting trees 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 byehws and regulatlons

*for the prevention of or protection from nuisances or.

‘for keeping order on the common; and

(4.) The general management of such common.

(8.) The appointment from time to time of conservators of the
common for the purpcses aforesaid.

391.

“ Regulation
of common *
includes

-adjustment

of rights
and improve-
ment.



12,13 & 14 Gro. 6 National Parks and Cu.97
Access to the Countryside Act, 1949

Appendix L

CHAPTER 97

An Act to make provision for National Parks and the
establishinent. of a National Parks Commission; to
confer on the Nature Conservancy and local authorities
powers for the establishment and miaintenance 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 relatmﬂ to rights of way; to
confer further powers for preserving and enhancing
natural beauty; and for matters connected with the
purposes aforesaid. [16th December 1949.]

_ 88.—(1) A local planning authority mmay plant trees on land
in their area for the purpose of preserving or enhancing the
natural beauty thereof.

(2) For the purpose of restoring or improving the appearance
of develict 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) carty out such work or do such other things as appear
to them expedient for that purpose.

(3) The powers conferred by this section may be exercised
by an authority either on land belonging to them or with the
" consent of all persons interested therein on other land; and in
relation to such other land the said powers shall mclude 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.

(4) The powers cunferred by the foregoing provisions of this
section 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 enactment 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 cffect under
any enactment or rule of law.

(5) A local planning authority may acquire land compulsorlly
for the purpose of any of their functions under this section. -

(6) Where a local planning authority exercise their powers
under the foregoing provisions of this section on land not belong-
ing to the authonty, the management of the land, so far as
relates to anything done by the authority, may be undertaken
either by the authority or by a person interested in the land,
as may be agrecd betwcen the authority and the persons so
interested, and on such terms as may be so agreed.

392,

Planiing of
trees and
treatment of
dcrelict land.
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- 7& 8 EuLz. 2 Highways Act, 1959 . Cu. 25

Powers of
highway

and local.
authoritics

to plant trees,
lay out grass
vergges, etc.

CHAPTER 25

An Act to consolidate with amendments certain enact-
ments relating to highways, streets and bridges in
England and Wales, including certain enactments
commonly contained in local Acts, and to make

consequential amendments of the common law.
[30th April, 1959]

= E it enacted by the Queen’s most Excellent Majesty, by and

E with the advice and consent of ile Lords Spiritual and

Temporal, and Commons, in this present Parliament
assembled, and by the authority of the saine, as follows :—

. 65.—(1) A highway authority may, in relation to a highway
maintainable at the public expense by them, being 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 separating a part
of the carriageway which is to be used by traffic moving
in one direction 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 direction;

(b) at cross roads or other junctions, for regulating the
movement of traffic.

(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 them or any
part of them, and to plant on them trces, shrubs and other
vegetation either for ornament or in the interests of safety.

) Trees, shrubs and verges

82.—(1) Subject to the provisions of this section, a highway
authority may, in a highway maintainable at the public expense
by them, plant trees and shrubs and lay out grass verges, and
may erect and maintain guards or fences and otherwise do any-
thing expedient for the maintenance or protection of trees, shrubs
and grass verges planted or laid out. by them under this
subsection.

Dual
carriageways
and
roundabouts..
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Appendix N

"CH. 63 Highways (Miscellaneous 9 & 10 ELiz. 2
Provisions) Act, 1961

Extension of . 5,—(1) The following powers conferred on a highway autho-

P.°"‘,"'°r5‘°f L ity by subsections (1) and (2) of section eighty-two of the prin-

oS Vay ARt cipal Act, that is to say—

authorities to (a) the power to maintain and protect trees, shrubs and grass
[[ plant and verges pianted by the authority in a highway maintain-

. S¢S pu , y usdway !

i/ protect rees able by them or in other land mentioned in the said
I in highways

subsection (2); and - |

(b) the power to alter or remove any such verge and any
thing provided by the authority for the maintenance
or protection of trees, shrubs or verges so planted by
them,

shali be exercisable in relation to, and to things provided for
the maintenance or protection of, trees, shrubs or verges whether
or not they were provided or planted by the highway authority ;
and subsections (3) and (4) of that section (which provide for
the exercise by the other authorities there mentioned of ths
powers conferred on a highway authority by the said subsection
(1)) shall have effect accordingly.

(2) The following amendments consequential on the provisions
of the foregoing subsection shall be made in the said subsection
(1), that is to say— _

(@) for the words “ by them under this subsection ” in both
places where they occur there shall be substituted the
words *“, whether or not by them, in such a highway ™ ;
and - :

(b) for the words from “ provided ™ onwards there shall be
substituted the words “ provided, whether or not by
them, for the maintenance or protection of any tree,
shrub or verge in such a highway ™.

Bic.

(3) Any reference in the said section cighty-two as amended
by the last foregoing subsection to trees or shrubs shall include
a reference to planis of any description; and accordingly the
following subsection shali be inseried at the end of that section ; — |

- “(8) References in this section to trees or shrubs shall
be conmstrued as including references to plants of any
description.”
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CH. 63 Highways (Miscelluncous 9 & 10 ELiz. 2
Provisions) Act, 1961

10.—(1) Where it appears to the appropriate avtherity for any
highway, or for any other road or footpath to which the public
has access,— .

(a) thatany hedge, tree, or shrub is dead, diseased, damaged
or insscurely rooted ; and
(b) that by reason of its condition it, or part of it, is likely
to cause danger by falling on the highway, road or
footpath;
“the authority may, by notice either to the owner of the hedze,
tree or shrub or to the occupier of the land on which it is
sitnated, require him within fourtcen days from the date of
service of the notice so to cut or fell it as to remove the likelihood
of danger.

(2) Subsections (2) to (4) of section one hundred and thirty-
four of the princival Act (which relate to the interpretation
of that section and to appeals from, and tic enforcement of,
_ notices under subsaction (1) of that section requiring the cutting
of vegetation which overhangs roads and fooipaths) shall have
effect as if references to that section and subsecion (1) of that
section included references to the foregoinz subscction: and
section two hundred and fifty-six of the principal Act (which
confers powers of entry) shall have effect for the purposes of
this scction as if this seciion were a provision to waich that
section applies and as if the purposes menticned in subsection (1
of that section included the purpose of asceriaining whether any
hedge, tree or shrub is dead, diseased, damaged or insecurely
rooted.

Cutting or
feiling of
dangerous
trees ote.
near roads or
footpaths.



Duty of
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Appendix O

Civic Amenities Act 1967 ' CH. 69

ELIZABETH II

1967 CHAPTER 69

An Act to make further ptovision for the protection and
improvement of buildings of architectural or historic
interest 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 same, as follows :—

BE IT ENACTED by the Queen’s most Excellent Majesty, by and

Part I1

PRESERVATION AND PLANTING OF TREES

12.—(1) It shall be the duty of the local planning authority tc
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.

396.
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Schedule of printed sources concerning the landscaping of the Generating
Board's primary grid substations:-

Abham - Power News July 1967
Birkenhead Birkenhead News 2+ 6.65
" n 5. 6.65
Liverpool Echo 2.10.65
Birkenhead News 9.10.65
Midland Region News Nov. 1965
Bolney Span Feb. 1965
Bredbury County Express 10. 9.64
: Stockport Express 10. 9.64
Stockport Advertiser 10. 9.64
North Cheshire Herald 11. 9.64%
The Guardian 6.11.64%
Times : . 9.11.64
Estates Gazette 14.,11.64
Burton Green Coventry Evenlng Telegraph 5. 5.65
" 10. 9.65
Birmingham Post 20.10.66
Canterbury Kentish Gazette &
' Canterbury Press 8410.66
Kent Herald 2.11.66
Kentish Express 4,11.66
" Gazette 4,11.66
Kent Messenger b,11.66
London Evening News 5.11.66
" " " 12.11.66
" " t 3‘12066
Times 20. 4.67
Kentish Gazette 2l. 4.67
London Evening News 24, 4,67
Kent Herald 9., 8.67
Chickerell Dorset Evening Echo L, 5.66
" n " 11. 5.66
Power News Sept.1966
" " July,1967
Coventry Coventry Evening Telegraph 5« 5.65
Power News August,1968
Enderby Power News April,1964
" " Aug. 1968
Exeter Express and Echo 31l. 1.66
Power News July,1967
Fleet Farnham Herald 16. 7.65
Reading Mercury 16.10.65
Farnham Herald 28.10.66



Grendon
:

|
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|
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[
(Burst

Kearsley

KitWé}l

|

Legacy

Ninfield

dldbury'

Penwortham

Rayleigh

South Bucks

South Manchester

Wymondley

Northamptonshire Evening Telegraph 14.11.64

Northamptonshire Mercury & Herald
Northamptonshire Evening Telegraph

Kettering Leader

] n

Northampton.Cronicle.& Echo

Bexiey“Heéth.Observer

London Evening News
Bolton Evening News

C.E.G.B. 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 Evening Post

~Electrical Review

The Estates Gazette

Southend Standard

Reading Evening Post

The Guardian
Yythenshaw Express

Times

Daily Telegraph

The Guardian

The Guardian
Hitchin Pictorial
Hertfordshire Express
Hitchid Pictorial -

19.11.64 -

20.11.64
27.11.64
4,12.64
39 3565

30 9.66
A'o 10 - 66

- 19 2.65

9. 6.64
22 [ 2‘. 64
10. 6.64
10, 6564

July, 1964
Julef1964
Aug. 1968

3. 9,64
16.11.64

__Feb, 1965
28. 8.65
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Aprilp ¥965

Jan. 1967

9. 8.66
26s 8#66
3. 9466

22! 6967.

25, 8:67

2%.10.68

29. 9.65
29. 9.65

4,10:65

6s 1467
18. 1.67
219 9567
22.' 966?
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SELECT BIELIOGRAPRY

The following select bibliography beging with the material
deallng with the subject generally. This is divided into -
Statutes, 2. House of Commons Pavers, 3. Government Reports and
Wh1te Papers, 4. Books, articles and pamohlets. Thereafter the
bibliography is divided into parts roughly corresponding with the
chapters.of this thesis.

General

1. Statutes

Electric Lighting Act 1882 45 and 46 Vict. C.56.
"Electric Lighting Act 1888 51 and 52 Viet. C.12.
! Electric Lighting (Clauses) Act 1899 62 and 63 Vict. €.19.
j ~ Electric Lighting Act 1009 9 Edw. 7, C.34.
o Electricity (Supoly) Act 1919, 9 and 10 Geo. 5, C.100.
Electricity (Supply) Act 1922, 12 and 13 Geo. 5, C46
Electricity (Supply) Act 1926. 16 and 17 Geo. 5, C.51]
; Electricity (Supply) Act 1928. 19 Geo. 5, C.4.
Electricity (quply) Act 193%, 23 and 24. Geo.5, C.46)
Electricity (Supply) Act 19%5. 25 Geo.5, C.3%,
Electricity (Supply) Act 1947. 10 and 11. Geo.VI, C.54
Electricity (Supply) Act 1957. 5 and 6 Eliz.II, C.48.

2. "Hbﬁgé of Commons Papers
Select Committee on Nationalized Industries - 28th May, 1963.
Three volumes.  H.M.S.0,
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D.J. Duckworth, A.I.L.A.
the Lancashire County Ccuncil

D. Tattersall,

1.4 Others

Mr.

Mr.

Barnes -

Wilson -
Rose -
Preston-Jones -
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Mr. C. Knowles, A.R.I.C.S.,AM.T.P.I.- Area Planning Officer
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at Mop End. Inspector - Mr. French.

3.2 Ministrvy of Housing & Local Government Ref, APP/1880/A/1Q14O
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Design Engineer
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Daily Telegraph 22. 8,67
The Guardian 23. 2.67
The Sun 23. 8,67
The Times 23. 8,67
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The Guardian . 24, 8.67
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Daily Telegraph _ 26. 8,67
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The Times 1. 7.68

The Sunday Express ' Te T.68
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