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ROBERT GRAHAM SHARP, BSc, FICE, FIWEM

This volume of symposium papers is dedicated, 
at the request of the organising committee, 

to the memory of GRAHAM SHARP, whose sudden death 
on 8 July 1993, aged 65, ended a long and 

distinguished career in water resources.

Graham attended Leighton Park School, Reading, before studying civil engineering at London 
University. In 1951 he began his career specialising in water services engineering and planning 
with Herbert Lapworth Partners, a firm known for its work on impounding reservoirs and 
dams. Early work included association with the Thames Groundwater Scheme, the Weir 
Wood Scheme for Crawley and the Adlington treatment works for Macclesfield. Graham was 
also involved on design of the concrete buttress dam for Lamaload reservoir, near 
Macclesfield, before gaining site experience as Assistant Resident Engineer at Lower Drift 
Dam in West Cornwall, and as Resident Engineer at Lamaload.

The implementation of the Water Resources Act 1963 led to the formation o f the Water 
Resources Board, which Graham joined in its early stages. He took charge of the collection 
and publication of hydrometric data, working on controversial reservoir studies in South 
Wales and on Dartmoor before being promoted to Superintending Engineer in 1971. He 
headed a new planning division, formed for preparing the Board's National Study on Water 
Resources in England and Wales, which was published just prior to the formation o f the 
Regional Water Authorities in 1974.

From 1974 until his retirement in 1988, effectively as Chief Water Resource Officer of Severn 
Trent Water Authority, Graham led teams of engineers and scientist in the formulation o f the 
original water resources policies. He was involved in proposals for Craig Goch reservoir 
enlargement, and appeared as a professional witness at two lengthy public enquiries for the 
Shropshire Groundwater Development Scheme and the Carsington Reservoir in Derbyshire. 
Steering the Carsington promotion to a successful conclusion was his finest professional 
achievement.

In 1988 he became a consultant, initially as advisor to the embryo National Rivers Authority. 
He was later associated with consulting engineers Howard Humphreys Ltd.

Graham Sharp's career followed the best tradition o f the English civil engineer. A cultured 
and dignified individual, he was a practical and ambitious professional with a high degree of 
integrity. He was a conscientious and energetic manager and an eminent author of national 
and international conference papers. Graham had a memorable influence on the careers of 
many IWEM members.

He is survived by his devoted wife Audrey and daughter Jane.

Edward Price

(Copy reproduced from IWEM Newsletter - December 1993)
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DEMAND MANAGEMENT - NRA PERSPECTIVES

By Peter W Herbertson, MSc, CEng, MICE, MIWEM 
and Geoff A Burrow, BSc, CEng, MICE, MIWEM 

National Rivers Authority

SUMMARY

With the publication of the NRA's national water resources development strategy, demand 
management is for the first time recognised as having a major role in planning. The paper 
reviews the background and reasons for this important change in attitude since the last 
national water resources strategy was published by the Water Resources Board. O f particular 
significance was the coincidence of the recent severe drought in UK with the growth of the 
international movement for sustainable development. The effects of overabstraction on the 
number of rivers were dramatically displayed during the drought and gave rise to considerable 
public concern. Demand management is no longer the sole preserve of economists; their ideas 
have now sunk deep into political consciousness.

Reflecting its statutory duties for water resources, the NRA has adopted a broad definition of 
demand management, including all those measures which could affect the removal o f water 
from the natural environment. Demand forecasting methodology is central to managing 
demand and the NRA's approach is described. The resulting forecast scenarios and their 
demand management components have a crucial impact on the scale of a national development 
strategy. With the achievement of NRA demand management assumptions, leading to a low 
forecast, there is no need for major strategic resource developments. The relative importance 
of contributing components of demand management are discussed.

Delivering demand management can best be achieved by agreement between water companies, 
their customers and the regulators. The NRA and OFWAT have made it clear they will use 
their powers if necessary, but success will come more easily as water companies and their 
customers appreciate that some demand management measures are cheaper than new source 
development. When these have been exploited rising demand can only be met by either more 
expensive sources, such as reservoirs and cross country transfers, or by the more costly forms 
of demand management such as domestic metering.

Demand management is the key to achieving sustainable water resources development. Its 
success will depend on continued monitoring and reporting of water consumption and loss 
statistics for all users. This is the first step to a better understanding of the scope, practical 
achievability, environmental impact and relative cost of the various measures. With better 
information, users (water companies, households, industry) are more likely to moderate water 
use to the benefit of the environment we all share.

IWEMconl7nra.herbcrUiam(05/04/94)
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WATER RESOURCES: A SCOTTISH PERSPECTIVE

b y  P WRIGHT, BSc, C Eng, MICE

(To be  p re se n te d  a t  the  Water R esources Development 
S tra teg ie s  Symposium, London, 20 A pril 1994)

ABSTRACT

Following a summ ary of th e  adm in istra tive  a rran g em en ts  in Scotland  
re la tin g  to  w ater re so u rc e s , details  a re  g iven , for 1992-93, of th e  
available yield of so u rces  developed fo r pub lic  w a te r s u p p ly , to g e th e r  
w ith  inform ation on th e  ty p e s  of so u rces u sed  b y  w ater a u th o r itie s . 
The overall w ater dem and position is  d e sc rib ed , details g iven  of th e  
com ponents of dem and, in c lud ing  "unaccoun ted  fo r  w a te r" , an d  comment 
made on th e  dem and/y ield  position  fo r  th e  c o u n try  as a  w hole. T he 
outcome of two p rev io u s  national su rv ey s  of e x is tin g  an d  fu tu r e  w a te r 
re so u rces  is review ed and  a d escrip tio n  g iven  of th e  th ird  su c h  su rv e y  
which has commenced re c e n tly . This la te s t su rv e y  will d raw  on th e  
re su lts  of the domestic w ater consum ption s tu d y  which T he S co ttish  
Office re p o rte d  on in  1993; a  summ ary of th is  s tu d y  and  its  f in d in g s  
a re  g iven . P roposed changes to in stitu tio n a l a rrangem en ts  in  Scotland 
a re  ou tlined .

Key w ords: S cotland; w ate r re so u rc e s ; dem and; y ie ld ; w a te r 
consum ption; unaccoun ted  fo r w ater.

INTRODUCTION

Many people p ic tu re  Scotland as a co u n try  consis ting  p rin c ip a lly  of 
m ountains and  lochs w here i t  ra in s  a  g re a t  d e a l . While th e re  is 
considerab ly  more to th e  co u n try  th an  th i s , th ese  fe a tu re s  a re  
nonetheless im portan t p re re q u is ite s  fo r  a p len tifu l supp ly  of w a te r . 
H ow ever, th ese  p h y sica l a t t r ib u te s  a re  b u t  a  s ta r t .  Man h as  
in te rv en ed  to  re fin e  and develop th e  n a tu ra l s to rag e  capacity  availab le 
and to co n s tru c t th e  in f ra s tru c tu re  to  convey w a te r from th e  u p lan d  
g a th e rin g  g rounds to w here it  is u sed  b y  th e  domestic and  in d u s tr ia l  
consum er.

This developm ent p ro cess  s ta r te d  last c e n tu ry , and p re se n t an d  fu tu re  
generations have b en efited  from a sign ifican t en g in eerin g  leg acy . T his 
should  not be  tak en  fo r g ra n te d . T he w a te r su p p ly  in f r a s t ru c tu re  
needs to be  o p e ra ted , m aintained a n d , w here found n e c e s sa ry ,
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u p g ra d e d  -  a n  on g o in g  ta sk  w hich will continue to  p lace demands on 
e n g in e e r in g , s c ie n tif ic , m anagem ent and  financial re so u rc e s . 
In fo rm ation  on w a te r  re so u rc e s  an d  th e  demand on th a t  re so u rce  is  
e s se n tia l  if  tim ely d ec is io n s a re  to be tak en  to e n su re  an adequate  
s u p p ly  of w a te r  in  th e  fu tu re*  T he S co ttish  Office, in conjunction  w ith 
th e  w a te r  a u th o r it ie s  and  r iv e r  pu rifica tion  a u th o ritie s , has an 
im p o rtan t ro le  to p la y  in  m ain tain ing  an  overview  of S co tland’s w ater 
r e s o u r c e s . I t  h a s  em barked  re c e n tly  on the th ird  national s tu d y  
d e s ig n e d  to  a s se s s  fu tu r e  w a te r dem ands th ro u g h  to 2016 and  the  
re so u rc e s  availab le  to  m eet th is  dem and.

ADMINISTRATIVE ARRANGEMENTS

In  view of th e  d if fe re n t  in s titu tio n a l and  leg islative arran g em en ts  in 
S co tlan d , com pared w ith  E ngland an d  Wales, it is re lev an t to summ arise 
th e  S c o ttish  a rra n g e m e n ts  h e re . T he S ec re ta ry  of S ta te  for Scotland’s 
re sp o n s ib ili ty  fo r  w a te r  r e s o u rc e ^  .is  s e t  out c learly  in th e  Water 
(S co tlan d ) A ct 1980 ( th e  1980 A c t)U ; :

" I t  sh a ll be  th e  d u ty  of th e  S e c re ta ry  of S ta te  -

(a )  to  prom ote th e  co n se rv a tio n  of the w ater re so u rces  of 
S co tland  an d  th e  p rov ision  b y  w ater a u th o ritie s  and  w ater 
developm ent b o a rd s  of ad eq u a te  water supplies th ro u g h o u t 
S c o tlan d ; an d

(b )  to  s e c u re  th e  collection, p re p a ra tio n , publication  and  
d issem ination  of inform ation  and  s ta tis tic s  re la tin g  to su ch  w ater 
re so u rc e s  an d  w a te r  su p p lie s ."

In  fu lf illin g  th e  S e c re ta ry  of S ta te ’s d u ty  for (b )  The S co ttish  Office 
E nvironm ent D ep artm en t h a s , since 1975, collected inform ation from 
w a te r  a u th o r it ie s  a n d  p u b lish ed  an an n u a l re p o rt on w ater supp lies  in  
S co tlan d . T h is  p a p e r  d raw s heav ily  on th e  most re c en t of th e  annual 
r e p o r t s ,  th a t  fo r  1992-93 .

S ince local g o v ern m en t re -o rg a n isa tio n  in  1975, the w ater au th o ritie s  
h av e  b een  th e  n ine  reg io n a l and  th re e  islands councils ( See F igure  1 ). 
T h ey  h av e  a d u ty  to  p ro v id e  a  wholesome su p p ly  of w ater w here it  is 
re q u ire d  fo r  dom estic p u rp o se s  and  can be done a t reasonable cost 
a n d , su b je c t to c e r ta in  co n d itio n s , to give a  su p p ly  of w ater fo r 
no n -d o m estic  p u rp o s e s  .

T he C en tra l S co tlan d  W ater Development Board (CSWDB) was 
e s ta b lish e d  in  1967 to  develop new sources of w ater su p p ly  for the  
p u rp o se  of p ro v id in g  b u lk  su p p lie s  to  two o r  more of th e  w ater 
a u th o r it ie s  w ith in  th e  c e n tra l b e lt of Scotland. The Board o p era tes  two 
m ajor w a te r  s u p p ly  schem es, Loch T u r r e t  and  Loch Lomond, and  its  
a re a  e x te n d s  to f iv e  a u th o r itie s  (T a y s id e , F ife, Lothian, C en tra l and  
S t r a th c ly d e ) .

R iv e r p u r if ic a tio n  a u th o r itie s  also have an  im portant ro le  in co n serv in g  
w a te r re s o u rc e s  (a s  f a r  as p ra c t ic a b le ) , a d u ty  g i^en  them  b y  th e  
R iv e rs  (P re v e n tio n  of Pollu tion) (S co tlan d ) Act 1951 . T h e ir pow ers 
allow them  to  c a r ry  ou t s u rv e y s  and  to gauge and keep reco rd s  of 
volum e, flow an d  o th e r  c h a ra c te r is tic s  of w ater bodies and  to reco rd  
ra in fa ll.

10



CONTROL OF ABSTRACTIONS

In Scotland , th e  r ig h t  to  a b s tra c t  w ater from  su rfa ce  and u n d e rg ro u n d  
so u rces is founded in common law and  on specific s ta tu te s  w hich g o v ern  
ab s trac tio n s  fo r specific  p u rp o se s . U nder th e  common law of S co tland , 
w here a stream  r is e s  in and  flows to the  sea  w ithin  the lan d s  of one 
ow ner, he has abso lu te  p ro p r ie ta ry  r ig h ts  over th e  w ater w ith in  th e  
s tream . A part from th is  s itu a tio n , ru n n in g  w ater is  not th e  exclusive  
p ro p e rty  of any  one p e rso n , b u t  a r ip a ria n  owner is  en title d , su b jec t 
to th e  r ig h ts  of o th e r  r ip a ria n  p ro p r ie to rs , to  make use of w a te r in  a 
s tream  flowing th ro u g h  h is  lan d , p rov ided  h e  r e tu rn s  it u n p o llu ted  in  
q uality  and  un affec ted  in  fo rce  and  q u a n tity  a t o r  before  th e  po in t 
w here the  stream  leaves his la n d s , excep t in so far as th e  w a te r h as  
been  consumed fo r p rim ary  p u rp o ses  such  as domestic u se  an d  fo r 
certa in  a g ricu ltu ra l p u rp o ses  (b u t not i r r ig a t io n ) . For p u b lic  w ate r 
supp lies the  1980 Act makes p rov ision  fo r w ater a u th o ritie s  to  ap p ly  
to the  S ec re ta ry  of S ta te  to make an o rd e r  e ith e r  approving", an  
agreem ent to acqu ire  w a te r r ig h ts ,  o r au th o ris in g  them  to ac q u ire  w ate r 
r ig h ts  com pulsorily . •

R igh ts to a b s tra c t w ater fo r p u rp o ses  su ch  as in d u stria l u se  can  be  
con ferred  b y  Acts of Parliam ent b u t such  A cts a re  now. r a r e .  W ater 
fo r in d u s tr ia l p u rp o ses  is  most often  obtained  th ro u g h  th e  ag en cy  of- 
the  s ta tu to ry  w ater a u th o r ity  a lth o u g h , re c e n tly , some in d u s tr ia l  
concerns have developed th e ir  own g ro u n d  w ater so u rces , on the  b a s is  
th a t w ater from boreho les g en era lly  belongs to th e  ow ner of th e
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g ro u n d . . T he  N a tu ra l H eritage (S co tland ) A ct 1991 contains 
p ro v is io n s  e n a b lin g  th e  co n tro l of a b s tra c tio n  of w a te r  fo r irr ig a tio n  fo r 
com m ercial a g r ic u l tu re  o r  h o r tic u ltu re . U nder th e se  p ro v is io n s  r iv e r  
p u r if ic a tio n  a u th o r it ie s  can  seek  a con tro l o rd er fo r a specified  a rea  
from  th e  S e c re ta ry  of S ta te ;  w here an  o rd e r is  g ra n te d  th ey  can 
s u b s e q u e n tly  co n tro l re le v a n t a b s tra c tio n s  for irr ig a tio n  th ro u g h  a 
lic e n s in g  sy s tem . As a t  M arch 1994, only  one su c h  con tro l o rd e r  has 
b e e n  g ra n te d  in  S co tlan d .

(5)

TABLE I : DEVELOPED WATER RESOURCES IN SCOTLAND 1992/93
Number and Yield(tVfl/d) o f Sources in each category

Year

Reservoirs River
Intakes

Underground Sources All
Sources

Total incl. 
Comp. Res.AH Res/Lochs Feed Int Boreholes Springs

Yield No No Yield | No Yield | No Yield) No Yieldl No No

1971 2257 380 259 212 . 22 84 199 2622 813
1977 2793 383 249 214 12 . 19 fi8 178 3222 794
1978 2921 386 257 223 13 19 65 175 ■3256 803
1979 2912 366 25 262 227 12 18 67 166 3253 K(i2
I9KI 2906 365 28 262 223 15 2! 63 159 3246 796
1982 2992 356 28 264 225 19 28 63 157 3338 794
1983 299? 368 28 262 37 28 67 154 3359 800
19X4 3031 358 29 258 236 36 28 68 162 3393 813
19S5 2973 360 29 409 248 36 29 44 156 3462 822
1986 2954 345 30 401 238 47 30 41 148 3443 791
I9S7 2932 345 31 386 237 56' 39 37 161 3411 813 831
1988 2988 345 27 415 252 51 40 61 169 3516 833 852
1989 2993 355 30 405 247 55 49 62 165 3515 846 864
1990 2971 357 30 403 246- 55 51 57 I6d 3486 844 862
1991 2982 353 30 402 242 55 52 56 153 3495 830 850

1992 bv A uthority

BORDERS 24 5 4 16 12 8 7 2 10 50 38 39
CENTRAL 189 15 (t 4 . 11 0 1 1 1 . 195 28 30
D & li/W AY 91 14 0 5 9 13 5 T 2 m 30 30
FIFE 162 14 3 0 0 14 6 o 0 176 23 24
GRAMPIAN 18 5 1 212 12 12 6 13 64 255 K8 X8
HIGHLAND 176 61 3 143 122 1 2 7 34 326 222 222
LOTHIAN 349 18 9 u . 0 (i 0 25 374 2‘> 37
ORKNEY 20 10 0 0 0 1 3 (i %i. 20 15 15
SHETLAND 27 23 (i 1 6 0 n 0 3 l'> 32 32
STRATHCLYDE 1272 119 7 12 47 1 4 4 12 1289 189 195
TAYSIDH 136 7 33 13 2 1 i) 1 171 22 22
W. ISLES 24 37 2 1 5 0 0 0 0 24 44 44
CSW DB 540 -> 0 0 0 0 0 0 0 540 ■> 2

1992 T O T A L 3028 330 29 427 237 51 35 54 131 3560 762 780

Note: a) Column 2 gives yield of Reservoirs, Lochs. Feeder Intakes and Regulating Reservoirs,
b) Column 3 is a count of Reservoirs, Lochs and Regulating Reservoirs (Feeder Intakes arc counted in column 4).
c) Compensation Reservoirs are excluded except in the extreme right-hand column a  here they are included in the oounl.
d) Pre-1992 the number o f sources recorded included multiple sources <it a single location. In 1992 multiple sources at a single location'were 

counted as one.

SOME BASIC FACTS
RAINFALL

A cross S co tland  th e  long term  (1941-70) av erag e  ra in fa ll was 1431 
m illim etres p e r  y e a r ,  b u t  v a ria tio n s  o ccu r locally ran g in g  from some 270 
p e r  c en t of th e  a v e ra g e  in  th e  h ig h lan d s  of W ester R oss, to  ju s t over 
40 p e r  c e n t in  th e  E ast an d  S o u th -E ast of the c o u n try . A fte r allowing 
fo r  ev ap o ra tio n  a n d  o th e r  lo sse s , th e  available su rface  w ater ru n -o ff  is 
ab o u t 70 million m egalitres  p e r  y e a r . The co rresp o n d in g  fig u re  fo r
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England and  Wales to g e th e r  is  about th e  sam e. Of the  to ta l ru n -o f f  in 
S co tland , ju s t  over 1 p e r  cen t is  u se d  fo r pub lic  w ater su p p ly .

POPULATION DISTRIBUTION

Of Scotland’s to tal population of some 5.1 minion (8.8 p e r  c e n t of th e  
UK p o p u la tio n ), abou t 70 p e r  cen t is  co n cen tra ted  in th e  c e n tra l b e lt 
betw een the  C lyde, F o rth  and  T ay  E s tu a rie s . The land  a re a  of 
Sco tland , includ ing  O rk n ey , S hetland  and the  W estern Is le s , is  77,080 
sq u a re  k ilom etres which is approx im ately  one th ird  of th e  a re a  of G rea t 
B rita in . A bout half of the  c o u n try  is above th e  180 m etre  c o n to u r; 
th is  a rea  contains only  abou t 100,000 in h a b ita n ts . T he s u b s ta n tia l 
q u an titie s  of w ater obtainable  from these  u p land  areas a re  th e re fo re  
re la tiv e ly  unpo llu ted .

Fig.2 : Available Yield by Source Type

C.S.W.D.B. iK & EBtlSCj
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Shetland

Oriuwy
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Fil'c mm O  River In tska
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i______ ______________________________________

RESOURCES

B efore p roceed ing  i t  is w orth  em phasising th a t ,  in  g en era l, w hen th e  
term  ’’re so u rc e s” is u sed  it re fe r s  to those re so u rc e s  which have been  
developed fo r pub lic  w ater su p p ly  use  and  te n d s  n o t to b e  u se d  in  th e  
w ider sen se  adop ted  in  England and  Wales. In 1992-93, th e  to ta l 
available y ie ld  of developed pub lic  su p p ly  so u rces in  Scotland was 3560 
M l/d. J u s t  over 97% of th is  was derived  from su rface  so u rc e s , th e  
balance coming from g ro undw ater so u rce s . Of .th e  to ta l of 762 so u rces  
u sed  fo r pub lic  su p p ly , 596 (78%) a re  su rface  w a te r sources an d  166 
(22%) g roundw ater so u rces . B y way of exam ple, F igure  1 show s th e  
d is tr ib u tio n  of lochs and  re se rv o irs  developed, for- w ater re so u rc e s . 
Table I g ives a  detailed  b reakdow n of a ll so u rce  ty p e s  fo r each  w a te r 
a u th o rity  an d  F ig u re  2 illu s tra te s  th e  re la tiv e  im portance of each  so u rce  
type  w ithin each a u th o rity  a rea .

The re liance  which certa in  au th o ritie s  place on r iv e r  in takes fo r  p u b lic  
su p p ly , eg  Grampian and  H ighland, c o n tra s ts  w ith  th e  position in , fo r  
in s tan ce , Lothian w here no pub lic  supplies a re  tak en  d irec t from  r iv e r  
in ta k e s . In s te a d , v ir tu a lly  all of L oth ian 's w a te r supp lies a re  draw n 
from re s e rv o ir s . G roundw ater so u rces  also te n d  to  be of re la tiv e ly
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g r e a te r  im p o rtan ce  in  some a u th o r ity  a rea s  com pared w ith o th e rs . For 
exam ple in  D um fries a n d  Galloway an d  B orders  Regions the  available 
y ie ld  from  g ro u n d w a te r  so u rces  c o n s titu te s  about 14 p e r  cen t an d  
20 p e r  c e n t r e s p e c tiv e ly  of th e  to ta l y ie ld  availab le . I t  is th e  
re la t iv e ly  low g ro u n d w a te r  u se  (3 p e r  cen t)  across Scotland as a  whole, 
w h ich  s ta n d s  o u t in  com parison  w ith  th e  position in  England and  Wales 
w h ere  some 30 p e r  c e n t of all pub lic  w a te r supplies a re  d eriv ed  from  
g ro u n d w a te r  an d  th e  p o sitio n  in o th e r  European cou n trie s  w here th e  
u sa g e  m ade of g ro u n d w a te r  so u rces  is  ev en  h ig h e r .

As well as  d iffe re n c e s  in  so u rce  ty p e  th e re  are  considerab le  d iffe ren ces  
in  th e  size  of d ev e lo p ed  so u rc e s , from  th e  la rg e s t - Loch Lomond - 
w ith  a  y ie ld  of 455 M l/d , th ro u g h  to  th e  sm allest - some 107 so u rces  
each  w ith  a  nom inal y ie ld  le ss  th a n  0.01 M l/d. T he  15 la rg e s t  so u rces  
p ro v id e  some 53 p e r  c e n t of th e  to ta l available y ield  in  Scotland an d  
th e  to p  90 (12 p e r  c e n t of to ta l num ber) ju s t  over 85 p e r  cen t. F ig u re  
3 i l lu s tr a te s  th e  o v era ll s ign ificance of th e  few v e ry  la rge  sou rces 
com pared  w ith  th e  la rg e  num ber of small sou rces .

DEMAND
TOTAL DEMAND

D u rin g  1992-93, th e  av e rag e  daily  dem and fo r w ater in Scotland was 
2206 M l/d ay . In d u s tr ia l  su p p lies  (m etered p lu s  non -p o tab le ) 
r e p re s e n te d  27% (603 M l/d) of th e  to ta l, w ith  dom estic and o th e r  
u n m e te re d  dem and acco u n tin g  fo r  th e  balance of 73% (1603 M l/d ). 
T ab le  I I  g iv e s  d e ta ils  of th e  av e ra g e  demand (ie  w ater p u t in to  su p p ly ) 
in  each  w a te r  a u th o r ity ’s a re a  o v e r th is  period .
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TABLE 11 : PUBLIC SUPPLIES AVERAGE DAILY DEMAND (Ml/d) 1992/93

Authority
Total

Demand
Potable

Non-potableTotal | Unmetered | Metered
BORDERS 34.5 34.5 25.0 9.5 0.0
CENTRAL 212.8 210.9 121.4 89.5 1.9
D & G/WAY 72.6 72.6 52.0 20.6 0.0
FIFE 144.1 144.1 101.8 42.3 0.0
GRAMPIAN 169.2 169.2 119.4 49.8 0.0
HIGHLAND 100.4 93.5 76.9 16.6 6.9
LOTHIAN 281.6 281.6 213.4 68.2 0.0
ORKNEY 11.3 11.3 7.5 3.8 0.0
SHETLAND 12.3 12.3 9.5 2.8 0.0
S/CLYDE 1028.3 1019.7 775.7 244.0 8.7
TAYSIDE 125.5 125.5 89.1 36.5 0.0
W. ISLES 13 2 13.2 11.7 1.5 0.0
1992 TOTAL 2205.8 2188.4 1603.3 585.0 17.5

Comparison with th e  to tal dem and f ig u re  fo r 1991-92 in d ica tes  a 
reduction  in dem and betw een th e  y ea rs  of some 1.5%; th is  follows a 
2.7% reduction  in  demand th e  p rev io u s  y e a r . The most re c e n t 
reduction  can be linked d ire c tly  to th e  fa ll-o ff in  m etered dem and of 
about 6% - a reduction  in  th is  component b e in g  reco rd ed  b y  10 o u t of 
12 w ater au th o ritie s .

Fig.4 : Scotland's Water Demand Trends

Year

Note: a) Peak demand over period was 2301 Ml/d recorded for ! 979/80 and 1990/91 (A and B) 
b) low est demand over period was 2194 Ml/d recorded for 1987/88 (C)

F igure  4 illu s tra te s  th e  flu c tu a tio n s  in  to ta l dem and reco rd ed  since 
1975-76, the  peak  dem and h av in g  o ccu rred  in  1979-80 and 1990-91 (2301 
M l/d) and  th e  lowest (2194 M l/d) in  1987-88. I t  is of in te re s t to  note 
th a t  unm etered  demand in 1979-80 w as, over the  p erio d , a t th e  low 
end of the  ran g e  fo r th is  com ponent, w hereas th e  m etered dem and th a t 
y e a r  was th e  h ig h e s t o v er the  18 -year p e rio d . O ver the p e rio d  th e
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b a lan ce  b e tw een  u n m e te re d  an d  m etered  potable dem and h as  sh ifted  - 
th e  ra tio  h a v in g  ch a n g ed  from (in  p e rc e n ta g e  term s) 67:33 in  1979-80 
to  73:27 in  1992-93. T h is  ch an g in g  ra tio  is  also re fle c te d  in  th e  long 
te rm  t r e n d s  (1975-1992) fo r th e  two com ponents, th a t fo r m etered  
p o ta b le  dem and b e in g  on a  dow nw ard p ro file  of - 11.2  M l/d /y r  and  th a t 
fo r  u n m e te re d  dem and on a  r is in g  p ro file  of +9.3 M l/d /y r . As can be 
se e n  from  F ig u re  4 th e  to ta l dem and tre n d  for th e  same period  is 
fa llin g  a t  -1 .9  M l/d /y r .  H ow ever, th e  10-year tre n d  u p  to 1992-93 
s u g g e s ts  a  g ro w th  in  dem and of +1.7 M l/d /y r  and  the  5-y e a r  t re n d  a  
g ro w th  of +6.1 M l/d /y r .  While th e se  f ig u re s  ap p ear to convey s lig h tly  
d if f e re n t  s ig n a ls ,  i t  sh o u ld  b e  no ted  th a t  +6.1 M l/d /y r  s till only 
c o n s ti tu te s  a  g ro w th  p e r  y e a r  of one q u a r te r  of one p e r  cen t.

TABLE UI : PER CAPITA DAILY WATER DEMAND 1992/93

Year Population
(x 1000)

Unit Demand (1/h/d) Demand %

Total
Un-

Mctercd

Metered 
and Non 
Potable

Un-
Mctcred

Mctcrcd 
and Non 
Potable

1971 5228 407 266 142 65 35
1973 52)2 421 269 152 64 36
1975 5206 425 274 151 64 36
1976 5205 431 281 150 65 35
1977 5196 439 283 156 65 35
1978 5179 443 288 155 65 35
1979 5167 445 289 156 65 35
1980 5153 434 298 137 69 31
1981 5149 439 308 131 70 30
1982 5166 435 304 131 70 30
1983 5150 434 311 123 72 28
1984 5146 427 30ft 127 7(1 30
1985 5137 428 301 127 70 30
1986 5121 438 313 125 71 29
1987 5 112 429 304 125 71 29
1988 5094 433 309 124 71 29
1989 5090 442 309 133 70 30
1990 5102 451 322 129 71 29
1991 5100 439 313 126 71 29

1992 by Population Added areas
Authority (xlOOO) adjustment
BORDERS 104 104 331.4 239.9 91.5 72.4 276
CENTRAL 273 113 386 551.7 314.7 236.9 57.0 43.0
D & G/WAY 148 148 491.5 352.1 139.5 71.6 28.4
FIFE 349 9 358 402.7 284.5 118.2 70.6 29.4
GRAMPIAN 516 516 328.1 231.6 96.5 70.6 29.4
HIGHLAND 204 204 491.9 376.8 115.1 76.6 23.4
LOTHIAN 751 751 375.0 284.1 90.9 75.8 24.2
ORKNEY 20 20 577.7 383.9 193.8 66.5 33.5
SHETLAND 23 23 544.8 420.6 124.2 77.2 22.8
S/CLYDE 2298 -113 2185 470.6 354.9 115.6 75.4 24.6
TAYS1DE 393 -9 384 326.9 231.9 94.9 71.0 29.0
W.ISLES 29 29 448.6 397.6 51.0 88.6 11.4
1992 TOTAL 5107 431.9 313.9 118.0 72.7 27.3

Note: a) The "Added Areas" in Scotland are defined in the Water (Scotland) Act 1980 (Part 11. Section 3).
An "Added Area" extends the limit of supply of a water authority beyond the regional council 
boundary for the purposes of water supply.

PER CAPITA DEMAND

C o n sid e rin g  to ta l dem and in  a  little  more detail Table III tra n s la te s  this 
in to  p e r  c ap ita  dem and in each a u th o r ity  area fo r to ta l demand and  for 
th e  th re e  com ponents of th a t  dem and. The to ta l demand p e r  capita  fo r
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1992-93 of 432 1 /h ead /d  is a  decrease  of 1.6% on the  co rre sp o n d in g  
f ig u re  fo r 1991-92 and  is th e  second consecu tive  y ear in w hich p e r  
cap ita  demand h as  fa llen . In  th a t  th e re  has been little  change in  
Scotland’s population o v er re c e n t y e a r s , th is  reduction  re fle c ts  th e  
decrease  in m etered an d  non-po tab le  dem and mentioned ea rlie r  u n d e r  
Total Demand.

NON-HOUSEHOLD DEMAND

The annual su rv e y  also seeks details  of th e  types of m e te re d , 
non-household  dem and. F ig u re  5 shows th e  sec to ra l b reakdow n  fo r  
1992-93 of la rg e  in d u s tr ia l u s e rs  of w ater (ie  th o se  talking >1000 cubic  
m etres p e r  q u a r te r  - re p re se n tin g  th re e -q u a r te r s  of sill in d u s tr ia l  
u s a g e ) . While the  m an u fac tu rin g  sec to r h as  continued to  g en e ra te  th e  
la rg e s t demand (226 M l/d) th is  is  only some 75% of th e  dem and re c o rd ed  
from th is  sectxu\ in 1991-92. A more detailed  breakdow n is  g iven  in th e  
annual r e p o r t ' .

Fig.5 : Large Industrial Users

Energy & Water Supply 
(55 Ml/d)

Agriculture 
0 5  Ml/d),..

Services 
(138 Ml/d)

Construction 
(4 Ml/d)

\  Manufacturing 
I (226 Ml/d)

UNACCOUNTED FOR WATER
/ e \

The annual w ater re so u rc e s  su rv e y  fo r  1991-92 included th e  most 
re c en t summary b y  the  D epartm ent on th a t  com ponent of w a te r p u t in to  
su p p ly , th e  use of w hich was not accoun ted  for -  "unaccounted  fo r 
w ater" (UFW). Before th a t  r e p o r t ,  UFW, acro ss  Scotland, h ad  been  
estim ated to  be of th e  o rd e r  of 40 p e r  cen t of to ta l dem and. I t  is  
im portan t to b e a r  in mind th a t  the  term s leakage and UFW a re  no t 
synonym ous, even  although  leakage accounts fo r  th e  bulk of UFW. I t  
is also re lev an t to note th a t  th e  leakage elem ent of UFW includes b o th  
system  leakage in  mains an d  re se rv o irs  an d  su p p ly  p ip e  leakage (S P L ); 
th is  d istinc tion  is  becom ing more prom inent as w ater u n d e r ta k e rs  
th ro u g h o u t the  UK seek  to id en tify  th a t frac tio n  of leakage , from  
a p p a ra tu s  fo r  which th ey  have a  d irec t re sp o n s ib ility  for r e p a ir .  In  
th e  1991-92 re p o rt a 5 p e r  cen t allowance was made for non-dom estic , 
n on-m etered  w ater u sed  leg itim ately  (in c lu d in g  u sag e  for opera tional 
p u rp o ses  su ch  as flu sh in g  mains o r fo r p ub lic  ac tiv ities su ch  as fire  
f ig h tin g ) . Lack of da ta  p re v e n te d  any  d istinc tion  b e in g  draw n betw een  
system  leakage and  SPL. A dopting th e  rev ised  allowance fo r  dom estic 
consum ption of 148 1 /h e ad /d , UFW on an all-Scotland  b a s is  was 
estim ated  a t 33% fo r 1991-92. If SPL w ere assum ed a t  the same level as
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u s e d  in  E ng land  a n d  W ales, th e  S co ttish  UFW fo r  th e  su p p ly  system  
w ould d ro p  to  a b o u t 28%. T h is  position  will be rev iew ed as p a r t  of th e  
D e p a rtm en t’s  lo n g  te rm  rev iew  of dem ands a n d  re so u rces  (see  la te r ) .

DEMAND/YIELD RATIO

C om bining th e  re c o rd e d  d a ta  fo r  to ta l y ield  across Scotland fo r 1992-93 
(3560 M l/d) an d  th e  dem and p laced  on developed pub lic  su p p ly  sou rces 
(2206 M l/d ) , g iv es  a  dem and to y ie ld  ra tio  of 0 .6 2 . While th is  ra tio  
in d ic a te s  th a t  S co tland  as  a  whole is in  a rea so n ab ly  com fortable 
p o s itio n  in  te rm s of w a te r  r e so u rc e s , i t  is  im portant to b ea r  in mind 
th a t  th is  does n o t n e c e ssa r ily  re f le c t th e  s ituation  p rev a ilin g  a t th e  
local le v e l. A s lig h tly  more local p ic tu re  is revealed  in F igure 6 which 
g iv e s  d em an d /y ie ld  ra tio s  fo r  each  a u th o r ity  area in  1992-93. H ow ever, 
e v e n  th is  te n d s  to  m ask th e  problem s in some su p p ly  a reas  w here , on 
o ccas io n , an  a u th o r i ty 's  ab ility  to m aintain an  ad equate  su p p ly  of w ater 
h a s  b een  s t r e tc h e d .  For in s ta n c e , au th o ritie s ' re so u rces  w ere 
p a r t ic u la r ly  s e v e re ly  te s te d  d u r in g  th e  1984 d ro u g h t w ith only 
L o th ian  an d  S h e tlan d  no t re p o r tin g  an y  sign ifican t p rob lem s. A 
com parison  of th e  dem and /y ie ld  ra tio  given in  F ig u re  6 fo r , fo r 
in s ta n c e ,  C e n tra l R egional Council (0 .53) with th a t  obtained  from the  
d a ta  fo r  a c tu a l y ie ld  from  Table I and dem and from Table II 
(d e m an d /y ie ld  ra tio  of 1 .1 ) dem o n stra tes  the  im portance of th e  w ater 
su p p lie d  to C en tra l a n d  o th e r  a u th o ritie s  by C en tra l Scotland Water 
D evelopm ent B o ard .

H is to rica lly , i t  is  of in te re s t  to no te  from F igu re  7 th e  change in th e  
d em an d /y ie ld  ra t io  from  th e  0 .7  f ig u re  reco rd ed  d u r in g  th e  1970s and  
e a r ly  80s to th e  m ost r e c e n t ra tio  of 0 .62 , th e  lowest reco rd ed  in th e  
la s t  20 y e a r s .  While th e re  h as  been  an  overall in c rease  in  th e  yield 
av a ilab le  o v e r  th e  p e rio d  since  1977 (3222 M l/d to 3560 Ml/d - a 10% 
in c re a se )  i t  n ee d s  to  b e  b o rn e  in mind th a t th is  has tak en  place ag a in s t 
a  b a c k g ro u n d  of re la tiv e ly  small change in  to tal dem and.

Fig.6 : Demand / Yield Ratio

Ml/d

Yield include* CSWDB supplies
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THE NRA ROLE

The NRA is the licensing authority for w ater abstraction. It has a sta tu to ry  
duty to secure the proper use of water resources which includes:

•  assessing the need for new developments,
•  ensuring that the most appropriate schemes are licensed, taking into 
account the environm ental impact of new developments and the impact on 
existing users.

The financing, prom otion and development of new schemes will norm ally be 
the concern of the main beneficiaries. The N R A  will however ensure that the 
needs of smaller abstractors are not overlooked.
The initiative for developing new schemes will rest with:
•  a water com pany o r consortium  of water companies;
•  other private sector investors.

THE DEMANDS
PUBLIC WATER SUPPLY Particular attention has been given to the identification of possible future public 

water supply needs since this is the largest demand of any purpose as show n in 
Figure 1.

Figure 1

WATER ABSTRACTION BY PURPOSE 
(NON'TJDAl SURFACE WATER 
AND GROUNDWATER ONLY)

The principal factors which have an influence on public water supply demand are:

•  population growth and household size;
•  consumption per person;

•  levels of domestic metering;
•  levels of leakage from distribution systems and 

consumers’ plumbing;
•  the level of economic activity;

•  gardening habits.

the past, it has generally been the practice to 
develop new resources to keep ahead of the 
rise in demand. N ow , however, it is 
considered more appropriate to identify what 
steps can be taken to control dem and and 
therefore to see if new developments are 
really necessary.

As a result of this, three dem and scenarios for 
water supply have been produced.

HIGH the growth in demand assuming relatively high rates of growth in domestic and 
non-domestic consumption and no (or negligible) increase in current demand 
management activity.

M EDIUM  the growth in demand assuming a moderate growth in domestic and
non-domestic consumption, limited domestic metering and reduced leakage.

LOW the growth in demand assuming moderate growth in domestic consum ption, no 
increase in non-household consumption, moderate domestic metering and 
further reduced leakage.
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I

Porter' siaiion at Meaford.

Using these scenarios the possible range of demand in the next 30 years is 
show n in Figure 2. It is encouraging that the N R A ’s Low scenario is similar to 
the aggregated forecast made independently by the Water Companies.

Figure 2

SUPPLY AND DEMAND FOR PUBLIC WATER SUPPLY - 1961 TO 2021

i i i i i l i i i l i i i i i i i i i i i
1941 1964 1967 1970 1973 1974 I9B0 1983 19B6 1989 1992 1995 1998 7001 2004 2007 2010 2013 2016 2019 2022

Year
KHlofk supply low demand uenario High demand ueowio Median demand utnc/io

RESOURCES AND DEM AND BALANCE C urrently  there is a surplus of public water supply resources as shown in
Figure 3. However in future, given the possible range of increases in public 
water supply demand shown in Figure 4, supply deficits could occur.

The development of small water resource schcmes local to specific areas of 
demand will go some way towards addressing these potential deficits. These so 
called ‘local options’ are numerous but will nevertheless require rigorous 
examination on environmental and economic grounds before they can be 
developed. However if all such local options were to be developed then the 
outstanding water resources deficits would be similar to those shown in Figure 5 
and for the High and Medium scenarios would require strategic water resource 
developments to redress the balance before the end of the planning period (2021)

Figure 3

THE PRESENT SURPLUS
(PRESENT REGIONAL AVERAGE PUBLIC WATER SUPPLY
SURPLUS AS A PERCENTAGE OF 1991 DEMAND)

Figure 4

THE GROWTH SCENARIOS 
(INCREASE IH AVERAGE PUBLIC WATER SUPPLY DEMAND TO 202) UNDER A 
RANGE OF DEMAND SCENARIOS EXPRESSED A %  OF 1991 DEMAND)
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A summ ary of the potential growth in public water supply demand is shown below.

Table 1

Demand Scenario Average Growth to overage Public 
Water Sapply Demand to 2021
(expressed as % of 1991 demand)

Potential Shortfall is Scpply 
(M l/d )

assuming 'local' resource options are developed

High
•  Ho (or negligible) demand management
•  High growth in domestic consumption
•  High growth in non-domestic consumption

25% 1110

Medium
•  Some demond management
•  Moderate growth in domestic consumption
•  Moderate growth in non-domestic consumption

10% 142

Low
•  Increasing demand management
•  Moderate growth in domestic consumption
•  Ho growth in non-domestic consumption

2% 0

DEMAND MANAGEMENT One of the main differences between the three demand scenarios is the extent of 
demand management. M odest levels of domestic metering and leakage control 
can have a significant cffect on the requirement for new resource developments.

This cffect Is so marked that a proper consideration of dem and management 
measures must be a primary clement in an environmentally sustainable water 
resources strategy.

ALLEVIATION OF LOW FLOWS

Figure 5

EGIC DEFICITS
SHORTFALL IN AVERAGE PUBLIC WATER SUPPLY YIELD IN 2021 UNDER A 
MAND SCENARIOS AFTER LOCAL RESOURCE OPTIONS ARE DEVELOPED
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These d a ta  arc a su m m a tio n  of sh o rtfa lls  a t D em and  C en tre  level and 
represent t h :  a m o u n t of dem and in  th e  region th a t w ould need to  be met 
from  s trateg ic sources.

The NRA is committed to alleviating the problem of low flow rivers caused by 
excessive abstraction. These problems were generally caused by abstractions 
authorised by Licences of Right granted under the W ater Resources Act 1963.
A total of 300 megalitres per day has been taken from the existing available 
resources to account for the loss of yield in varying or revoking licences to 
improve these problem  rivers.

Climate change could influence the w ater resources development strategy. 
However given current uncertainties in the validity of some predictions, it is 
thought that there is insufficient eveidence available to allow assumptions about 
climate change to  be incorporated w ithin this strategy.

Sailing on reservoir.
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IN D U S T R Y , AGRICULTURE  
AND POWER G ENERATIO N

O PTIO N S FOR M EETING  
SPRAY IR R IG A T IO N  DEMAND

IN VESTM ENT IN NEW RESOURCES: 

M A NA G EM ENT IN IT IA T IV E S :

IM P R O V E D  EFFICIENCY:

For the other three significant demands on water resources; namely industry, 
agriculture and pow er generation (mainly cooling), only agriculture has been 
forecast to show any significant increase in the next 30 years. Approximately 
70% of agricultural demand in a d ry  year is for spray irrigation and Figure 6 
shows how this is expected to rise in the next 30 years.

Figure 6

FORECAST IRRIGATION DEMAND FOR 2021 BY NRA REGION
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The main options for meeting future demand includes:

•  on-farm w inter fill storage by individual farmers;
•  medium scale local development by co-operative ventures;
•  shares in strategic developments;

•  cash paym ents between farmers to  ‘buy out' water rights;
•  pooling licences by groups of farmers;
•  improved management of resources;
•  incentive charges to control demand;
•  reallocation of resources through tradeable permits.

Some of these initiatives could only be introduced if there is a change in the 
controlling legislation.

•  improved irrigation techniques in terms of time of application, and technical 
improvements in irrigation systems.

THE DEVELOPMENT 
OPTIONS AND THEIR 

ENVIRONMENTAL EFFECTS

DEVELOPMENT O PTIO N S The N R A  has identified a number of strategic water resource developments to 
meet possible deficits in supply should demand management prove ineffective. 
These are show n in Figure 7. -

EN VIR O NM EN TA L APPR AISA L A prelim inary environmental overview of existing environmental assessments
has been completed to enable comparisons to be made o f the environmental 
implications for each o f the possible strategic developments. The purpose of the 
assessment is to  highlight the key environmental issues which may favour or 
discriminate against particular options.
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Figure 7

STRATfGIC OPTIONS CONSIDERED IN TK! STRATEGY
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Some of the key issues arising from  the prelim inary assessm ent relate to the:

•  effect on  flora and fauna o f m ixing w ater of d ifferent chem istries;
•  transfer of species and diseases betw een catchments;
•  loss of terrestrial habitats due  to reservoir construction;
•  effect of changed river flow s on fish m ovem ent;
•  environm ental benefits w hich can be obtained from  specific developm ents.

For a num ber of the strategic options, the environm ental im pact will be 
dependent upon  the size of schem e required  which in tu rn  depends on  the 
dem and to  be m et. It is an inescapable fact how ever tha t all reservoir 
construction  and inter-basin transfers will have som e im pact on the aquatic 
environm ent. If a policy  of ‘no  change’ is seriously p roposed , it w ould  m ean 
that no developm ent could be suppo rted . T he central issue fo r the N R A  
therefore is to  question  the need for the developm ent and the scale and 
significance of any environm ental change which m ay occur.

It is essential that fu rth e r op tio n  specific studies are u ndertaken  to  im prove the 
understand ing  o f the environm ental im plications fo r the  likely developm ents.

THE STRATEGY The key messages em erging from  the stra tegy  are that:

•  there is strong  possibility  tha t dem ands can be m anaged to  avoid the need for 
large scale w ater resources developm ents over the next 20 years o r so;

•  w ater com panies m ust be requ ired  to  achieve econom ic levels o f leakage and 
m etering before new  abstrac tion  licences are granted fo r strategic developm ents;

•  the N R A  m ust take a p roactive role in p rom oting w ater use efficiency in 
industry , com m erce, agricu ltu re  and in the  home;

•  environm ental considerations will be crucial, w here in d o u b t a p recau tionary  
approach should  be adopted;
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WAY FORWARD

•  the attitude of companies to involvement in strategic transfer schemes with 
other companies as opposed to being in control of their own resources is an 
im portant factor;

•  early planning of some major resource developments is necessary.

Included w ithin the conclusions of the strategy arc that:

•  By far the greatest need for additional water resources, should a High or 
Medium dem and scenario materialise, is in the Thames catchment. Although a 
new reservoir in the Thames Valley has been proposed, serious consideration 
still needs to be given to alternative ways of developing a resource to meet a 
future need. In cost terms a transfer from the River Severn to the River Thames 
is a possible alternative, but the environmental implications appear to be greater 
than for a reservoir. A detailed environmental impact study of-this option needs 
to be carried out urgently. ■

•  The partial redeploym ent of Vyrnwy reservoir, which is currently used as an 
im portant good quality gravity supply to the N orth  West has been considered. 
However, it is not recommended that early plans arc developed id redeploy this 
reservoir for regulation of the River Severn. However, partial Vyrnwy 
redeploym ent would appear to offer a good contingency source 'in that it could 
be brought on line relatively quickly if the need arises, provided supplies within 
N orth  W est region could be switched to  make up any supply shortfall from 
Vyrnwy reservoir.

•  A new resource for East Anglia will be needed under the High and Medium 
demand scenarios. Although analysis has so far been based upon the Great 
Bradley reservoir location, investigations are at an advanced stage concerning an 
alternative site on the fens. The results of these investigations arc not known at 
present, but early selection of a preferred option is essential.

•  British W aterways (BW) have undertaken engineering studies of possible 
canal transfers from the Midlands to East Anglia and the Thames area. Large 
scale transfers via the canals arc m ore expensive than other options mainly 
because of the cost of bringing spare water to the canals (eg, via a possible River 
Severn to River T rent transfer). Transfers via canals would not.be without 
environmental problem s but, providing these could be overcome, it is possible 
that they could be used for small scale transfers. / '  ‘ .

There is much m ore w ork to be done and the strategy identifies a number o f - 
specific proposals for the next 5 years. The most im portant of these arc: - -

•  to give renewed impetus to the prom otion of water efficiency; •

•  to address environmental issues in readiness for new developments should 
demand management prove ineffective;

•  to give particular attention to the agricultural need for water, especially spray 
irrigation in eastern England;

•  to review the feasibility, cost and environmental impact of local schemes and 
to compare them with the strategic options;

•  to see that this strategy can be built upon in order to help ensure secure water 
supplies and a better water environment.

For further copies please contact your local NRA office.
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Fig.9 : Average Daily Domestic Water Usage
Drinking & Cooking Gardening/Car-washing 

5 litres 1 l,lre

Laundering 
37 litres y

W.C. Flushing 
4? litres

Dishwashing 
12 litres

Personal Washing 
50 litres

Total = 148 litres / person / day

FUTURE INSTITUTIONAL ARRANGEMENTS

At the time of w ritin g  (M arch 1994) the  Local G overnm ent e tc  
(Scotland) Bill is b e ing  co nsidered  b y  Parliam ent; th is  con tains 
p rov isions fo r the  form ation of th re e  new w ater an d  sew erage 
a u th o ritie s  - E ast, West and  N orth  W ater A uthorities -  ly in g  o u tside  
local governm ent. In addition  to ta k in g  on functions of th e  p re s e n t 
w ater a u th o r itie s , the  new au th o ritie s  will subsum e the fu n c tio n s  of th e  
C en tra l Scotland Water Development B oard . In ev itab ly , th e  new 
au th o ritie s  will tak e  a s tra te g ic  look a t w ater reso u rces  to  determ ine if: 
any  changes need  to  be  made e ith e r  to th e  reso u rces  them selves eg  
ra tionalisa tion  of the  num ber o r  type  o f , s o u rc e s , o r  to th e  m anner in  
which the  w ater su p p ly  se rv ice  is d e liv e red . It would be p rem a tu re  to 
o ffer a view on th is  a sp ec t b u t  the  D epartm ent will ce rta in ly  m aintain 
its  overview  of w ater re so u rce s  up  to  an d  beyond  the r e s t r u c tu r in g  
date - 1 A pril 1996.

C o n cu rren tly  w ith th e  estab lishm ent of new w ater an d  sew erage 
au th o ritie s  th e  S ec re ta ry  of S tate  fo r  Scotland has announced  h is  
in ten tion  to es tab lish  a  S co ttish  Environm ent P ro tec tion  A gency (SEPA ). 
It will be responsib le  fo r  those functions p re se n tly  carried  ou t b y  r iv e r  
pu rifica tion  a u th o r itie s , H er M ajesty’s In d u s tr ia l Pollution In sp e c to ra te  
and  will tak e  over the  d is tr ic t  and  islands councils ' resp o n sib ilities  fo r 
w aste regu la tion  and  a ir  q u a lity .

The D epartm ent co n su lted , J a s t  y e a r  on SEPA b e in g  g iven  add itional 
ab s trac tio n  contro l pow ers . T hese a re  modelled on th e  p ro v is io n s  
fo r th e  con tro l of a b s tra c tio n s  fo r irr ig a tio n  contained in  th e  N atu ra l 
H eritage (S co tland) Act 1991. The p ro p o sa l is to  adopt a  se lec tiv e  
ap p ro ach , lim iting ab s tra c tio n  licensing  a rran g em en ts  only  to  a re a s  
w here SEPA can make out a  good case th a t  such co n tro ls  a re  
n e cessa ry .
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CONCLUSIONS

T h e  d em an d /y ie ld  ra tio  of 0.62 fo r  Scotland for 1992-93, com bined w ith 
a  lo n g  te rm  h is to r ic  g ro w th  in  dem and hovering  aro u n d  zero , implies 
li t t le  need  fo r  ac tio n  to  augm ent re so u rc e s . However, i t  is im portan t 
fo r  w a te r  a u th o r it ie s  to  m onitor local c ircum stances, s ince th e  
d em a n d /y ie ld  p o sitio n  in  some a re a s  is  n o t so favourab le . An additional 
in flu en c e  h e re  is  th e  s ta tu to ry  obligation  to im prove th e  q u a lity  of 
w a te r  p u t  in to  s u p p ly ;  th is  h a s  led to  au th o rities  rev iew ing  raw  w ater 
so u rc e s  to  a s c e r ta in  if  th e re  a re  b e n e fits  to be  had from  ch ang ing  
so u rc e s  e i th e r  on a  s tr a ig h t  rep lacem en t basis  or p o ssib ly  as p a r t  of a 
m ore e x te n s iv e  ra tio n a lisa tio n  of re so u rc e s .

N atio n ally , i t  is im p o rtan t fo r  th e  D epartm ent to m aintain its  overview  
of dem and a n d  to  b e  ab le  to  acco u n t fo r  any  significant changes which 
o c c u r . As d e sc r ib e d  in  th is  p a p e r  th is  is b es t done on a  com ponent b y  
com ponent b a s is .  P a r tic u la r  a tte n tio n  has been  paid  to dom estic 
con su m p tio n , w ith  th e  D epartm en t’s 1991 s tu d y  in d ica tin g  a median 
f ig u re  of 148 1/h e a d /d a y .  Leakage is ano ther im portan t component of 
d em an d . In  E ng land  an d  W ales, th e  UK Water In d u s try  Leakage 
In itia tiv e  h a s  led  to  all a sp e c ts  of leakage being  exam ined in  de ta il. 
S c o ttish  a u th o r it ie s ,  to g e th e r  w ith  th e  D epartm ent, a re  k eep in g  a  close 
ey e  on d ev e lo p m en ts . I t is fo r  individual w ater a u th o ritie s  to 
d e te rm in e  th e ir  re sp o n s e  to th e se  b u t  i t  would n o t be u n reaso n ab le  to 
e x p e c t them  to  seek  to  re d u ce  leakage in th e ir  w ater d is tr ib u tio n  
sy stem s  to  th e  lev e l deem ed to  be econom ic. P ro g re ss  in th ese  and  
o th e r  a re a s  will b e  co v ered  in th e  re p o rt of th e  p re se n t review  of 
dem ands an d  re s o u rc e s .
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THE EVOLUTION OF WATER RESOURCE DEVELOPMENT 
IN NORTHERN IRELAND

by H R F Piester, BSc, FICE, FIWEM, Director of Water Executive DOE (NI)
& C J A Binnie, MA, FICE, FIWEM, Managing Director WS Atkins Water

ABSTRACT

There is no shortage of basic resource in Northern Ireland since average rainfall across the 
Province varies from some 900mm to 1100mm per annum, east to west. However, as 
elsewhere, there is a constant need to ensure the provision of adequate water sourceworks.

In 1973 the Water Executive of the Department of the Environment for Northern Ireland 
took over responsibility for the water and sewerage services previously controlled by some 
76 local and district authorities. Source schemes inherited, in some cases, reflected the 
parochial nature of the promoters rather , than the wider regional approach. Upland 
impoundments were traditionally favoured and still account for 40% of all sources. 
Freshwater loughs were also used and Lough Neagh, the largest freshwater lough in the 
British Isles, accounts for 27% of all public supplies, with other loughs contributing a 
further 9%. River intakes at 13% and groundwater and springs at 11% make up the 
remaining sources.

The Water Executive commissioned a major study of water demand and supply in 1983 and 
have, with their current consultants W S Atkins, recently produced a new Water Resource 
Strategy for the Province. This paper outlines how water resource developments have 
evolved in Northern Ireland and describes the approach and recommendations of the study.

KEY WORDS: Northern Ireland; water resource; water demand; leakage; source yields; 
resource strategies. ' * '

INTRODUCTION

In Northern Ireland responsibility for the supply and distribution of water rests with the Water 
Executive of the Department of the Environment.

The total population of Northern Ireland is almost 1.6 m of whom 1.54 m are normally resident 
in approximately 530,000 private households. Almost 99% of these receive public water 
supply. In total the Water Executive currently supplies about 700 Ml of potable water every day 
from 67 sources (including groups of boreholes). The main sources are shown in Figure 1.

Operational management, including water supply, is the responsibility of four Divisions. Almost 
50% of the population are resident in the Eastern Division and use approximately 340 Ml of the 
total, the bulk of this being consumed in the Greater Belfast area. Demand for water has been 
increasing and this trend is expected to continue. The Water Executive has therefore been 
planning towards augmentation of its resources particularly those which currently supply the 
Eastern Division.
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The promotion of a scheme for the Eastern Division was the main factor leading to the review 
in 1992 of the Executive’s water resource strategy for Northern Ireland. This paper outlines the 
evolution of water resource developments in the Province and describes the strategy that has 
been developed.

BACKGROUND TO WATER SUPPLY IN NORTHERN IRELAND

The development of water resources in Northern Ireland reflects, in many ways, the social and 
industrial development of the province. The first reference to a piped public water supply dates 
back to 1678 when George McCartney raised the sum of £250 to lay 200 perches of wooden 
water pipe from the Tuck Dam to serve part of Belfast which then had a population of some 
7,000 people.

During the next 100 years the development of the system was very fragmented and suffered 
greatly through difficulties in being able to collect charges for water supplied. The business 
proved so unprofitable for individuals that in 1791 the recently formed Belfast Charitable 
Society, realising the importance of clean water, undertook responsibility for its supply. 
Legislation was enacted to allow the levying of a water rate and to renovate and develop new 
spring sources. At that time demand forecasting was based on each person using approximately
3.5 gallons per day.

By 1830 the population of Belfast exceeded 70,000 and was growing rapidly, and in 1840 an Act 
of Parliament established the Belfast Water Commissioners with powers to levy rates and acquire 
water rights. The Commissioners were unique in that they were the only Water Board in the 
British Isles who were directly elected by rate payers.

Whilst the demands for clean water increased rapidly during the early eighteen hundreds, so did 
the demand for power to drive mills and factories throughout the Province. It is interesting to 
note that a number of the reservoirs, built for river and canal regulation and to provide power 
to the linen mills, are today used for water supply purposes.

The town of Belfast and its population continued to expand rapidly and between 1865 and 1890 
the Woodbum catchment at Carrickfergus became the first source located outside the 
Commissioners’ statutory boundary. It is also the first of the early eastern sources remaining 
in service today. Development at levels higher than could be supplied by the Woodbum system 
or other existing sources led to development of the Stoneyford and Leathemstown catchments 
by 1890.

Demand continued to increase sharply and the Commissioners (by then the Belfast City and 
District Water Commissioners) commenced development of the Moume catchments at the turn 
of the century. Construction of the Silent Valley Reservoir was delayed by the Great War and 
was not completed until 1932. Later developments of these catchments included construction 
of the Bignian tunnel in 1953 to transfer water from the Annalong catchment for storage in 
Silent Valley, and the Ben Crom Reservoir in 1957, to increase storage capacity and yield of the 
system.

By that time the Commissioners were supplying water not only to their statutory area but also 
in bulk to areas outside such as Lame, Lisburn and most of County Down.
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Parallel, smaller scale resource developments took place outside Belfast, and the eastern area, 
with more than 70 individual authorities being responsible for water supply. The first record of 
a public water supply for Londonderry, dates back to 1808 when the Corrody reservoir was 
constructed on the east side of the River Foyle. The supply was piped across the then wooden 
Foyle Bridge to the west side where most of the people lived. From 1849 to 1887, the three 
Creggan reservoirs were built to supply the growing west bank. These reservoirs have only very 
recently been taken out of commission for public water supply and now are used for recreational 
purposes. The Glenhordial and Altnaheglish sources were developed in 1880 and 1934 
respectively.

Many of the sources are still in operation today and, in addition to those already mentioned, 
include the Fofanny and Spelga reservoirs (1909 and 1957) which supplied the Newry and 
Portadown area, the Castor Bay (1950s) abstraction from Lough Neagh serving the Craigavon 
area. The most rapid,expansion of the distribution systems took place between 1968 and 1978 
with extensive use of uPVC pipe in rural areas.

Due to the concentration of population in Belfast and its environs, the need for major source 
developments has generally continued to be greatest in the Eastern Division. During the 1960s 
industrial development played a major part in the first use of Lough Neagh for water supply to 
the eastern area by development at Dunore Point near Antrim.

Drought action curves are available for all of the main reservoirs. However, early in 1980, the 
W ater Executive, working closely with the Water Research Centre (WRc), developed a 
conjunctive use mathematical model for the Eastern Area water supply system. Initially, the 
model sought to optimise demand, storage, and compensation flows. However, it was quickly 
developed to give information on the most economic way of using upland and lowland sources 
and also take account of the risk of source failures.

The combination of upland gravity sources and low level pumped supplies continues to form an 
important feature of the overall resource strategy. Interconnecting pipework in Belfast, 
Londonderry, and parts of Northern and Southern Divisions has given more robust supply 
systems .and cost effective use of sources.

In October 1973, responsibility for all water and sewerage services in Northern Ireland passed 
to the Ministry o f Development, later to become the Department of the Environment.

For many years demand forecasting tended to rely substantially on the extrapolation of past 
trends with weight also being given to movement of population and industrial growth patterns. 
In many instances this approach served the Water Industry well. Recently the identification of 
the various elements of demand and leakage have received more searching scrutiny, and much 
work continues to, be done in more meaningfully accounting for each of the various elements of 
demand.

During the 1970s demand continued to increase and plans to abstract further water from Lough 
Neagh, at Tunny Point, were well advanced when rising electricity prices prompted the Water 
Executive to consider possible alternative cheaper sources.
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A proposal to abstract water from the Upper Bann at Kinnahalla on the north side of the Moume 
Mountains was not allowed by the Water Appeals Commission in 1980. Coincident with this 
decision, an economic decline led to the closure of a number of large water-using industries, 
notably Courtaulds and ICI at Carrickfergus. The resulting savings together with the small scale 
borehole development of the Lagan Valley aquifer enabled the Water Executive to continue to 
meet demands.

However, the underlying trend in demand was still upwards and the Water Executive was 
anxious to develop sufficient new resources to ensure that demand could be met. This concern 
led to the appointment in 1983 of engineering consultants (Sir Alexander Gibb & Partners) in 
association with a firm of management consultants (Deloitte Haskins and Sells) to assess and 
report on the water supply needs for the Province with particular reference to the Eastern Area..

Local area water supply studies had been prepared during the 1970s but the consultants’ report 
(known as the Gibb Report) effectively became the Water Executive’s first "global" water 
resource strategy. It concluded that preparations for introducing new source developments for 
the Eastern Area should be initiated taking account of the potential for leakage reduction.

LEAKAGE CONTROL

The first reference to legislation dealing with leakage control dates back to 1817, when the 
Belfast Charitable Society (later known as the Spring Water Commissioners) were empowered 
to enter private property to "prevent wastage of water". A number of the larger water authorities 
had "uniformed s ta ff whose particular duties entailed leakage control and the inspection of 
plumbing fittings.

In common with the water utilities in the rest of the UK, leakage has for many years been 
recognized as the reason for significant quantities of water being lost from the system. In the 
1970s, work began in earnest to subdivide the various distribution networks into a 
comprehensive system of waste districts for monitoring and control of leakage. Efforts were 
initially concentrated in the Greater Belfast area but the system was gradually extended until it 
covered all of Northern Ireland in the 1980s.

The early efforts were rewarded with savings of approximately 30 megalitres per day but it was 
clear that success would be limited without additional resources. The Gibb Report endorsed this 
view and recommended additional staff resources which were provided during 1985. Their 
impact was marked and target leakage levels were rapidly achieved. This early success enabled 
lowering of the targets and has continued leading to further downward revisions.

However, the lower the rate of leakage the more difficult that leakage is to detect and the point 
is being approached where it may be more economic to provide additional water sources than 
to further increase efforts in leakage control

It is worth noting that the significant reduction in leakage from the distribution system has not 
always been matched by an equal reduction in total water demand. This suggests that the 
underlying increase in consumption levels was greater than anticipated .
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NEW SOURCE PROGRESS

The preparations recommended by Gibb were source identification, outline design and the 
documentation required for public inquiry. These steps, together with the need for large sums 
to be invested to enable existing sources to comply fully with the EC Drinking Water Directive 
and the consequent desire to rationalise the very large number of sources, have prompted the 
latest water resource strategy.

Following extensive economic evaluation and a comprehensive environmental assessment of the 
identified source options, Water Executive has decided to develop a new source involving 
abstraction of water from Lough Neagh at Hog Park Point. The next step will be publication of 
the statutory notice of intention to abstract water. It is likely that this will be followed by a 
public inquiry and it will be necessary to prove to interested parties that the development is 
required. The expenditure will also have to be justified internally. It was recognized from an 
early date that these proofs would require the demand projections to be updated from those 
contained in the Gibb Report.

In 1973, the Water Executive inherited a large number of small sources. Within the EC 
compliance programme, it would be desirable to take the opportunity to phase out many of the 
minor, less economic sources. In 1992, W S Atkins were appointed to advise on the 
development of a new water resource strategy for Northern Ireland.

THE 1992 WATER RESOURCE STRATEGY
BRIEF

The brief for the study was wide ranging and included: -

1. Review of source yields and operating margins for resource planning purposes.

2. Review of capital works programme proposed for EC Drinking Water Directive 
compliance, including identifying sources which could be abandoned on 
economic grounds.

3. Audit of water demand for the demand forecasting base year including 
assessing:-

a. Accuracy of the source works meters.

b. Domestic water consumption.

c. Industrial/commercial sector metered consumption.

d. Under registration of consumers meters.

e. Water Executives’ leakage control programme and recommend new 
target levels.
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4. Recommend appropriate demand management methods.

5. Propose demand forecasting methodology, review existing demand projections, 
and make new demand forecasts from the base year to the year 2021.

6. Identify surpluses and deficits of yield against projected demand.

7. Review the currently proposed resource schemes and identify other options as 
appropriate.

8. Economic appraisal of the strategy options.

9. Recommend future water demand monitoring data recording and dissemination.

10. Report on the potential effects of the introduction of an abstraction licensing and 
charging policy.

The Water Executive required confirmation of the programme for bringing on stream the major 
new source to supply the eastern area of the Province. The success of the Water Executive’s 
leakage reduction programme, coupled with a steady decline in major water using industry in 
the eastern area, meant that the requirement for a major new source for the eastern area had 
been delayed to beyond the mid 1990’s, the latest timing predicted by the Gibb Report in 1984.

CURRENT AND FUTURE WATER DEMAND

POPULATION

The publication of the 1991 Northern Ireland Census returns assisted the conclusions on the 
household unmeasured use element of water delivered. They were used as the basis of the 
population projections over the study period to 2021. The total population in 1991 was 
1,577,836 and in 2021 is estimated to be 1,802,000. The 1991 population in private households 
was 1,540,000 people in 530,000 households, this was 51,000 fewer than the 1984 report 
projection. In 2021 the respective figures will be 1,759,000 in 701,000 households, and the 
average house occupancy rate will drop from 2.9 to 2.5 persons per household.

PER CAPITA CONSUMPTION

A zonal metering study was carried out using 73 zones and a sample size of 3,100 properties. 
This enabled a relationship between per capita consumption and house type, which was used as 
a surrogate for the socio economic groupings of the occupants, to be developed. Market 
research techniques were used to collect data on the houses and households in the zones and a 
weekly diary of water usage was completed by some 500 persons in 211 households. 
Components of water use were identified and compared with data from elsewhere.

The results gave an average figure for Northern Ireland per capita domestic consumption of
137.5 1/ph/d.
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HOUSEHOLD MEASURED AND UNMEASURED DEMAND

Households in Northern Ireland are generally unmetered, the only households where 
consumption is measured are those with associated non household usage and are almost 
exclusively farms. The demand for water in measured and unmeasured households has therefore 
been estimated from the population in private households and the per capita consumption figures. 
Double counting the agricultural household element in each demand zone was avoided. The 
household demand in 1992 has been estimated to be 214 Ml/day amounting to 33% of 
distribution input. By the year 2021 the figures will be 306 Ml/day and 37% of the distribution 
input.

NON HOUSEHOLD MEASURED DEMAND

There are some 72,000 water meters in Northern Ireland on non household measured supplies. 
Meters are read either monthly or six monthly and data held by the Water Charges Branch of 
the W ater Executive was analyzed to ascertain the measured demand for 1992.

Four main usage categories were used for the purposes of forecasting future growth, 
agricultural, industrial, commercial, and public sector. For each category an analysis was made 
of the existing and future economic and sociological situations affecting water demand.

Commercial meter accuracy was estimated by in situ and bench testing. The results found an 
under registration of 4.5% and this was applied in the analysis.

NON HOUSEHOLD UNMEASURED DEMAND

Analysis of the properties that were metered show that out of approximately 72,000 meters 
installed 61,000 were read in 1992, of these 44,600 were agriculture meters and only 16,200 
were commercial, industrial and public sector meters. There are approximately 41,500 farm 
holdings in the Province and 48,800 commercial, industrial and public sector properties. Thus 
a significant number of non household properties are not measured, because their water usage 
is too small, consuming less than 200 cubic meters in 12 months. Unmeasured non household 
demand was then*estimated using a statistical approach.

DEMAND FORECASTS

The study produced water balances for each division, by comparing the water supplied, 
measured by source works meters, with the estimations of water used. The elements of total 
demand were then projected, using a componental approach where applicable, to produce the 
results shown in Fig. 2.

LEAKAGE

The 1984 report found leakage levels ranging from 40 - 23 litres/property/hour (1/pr/h), and 
recommended that these be reduced to range of 22 - 13 1/pr/h. The necessary financii and staff
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Year 1 & 2 1999 2001 ^ 2 0 W r 2 0 H 2010 2021
Parameter ! Unit

H O U S E H O L D  U N -M E A S U R E D I Ml/day 213.89 227.56 241.76 256 24 269.98 286.72 305.63

N O N -H O U S E H O L D  M E A S U R E D iM Vday 200.79 190.96 203.40 208.34 213.28 218.67 224.53

N O N -  H O U S E H O L D  U N M E A S U R E D Ml/day 17.35 17.95 19.36 20.42 21.57 22.74 2 3 .94

W A TER  D EL IV E R E D  -  B ILLED Ml/day 432.02 442.47 404.52 484.00 504.83 528.13 554.10

Distribution Losses  
Operational Use

Ml/day
Mt/day

217.44
2.59

224.86
2.6 5

227.21 
2 79

233.95
2.90

240.39
3.03

248.00
3.17

256.42
3.32

W A TE R  N O T  D E L IV E R E D . Ml/day 220.04 227.52 230.00 236.85 243.42 251.17 2 5 9.75

W A TE R  T A K E N  U  W IL L E D  
(Fire Service & Other)

! M|/day 11.23 11.50 12.08 12.58 13.13 13.73 14.41

D I S T R I B U T I O N  I N P U T Ml/day 603.29 681.49 706.60 733.44 761.37 793.04 82 8.25

DEMAND FORECASTS -  NORTHERN IRELAND

DEMAND GROWTH -  NORTHERN IRELAND

1992 1996 2001 2006 2011 2016 2021
YEAR 

Household Unmeasured Non —Household Measured 
x Distribution Losses Distribution Input

FIGURE 2



resources were made available, a leakage control programme planned and executed, and routine 
and effective leakage control became part of operational procedures. Significant reductions have 
been made in leakage levels which currently average between 11 and 8 1/pr/h.

The new study examined distribution system waste district monitoring, legitimate night flow 
levels, and estimated the under recording inherent in the monitoring and repair regime. 
Measurement factors to allow for these aspects were developed and applied to recorded leakage 
levels. Trunk main leakage and service reservoir leakage was also estimated. Enhanced 
leakage control strategies were recommended based on:-

upgrading of monitoring equipment and methods.

reduction in distribution system operating pressures.

replacement and/or refurbishment of water mains in poor condition.

The different strategies vary only in their application of the recommended methods, either to all 
zones or concentrating on zones with known high leakage levels. The strategies propose the 
following guideline ranges:-

urban areas 6 - 8  1/pr/h,

mixed areas 7 - 9  1/pr/h,

rural areas 8 - 1 0  1/pr/h.

The whole success of enhanced leakage control strategies depends as before on sufficient 
resources of, manpower, equipment and money being provided.

SOURCE YIELDS

A review of-water source yields was undertaken, noting changes in operational procedures and 
hydrological data availability since the 1984 report. The validity of previous yield calculations 
and operating margins was examined.

Useful Streamflow data throughout the Province for reservoired catchments was lacking. Some 
gauging stations had fallen into disrepair or gauging had been discontinued. The main 
hydrological/hydrometric network is managed jointly by the Environment Service of DOE (NI) 
and the Department of Agriculture (NI) and is mainly concerned with flooding incidents, there 
is little coverage of upland areas of catchments where the majority of the Water Executive’s 
impounded reservoirs are located. A hydrometric network to serve the interests of the Water 
Executive is required.

Additional information was available on rainfall and evapotranspiration, including two significant 
drought events in the 1980’s. Abstraction and storage data useful for yield recalculation was 
present in the case of some reservoirs.
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The yields of the larger single season reservoirs was recalculated, i.e. those as having storage 
to annual runoff volume ratio less than 30%, and a reliable yield greater than 5 Ml/d. The 
recalculation used behavioural analysis techniques and a frequency based measure of failure 
approach. This made best use of site specific data and avoided assumptions concerning the 
homogeneity of hydrological conditions within Northern Ireland, and the estimation of catchment 
mean flows. The method depends on the availability of continuous records over a period of time 
and was hampered by missing data throughout the length of records in rainfall data provided 
by the Belfast Meteorological Office, and by differences in the rating of rainfall gauging records 
between the Environment Service and the Institute of Hydrology. Synthesising techniques were 
used to substitute for the missing data. Siltation effects were also examined.

There was an overall reduction in source yields arising from the application of available data 
from the past decade, and a resultant decrease in available water resources within the Province.

A database has been developed for each source to act as an inventory of all relevant information, 
including the policies and reasons for the mode of operation, and details of associated treatment 
works.

WATER QUALITY

Some 13 water sources within Northern Ireland have derogations with respect to the EC 
Drinking Water Directive maximum reliable concentrations (MACs) with regard to one or a 
combination of the following parameters

aluminium
iron
manganese
colour
taste and odour.

Some 106 out of a total of 115 water supply zones are affected as a result of these exceedences 
at their associated source works. The MAC exceedences over a variety of quality parameters 
occur throughout the supply system including those for THM’s, PAH’s, and pesticides.

EMERGENCY PLANNING

The risk of failure of the main elements of the whole water supply system was examined for 
each water source and associated treatment and transfer system by identifying the risks, the 
likelihood of failure, and the severity of the consequence of failure. A basic level of risk matrix 
was developed using this approach. The margin of safety proposed consisted of either an 
operating margin of 5 %, to cater for uncertainty in future demand forecasts, or an emergency 
margin to cater for sources that do not have additional treatment capacity above net storage 
yield, or whose supply zones cannot be supplied from an adjacent treatment works. This 
emergency margin varies between 0 and 20% depending on the availability of alternative sources 
of supply, the interconnectivity of supply areas, and the relative capacities of the sources
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involved. This exercise assisted in identifying interconnections required between demand zones.

FU TU RE RESOURCE REQUIREM ENTS

The demand forecasts were applied to each relevant demand zone and a resource versus demand 
model was developed and used to indicate current and future resource deficits, and provided 
the resource margins or deficits at five yearly intervals for each group o f demand zones or 
sources.

Tw o minimalist options o f ‘do nothing’ to provide a base line for comparison proposals in line 
with Treasury Guidelines, and ‘do minimum’ were considered. The ‘do nothing’ option 
involved not initiating any work not already underway and not closing any sources currently in 
use or available for use. This showed immediate resource deficits in 8 out o f the 34 demand 
zones o f which four were significant.

The ‘do minimum’ option involved completing works planned at treatment works to comply with 
the EC Drinking Water Directive and closing uneconomic sources, at 1996 there are four 
demand zones in deficit.

Under both the ‘do nothing’ and the ‘do minimum’ options the eastern area o f the Province 
required a major new source either by 1999/2000 or by 2001 respectively.
RE SO U R C E  D E V E LO PM E N T STRATEGIES

Three main strategy options were considered

1. Do minimum: Other than completing all EC Water Quality Directive 
Compliance Work no new developments or major enhancement o f existing 
schemes except those already committed were included. Some minor sources 
closed.

2. System Rationalisation: All required new developments and major 
enhancements implemented together with the closure o f smaller uneconomic 
sources.

3. System Rationalisation together with leakage reduction: All new developments 
and major enhancements implemented, with closure o f smaller uneconomic 
sources together with a leakage reduction strategy.

The main sub options concern the future o f the Moyola Water Treatment Works on the north 
side o f  Lough Neagh, originally using water from the Lower Bann River, and the Lough Island 
Reavy sourceworks in the north o f the Moume Mountains. The options for the Moyola 
Treatment Treatments Works range from closure to major extension, and for Lough Island 
Reavy there are two options to be considered, one with the source continuing to supply the 
Eastern Division via the Moume Conduit and at the other with it becoming a source supplying 
Banbridge &  Newry area o f Southern Division.

Economic analyses were undertaken for each o f the options. Strategy 3 was shown to be the
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most beneficial in both economic and technical terms and the capital cost o f the recommended 
strategy at current prices would be £90m between 1994 and 2021. Following the economic 
analysis the principal resource development recommendations to be implemented include:-

1. A major new source to serve the eastern area abstracting water at Hog Park 
Point from Lough Neagh. The first phase o f this source development and its 
associated infrastructure is required to be operational by the year 2000.

2. An immediate need to develop a. new resource to augment the supply to the 
Derg demand zone which is in the northern half o f County Tyrone and includes 
the towns o f Strabane and Newtownstewart. The new source to be either a 
regulating dam on the Glendergan river or a river abstraction scheme on the 
River Moume.

3. Depending on confirmation o f the safe yield o f the River Faughan due to 
conflicting hydrological information construction o f the Glenedra Dam to secure 
the resource capacity required for the Derry. City demand zone will be required.

4. Current plans to increase the treatment works capacity at Moyola on Lough 
Neagh can be cancelled and the works retained at their current capacity until the 
commissioning o f the Hog Park Point scheme, the third major source for the 
eastern area. Transfer pipeline and pumping stations will be required to 
substitute Dunore Point (Lough Neagh) water for Moyola water once the Hog 
Park Point scheme is implemented. Subsequently the Moyola sourceworks can 
be abandoned.

5. A new pipe line is required now between Ballinrees Treatment Works, west o f 
Coleraine, and Bally money, to the south east o f Coleraine on the boundary o f 
the Ballinrees demand zone, to overcome resource shortfalls and to allow the 
development o f new capacity at Ballinrees to meet future requirements.

6. Lough Island Reavy will cease to supply raw water to the Silent Valley Moume 
aqueduct except in an emergencies. The planned Silent Valley Water Works 
and the Moume Conduit refurbishment capacity can exclude the yield o f Lough 
Island Reavy. Subsequent to the commissioning o f Hog Park Point Lough 
Island Reavy will be used in the expanded Fofannybane treatment works and 
used to augment supplies to the Banbridge and Newry demand zones.

7. In all cases an enhanced leakage reduction strategy will be implemented in all 
waste zones and not merely those with known high leakage levels.

The water transfer system forecast for the year 2021 is shown in Figure 3.

CONCLUSION

The reduced growth in forecast demand to 1992, and the lower subsequent demand forecasts
have enabled rationalisation o f source works to be considered as part of both the EC Water
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Quality compliance work, and the future strategy.

Proposed new leakage target levels depend on the commitment of adequate technical and 
financial resources.

The new study has provided robust evidence for justification o f the need for new source works 
developments. It will assist the Water Executive in fulfilling its mandate in the modem 
environment, and into the next century.
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STRATEGIC RESOURCE DEVELOPMENT OPTIONS

by

J D Lawson MA, CEng, FICE, MIWEM* and 

T E A  Askew BSc, CEng, MICE, MIStrutE, MIWEM*

ABSTRACT

This paper describes the range of options considered for new water resources as part of 

development of the NRA Water Resource Strategy for England and Wales. The options 

included inter-regional transfers by river regulation or aqueducts, strategic reservoirs, and a 

range of unconventional options including aquifer recharge, effluent reuse, groundwater 

abstraction where levels are rising, desalination, and transfer by sea. The main options are 

described and comparative costs are presented.

KEY WORDS: strategic planning, water resources, resource development options, water 

transfers, aqueducts, reservoirs, river regulation, groundwater abstraction, canal transfers.

INTRODUCTION

The NRA’s strategy for development of water resources in England and Wales provides a 

two-pronged approach to the problem of meeting future water needs:

• firstly, restricting or eliminating the growth in water demand by measures to reduce 

consumption and avoid wastage;

• secondly, the classical approach to water resource planning involving a range of 

demand forecasts and a corresponding analysis of options to meet the future deficits.

* Sir William Haicrow and Partners Limited

* W S Atkins Consultants Limited

43



This paper concentrates upon the second, classical approach. The range of demand forecasts 

is governed to a large extent by the success of measures to control demands and avoid 

leakage. Although there can be no doubt that demand control is preferabie to new resource 

development on environmental grounds, future resource deficits may still arise due to the cost 

or impracticality of demand control measures, or due to economic growth, population change 

or change In climate.

The range of forecast deficits in the year 2021 are given in Table I.

TABLE I. DEFICIT FORECASTS UNDER HIGH, MID AND LOW DEMAND SCENARIOS 
(BEFORE ALLOWING FOR DEVELOPING LOCAL SCHEMES) (Ml/day)

North
umbria

North
west

Yorks Welsh Severn-
Trent

Anglian South
west

Wessex Thames Southern

High 14 164 261 133 577 195 124 201 867 1S2

Mid 0 0 29 36 132 100 40 56 270 57

Low 0 0 0 12 41 35 3 20 56 21

The basis of these demand forecasts is described in the NRA’s strategy documentation and 

in an earlier paper at this Conference n*2). The deficits shown in Table I do not allow for the 

development of new resources in the locality of the demand centres. There are about 60 such 

schemes listed in the NRA’s strategy(1) with a total resource value of 2051 Ml/d. These small- 

to*medium sized schemes are likely to be preferred on environmental grounds to major 

resource developments involving inter-regionai transfer. However, even after allowing for the 

development of the local schemes, there would be some deficits arising as shown on Table II.

TABLE II. STRATEGIC DEFICITS AFTER ALLOWING FOR DEVELOPMENT OF LOCAL 
SCHEMES

Severn-Trent Anglian Thames Wessex area

High 252 128 629 84

Mid 4 72 66 0

Low 0 0 5 0
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This paper concentrates upon the major strategic options for meeting the high level of deficits 

shown In Table II. Consideration of these large schemes provides a standard In terms of cost 

and environmental impact against which the smaller local options may be judged.

RANGE OF OPTIONS CONSIDERED

Table il shows that the strategic deficits are forecast to arise mainly in the central southern and 

eastern parts of England. The northern parts of England and the whole of Wales are shown 

to have no forecast deficits, reflecting their high rainfall and low population. In the drier parts 

of the country, there are already well publicised problems due to the environmental impact of 

existing resource developments, notably low flows in rivers, particularly those with a strong 

dependence upon groundwater-fed baseflow. Therefore, the resource availability for supplying 

the south-east comes down to:

• development of additional storage in the south-east to make more use of winter river 

flows;

• transferring water from the north of England or Wales, possibly in conjunction with 

development of more storage.

The range of options considered through recent pre-feasibility studies are illustrated In Figure 1 

and include:

SOURCE SCHEMES Consultant

The Craig Goch reservoir scheme, either to regulate the River 

Severn or the River Wye; Halcrow

Redeployment of Vyrnwy Reservoir to regulate the River

Severn; Halcrow/Binnie

use of rising groundwater under Birmingham. Halcrow
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TRANSFER SCHEMES Consultant

a transfer from the River Severn to the River Thames; Atkins

a transfer from the River Severn to the River Trent; Atkins

a transfer from the River Trent to Anglian Region; Atkins 

use of the existing canal system to transfer water from the

River Severn to the south and east. Binnie

Also
Transer from Kielder 
Undersea pipelines 
Desalination 
Transfer by sea

River Regulation Existing Transfer Line

so 100 150km
Proposed Pipeline 
or Tunnel Transfer

.Proposed Canal 
Transfer

Scale

Figure 1. Strategic Options Considered
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STORAGE SCHEMES Consultant

• the Soirth-West Oxfordshire Reservoir, either as an 

independent source or in conjunction with the Severn to

Thames transfer; Halcrow

• a new reservoir in East Anglia. Atkins

In addition to these schemes, which are in essence conventional surface or ground water 

developments, consideration has been given to a variety of unconventional schemes. These, 

include desalination, transfer of water through a 'national grid', transfer by undersea pipelines, 

and transfer by sea using tankers or water sacs.

The following sections of the paper deal with the range of options under the headings of 

Strategic Transfer Options, Strategic Storage Options and Unconventional Options.

STRATEGIC TRANSFER OPTIONS

In recent feasibility studies, four main transfers have been considered or reconsidered. The 

main features of these transfers are outlined on Table III. Potential transfer volumes range 

from 100 Ml/d up to 600 Ml/d, and involve distances of up to 400 km. Three studies 

commissioned by the NRA c3-4-5*1 looked at various transfer methods including major pipelines, 

tunnels, artificial and natural water courses. A study commissioned by British Waterways (6) 

concentrated on the use of inland waterways.
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TABLE III. MAIN FEATURES OF POTENTIAL TRANSFERS

Transfer Severn to Thames Severn to Trent Trent to Anglian Cana) Transfers

Donor River Severn Severn Trent Severn where applicable

Abstraction 
Location/ 
Canal input 
point

Deerhurst Wroxeter or 
Coaiport

Torksey Salford Junction 
(Birmingham & Fazeley 
Cana!)/Great Hayward 

Junction (Trent & Mersey 
Canal) Berbridge Junction 
(Shropshire Union Canal)

Receiving
River

Thames Penk or Trent Fossdyke 
Canal/River 
Wiltham for 

transfer to Ouse

Trent/Thames/Nene/ 
Great Ouse

Discharge
Location

Buscot or via 
South West 
Oxfordshire 

Reservoir

Lower Drayton 
(Penk) 

Sandon/Great 
Haywood 

(Trent)

Torksey (canal 
for onward 

transfer)

Nottingham/Oxford /  
Northampton/Milton 

Keynes

Transfer rates 
(Ml/d) 200-400 100-300

Additional
200-600 100-300

Hydrological modelling of transfers between rivers has shown that operation of the regulation 

and transfer systems will only be required in the low flow period of dry years. Because the 

operation of a transfer system is predicted to be infrequent, running costs are not likely to be 

a dominant factor. As a result smaller less expensive higher pressure pipelines with greater 

pumping costs become more economical.

Environmental impacts associated with transfers are a key issue. The paper which follows(7) • 

will cover overall environmental assessment and comment on specific environmental issues 

for individual transfers. Therefore to avoid duplication this paper concentrates on selected 

engineering and operational issues which are introduced and explained in the context of 

individual transfers.

SEVERN THAMES TRANSFER

The principal point of abstraction on the Severn would be at Oeerhurst (see Figure 2). 

Abstractions would be linked to a prescribed flow on the Severn. An abstraction point further 

downstream at Gloucester could be affected by suspended solids and salinity. The main
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Figure 2. Severn to Thames Transfer



discharge locations considered would be on the Thames downstream of Buscot or direct to 

. the proposed South West Oxfordshire Reservoir. The reservoir discharge would largely avoid 

any potential environmental risks to the aquatic ecology of the upper Thames. At the 

abstraction point, flood defence requirements would constrain development in the flood plain; 

a buried intake/low lift pump station was therefore proposed, together with bankside storage 

for settlement located some 2 km away outside the flood plain.

Routing of the transfer along a restored Thames and Severn Canal was considered, either via 

the Gloucester and Sharpness Ship Canal or pipeline direct to the Thames and Severn Canal 

summit section near the Sapperton Tunnel. The Thames and Severn Canal has been formally 

abandoned and the canal corridor, often overgrown or filled in, has reverted to adjacent 

ownership/ The Cotswold Canals Trust is promoting restoration often "on the back" of other 

developments. The possibility of using the canal also arose for transfer via future gravel pits 

identified in the Gloucester Minerals Plan. The gravel pits could be used for initial blending 

of transfers and would improve operational flexibility.

The route via gravel pits to the Thames at Buscot was found to have the lowest cost. The 

route to the canal summit was relatively more expensive, in part due to a longer pipeline route 

to avoid potentially unstable ground along; the scarp face of the Cotswolds, south of 

Cheltenham' Routes using the Gloucester and Sharpness Canal were expensive and pipeline 

or canal transfer up the Stroud Valley would be difficult, disruptive and operationally complex.

The other routes studied were predominantly pipeline routes over or around the Cotswold Hills 

to the Thames or its tributaries. Pipeline routes shown in Figure 2 generally follow the valleys 

to avoid high ground, rock excavation and unfavourable hydraulic profiles. Alternative routing 

over higher ground could reduce potential impacts to more sensitive habitats found in the 

valleys but would be at higher cost.

The transfer would involve pumping from 10 m above Ordnance Datum (mAOD) at Deerhurst 

to about 240 mAOD at the summit, and falling to around 60 mAOD at the discharge point on
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the Thames. The sizing of pipelines has a critical effect on capital cost. An increase in 

diameter from 1100 mm to 1200 mm increases unit pipeline costs by about 20%. It was 

therefore important to select an economic pipeline design. Pumping mains were optimised 

for minimum total costs in respect of capital and operating costs. Gravity mains were sized 

to maintain the hydraulic grade line above the pipeline level at local high points.-

For the unsupported Severn to Thames transfer it was found uneconomic to phase 

construction, building a 200 Ml/d capacity pipeline and later duplicating it when required. The 

increased disruption and disturbance caused by later duplication would also be unwelcome 

particularly in the Cotswold Area of Outstanding Natural Beauty.

Change in water quality within a raw water pipeline is a particular operational and 

environmental issue especially for a long route such as that across the Cotswolds. When not 

required, the pipeline would be emptied. However, at times of intermittent transfer, because 

of the time taken to empty and refill a pipeline, the transfer system would be on standby with 

the pipeline full of water. To reduce the risk of water quality deterioration a "sweetening- flow 

would be required.

Settlement at the Severn end was recommended to reduce the risk of solids settling in the 

pipeline and developing an anaerobic slime. Discharge with aeration and buffer storage, for 

example at gravel pits alongside the Thames, would improve operational flexibility in dealing 

with an incident of poor quality water. Completely draining pipeline low points via washouts 

to sensitive watercourses such as pristine Cotswolds streams would be unacceptable. 

Therefore for complete emptying, washout discharges could be pumped along the pipeline 

route using small secondary pipes on the uphill sections.

SEVERN TO TRENT TRANSFER

Two abstraction locations were considered (Wroxeter and Coalport as shown on Figure 3) and 

three alternative discharge locations (Sandon and Great Haywood on the Trent and Lower
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Drayton on the River Renk). Prescribed flows were taken as 1100 Ml/d at Buildwas and 900 

Ml/d at Bewdley for abstractions at Wroxeter and Coalport, respectively. Transfer rates would 

range from 100 Mi/d up to 300 Mi/d. Additional water would be required in the Trent because 

of increasing demand for potable water within the catchment, and to support any transfer, into 

Anglian Region, outlined below. The key factors in aligning the pipelines were found to be:

•  the Wrekin and Ironbridge Industrial Heritage Site which constrained the selection of 

abstraction points from the Severn;

•  the capacity of the existing receiving watercourses;

• it was found economic to route pipelines over high ground close to the Severn to take 

advantage of opportunities to reduce the diameter of gravity mains by allowing the 

hydraulic grade line to follow the trend in ground levels.

Preferred Non-Preferred 
Route Route

Scale

Figure 3. Severn to Ttent Transfer
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The efficiency of a transfer, in terms of minimising the water Josses due to river regulation, may 

be considerably improved by the provision of balancing storage within the system. 

Hydrological modelling showed that most of the transfer volume to the Trent would need to 

be met by increased augmentation of the Severn. This has implications for in-river regulation 

losses since the transfer times from a source on the Severn to the abstraction point on the 

lower reaches of the Trent could take up to eight days excluding intermediate storage.

Table IV shows the excess volume transferred as a percentage of the required Trent 

augmentation for selected years. Excess volumes would primarily be transferred due to 

unforeseen increases in flow in the Severn and/or the Trent caused by sudden rainfall in either 

catchment. The table shows that excess volumes transferred might be of the order of 15-50% 

in drought years and that three days balancing storage could reduce these losses by about 

30%. The operation of the scheme would be sensitive to flow forecasting and the effect of 

three days balancing storage at the mid-point of the system would be to halve the flow 

forecasting time.

TABLE IV. ESTIMATED EXCESS RELEASES FOR SELECTED YEARS, WITH AND 
WITHOUT BALANCING STORAGE ON SEVERN-TRENT TRANSFER 
(2400 Ml/d Prescribed Flow on river Trent at Colwick)

Scenario Year No of Days 
Transfer Required

No of Days of 
Excess Transfer

Excess Volume as % of 
the Required Volume

300 Ml/d transfer with no 1959 137 19 15
baiancing storage

1975 133 50 47

1976 132 22 18

1981 21 21 163

300 Ml/d transfer with 3 1975 133 38 36
days balancing storage

1976 132 15 12

Central to minimising transmission losses in the transfer would be the accurate prediction of 

flows in the regulated rivers. To achieve this, a system model involving real-time rainfall run

off/hydraulic models in conjunction with rain gauge telemetry, Met. Office weather radar storm
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tracking and telemetered river flow and level gauges could be developed and linked to an 

operations centre. The forecasting would need to be for at least the lag time in the system, 

preferably longer This would permit operations staff to control the system to minimise losses 

resulting from the poor co-ordination of discharges and abstractions and changing conditions 

in the receiving catchments.

TRENT TO ANGUAN TRANSFER

Availability of water in the Trent for transfer to East Anglia is dependent on the prescribed flow 

at the abstraction location on the Trent. Additional water could be provided by the Severn to 

Trent transfer or, more expensively, by using water from Kielder transferred via several rivers 

and pipelines.

A licence to transfer 180 Ml/d into the Fossdyke canal already exists at Torksey on the Trent 

(see Figure 4). A transfer of up to an additional 600 Ml/d was considered. Up to 150 Ml/d 

of this could be added to the existing transfer to Humberside. The principal destinations of 

up to 400 Ml/d of the transfer would be Essex and north-east London. The transfer corridor 

would use the lower River Witham to Boston, an aqueduct across the Fens into the Cut-Off 

Channel at Denver, and thence into the Stour, Blackwater, Chelmer, Roding or Stort, using the 

Ely Ouse-Essex tunnel and pipelines. An alternative, longer route using the Great Ouse 

system could also supply Rutland and Graf ham Waters.

Transfer using the network of artificial and natural drainage channels across the Fens would 

be an option. However the potential cost savings through the use of existing or improved 

open channels would be offset by the risks of not having full operational control, water quality 

problems and transfer losses through sub-irrigation from drainage channels.

Transfers using the upper reaches of the rivers Chelmer, Roding and Stort would generally not 

be economic or environmentally attractive compared with pipeline transfer direct to the middle 

or lower reaches. Where there would be a need for channel enlargement it would in some
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Figure 4. Trent-Anglian Transfer and/or East Anglian Reservoir
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cases be possible to mitigate adverse affects of channelisation or even to use the opportunity 

to make environmentally sensitive improvements including the creation of low flow channels, 

meanders, pools and riffles.

Generally in all the transfer studies, the use of long distance tunnels was found to be 

uneconomic, especially where transfer operation wouid be infrequent However tunnels of up 

to 4 km have been proposed for crossings Including estuaries and specific SSSI washlands 

where buried pipelines were considered less feasible or inappropriate.

TRANSFER BY CANAL

The British Waterways feasibility study(6) looked at drawing water from the Severn via a 

connection to the Severn to Trent transfer pipeline or from the Vymwy aqueduct. Destinations 

considered were the Trent at Nottingham, the Thames at Oxford, the Great Ouse at Milton 

Keynes and the Nene at Northampton. The preferred route uses the Trent & Mersey, 

Coventry, Oxford and Grand Union Canals. Transfers of up to 300 Ml/d were considered, 

although generally it was found that transfer of up to 200 Ml/d could be considered without 

conflict with the canals’ existing uses and heritage value(8). The study also examined the 

possibility of using 50 Mi/d of groundwater near Birmingham which may be available from the 

rising water table.

DIRECT PIPEUNES AND "NATIONAL GRID"

Pipelines transferring water directly to treatment works without using intermediate 

watercourses would avoid many of the perceived environmental impacts on a receiving 

catchment. The idea of a national water grid as a network of pipelines transferring treated 

water around the country has also been mooted. However desk studies ^  have shown that 

the "grid" would probably be two or three spine mains connecting sources in the north and 

west to demand centres in the south-east, via a series of spurs. Initial cost estimates show 

that the cost of the grid would be high, but not necessarily prohibitive. For example, a spine
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main from the River Severn to London, combined with the Craig Goch reservoir scheme, could 

meet demands in the Thames region at a comparable cost to the South West Oxfordshire 

Reservoir.

STRATEGIC STORAGE OPTIONS

Storage is needed to conserve winter rainfall for use during the summer when river flows are 

low. This storage can either be local to the demand centres in the south-east, or can be in 

the regions of water resource surplus, mainly the north of England and Wales. Many sites for 

. strategic storage have been considered over the past 30 years; these have narrowed the 

options down to:

• the raising of the existing Craig Goch Reservoir in the Elan Valley, as the preferred site 

for a major new storage in Wales;

• • the redeployment of the existing Vyrnwy Reservoir to regulate the River Severn instead

of making a direct supply to the north-west region;

• the South West Oxfordshire Reservoir, which has been selected as the preferred site 

for a large pumped storage reservoir in the Thames catchment;

• a new pumped storage reservoir in East Anglia, for which various sites are at present 

under investigation.

The development of carefully designed and managed reservoirs can have significant 

environmental benefits but also adverse impacts. Established reservoirs, properly designed 

and managed, provide recreational and amenity facilities including walking, fishing and 

watersports. They also offer opportunities for habitat creation; for example, Rutland is a 

RAMSAR site (a wildfowl centre of international importance). On the "downside" there is the 

land take which can have social consequences where properties are affected. The inundation 

may also affect sites of environmental importance or historic interest. In most cases these 

impacts can be minimised through consultation and careful design.
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THE CRAIG GOCH RESERVOIR SCHEME

The Craig Goch reservoir scheme would involve enlargement of the existing reservoir in the 

Elan Valley by the construction of a new dam at the site of the existing dam. The scheme was 

studied in detail in the 1970s under.a joint committee comprising the former Severn-Trent and 

Welsh Water Authorities, and Bristol Waterworks Company. Full feasibility studies were carried 

out on a range of scheme sizes with the reservoir filled from its natural catchment with 

additional augmentation available from gravity diversions from surrounding catchments, or by 

pumping from the Rivers Severn or Wye (see Figure 5). A scheme designed to give a yield 

of over 1000 Ml/d was taken forward to the stage at which it was ready to be promoted, but 

was then shelved when the forecast demands in the Midlands failed to materialise in the mid- 

1970s. The scheme has been reviewed in the course of developing the NRA’s strategy <9). 

The forecast deficits could be met by a smaller scheme to that considered in the 1970s, with 

a 70 m high dam providing a storage of 190 million cubic metres. This could be filled by the 

natural catchment in the upper reaches of the Elan Valley, with the water used to regulate 

either the River Severn or the River Wye.

Regulation of the River Severn wou|d probably have substantially less environmental impact 

than regulating the Wye and would appear to be the preferred option at this stage.

The Craig Goch reservoir would provide a large storage through the construction of a 

comparatively small dam at the downstream narrow neck of a wide long valley. Being located 

in a remote valley which has already been subject to reservoir development, there would be 

little impact upon agriculture, archaeology or the local population. However, a major SSSI 

would be affected and this could present a serious constraint to the development of the 

scheme.

Promotion of the Craig Goch Reservoir Scheme would be further complicated by the many 

water companies and NRA regions which would need to be involved. Nevertheless, it does
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present an opportunity for a very large reliable yield (775 Ml/d for a reservoir supplied only 

by the natural catchment) at a low cost.

REDEPLOYMENT OF VYRNWY

The existing Vymwy Reservoir was built a hundred years ago and supplies about 210 Ml/d in 

direct supply to Liverpool (Figure 5). If used to regulate the River Severn, Instead of for direct 

supply, the yield via abstractions from the lower Severn could be up to 337 Ml/d. It is unlikely

Figure 5. River Severn/Wye Regulation Sources
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that Vymwy would be completely redeployed, .although any loss of direct supply yield to 

Liverpool would need to be replaced by local sources in the north-west or by demand savings 

through leakage control. The loss of direct supply yield would Incur capital and operating 

costs to North West Water. There wouid also need to be improvements to the outlet works 

at Vymwy Reservoir to allow a multi-level draw-off facility for the required volumes.

The redeployment of Vyrnwy Reservoir would have an impact on the flow regime of the River 

Vyrnwy and, to a lesser extent, the main River Severn. The River Vymwy is an important 

spawning and nursery area for salmon and trout, so the impact of increased regulating flows 

could be significant. Nevertheless, the redeployment of Vyrnwy does provide a substantial 

yield increase and it could be an attractive alternative to Craig Goch as a means of regulating 

the River Severn to meet demands in the Midlands and south-east (with a Severn to Thames 

transfer}.

THE SOUTH WEST OXFORDSHIRE RESERVOIR

The possibility of a major reservoir in the Thames catchment has been investigated by Thames 

Water Utilities and Its predecessor, Thames Water Authority, since the mid-1980s. A 

succession of studies has identified a site for a major new pumped storage reservoir to the 

south west of Abingdon. A storage of about 150 million cubic metres could be provided in 

a fully-bunded reservoir with an embankment up to 25 m high. If filled by pumping of only 

winter flows from the River Thames, the reservoir could supply a reliable yield of about 350 

Mi/d. Alternatively, the reservoir could be used to provide a similar yield increase in 

conjunction with the Severn to Thames transfer. The discharge of River Severn water into the 

reservoir could alleviate some of the potential problems associated with discharging River 

Severn water direct to the Thames.

The South West Oxfordshire Reservoir presently envisaged would occupy about 1400 hectares 

of mainly Grade 3 agricultural land in a moderately-populated part of Oxfordshire. The impact 

on agriculture and local population would be significant. There would also be an unavoidable
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visual impact in an area which is overlooked by higher ground. However, this visual Impact 

needs to be set in the context of the nearby Oidcot Power Station which has already 

substantially altered the landscape. The reservoir itself would provide substantial opportunities 

for recreational use.

The South West Oxfordshire Reservoir would operate by regulation of the River Thames to 

support downstream abstraction associated with the existing large storages to the west of 

London. The impacts on river flows and water quality would need careful investigation, but 

can probably be made acceptable, subject to appropriate operating rules and other mitigating 

measures.

EAST ANGUAN RESERVOIR SCHEME

There are two principal sites considered for a new reservoir in the Anglian Region. These are 

Great Bradley near Newmarket on the headwaters of the River Stour and a “fenland" site on 

the South Level Fen between Feltwell and Ely. Both sites could be supplied with winter water 

pumped from the Ely Ouse and would be used in conjunction with the existing Ely Ouse-Essex 

transfer system to augment the Stour and Essex rivers.

The Great Bradley reservoir would hold up to 106 million cubic metres, with a water area of 

1200 hectares and a land take of 1500 hectares. Its yield could be 160 - 200 Ml/d depending 

on the size of the Ely Ouse pumps. Inflows would be treated to avoid reservoir algal blooms. 

It would significantly improve the quality of water transferred onwards to the Essex Rivers by 

reducing nitrate and phosphate levels and other pollutants. There would be significant impacts 

to be addressed in connection with this scheme.

The fenland site would be a fully bunded reservoir - that is it would be contained by an earth 

embankment on all sides. It seems likely that in terms of volume and yield it could be similar 

to Great Bradley. Fewer properties would be affected but amenity and recreational
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opportunities would be less than Great Bradley and because It is not a natural reservoir site 

it would probably be more expensive.

UNCONVENTIONAL OPTIONS

The range of unconventional options considered by various studies (9) in the course of 

developing NRA’s strategy has included:

•  groundwater abstraction where levels are rising;

•  aquifer recharge;

•  desalination;

•  transfer by sea via tankers or oil sacs;

• undersea pipelines;

•  effluent reuse;

•  estuarial barrages.

Rising groundvyater levels due to reduction in industrial abstraction over.the past 20 years are 

a threat to building foundations, but are also a potential new water resource. In the London 

area, Thames Water Utilities are well advanced in the planning of a scheme to control the rise 

in water levels through an abstraction scheme with a resource value of 30 Ml/d as a direct 

supply. This has been included as a local resource development option in the NRA’s strategy.

in the Birmingham area, investigations have started into abstraction of 50 Ml/d which could 

be used to regulate either the River Trent or the River Thames for up to 5 months per year(10). 

Early indications are that such a scheme would be possible in resource terms, but that water 

might need treatment before discharge to rivers or canals for regulation. The location of this 

potential source makes it strategically important and the apparent low cost and low 

environmental impact adds to its attraction.

Groundwater recharge requires an aquifer unit with a synclinal structure, in which a storage 

deficit may be developed without significant adverse environmental impact. To be cost
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effective, there must be a reasonably convenient source of recharge water of suitable quality, 

and a reasonable proportion of It should be retained in the aquifer after recharge until It is 

needed. Such conditions are rare in the UK, although the confined portion of the London 

Basin is a good example. The usefulness of recharge here is already demonstrated by 

schemes in the Lee Valley and at Enfield-Haringey. Opportunities in South London are also 

being studied and 180 Ml/d may be available (a “local option" in the NRA strategy). 

Elsewhere, only the Sherwood sandstones of the Cheshire Basin have the appropriate 

structure on a similar scale; however more localised opportunities may exist, associated with, 

for example, geological folds.

Desalination has been shown to be expensive when compared to the cost of conventional 

storage and water transfer options. Nevertheless, there could be a role for desalination plants 

in meeting local deficits, and they could well be easier and faster to promote than conventional 

schemes.

Transfer by sea using either tankers or water sacs also appears to be much more expensive 

than conventional options. There would be operational risks, particularly connected with 

towed sacs. However, the development of new technology, for example by the oil industry, 

could reduce the costs and risks to an acceptable level.

Transfer by undersea pipeline would be, perhaps, double the cost of a conventional land 

pipeline, but could be easier and faster to promote. The transfer of water from Kielder 

Reservoir to the south-east via an east coast undersea pipeline is one such possibility. 

Although expensive, this would use established oil industry technology and could be promoted 

quickly in the event of demands rising faster than forecast. Such a scheme could also be 

suitable for private sector finance.

The reuse of sewage effluent has obvious attractions in terms of resource conservation. Reuse 

through treatment straight back into supply, although practised on a small scale in some parts 

of the world, is unlikely to be acceptable on health grounds for the foreseeable future.

63



However, reuse via river regulation, by discharging sewage effluents above an abstraction 

point, does allow dilution of the effluent and less stringent treatment requirements. Although 

reuse of sewage effluent is already occurring in the UK, for example through successive 

abstractions down the River Thames system, there are concerns about the public health 

Implications. This applies particularly to effects which are not well researched, for example 

the impact on human fertility of discharges containing residues of oral contraceptives. 

Although effluent reuse schemes are being considered by several water companies at present, 

they do not seem likely to play a significant role in strategic resource planning.

Estuarial barrages were studied in detail at several sites in the 1970s. Some were found 

technically feasibility, if expensive, at that time, but increased environmental awareness would 

mean that such schemes would be very difficult to promote in the future. They are not, 

therefore, considered to be a serious alternative to the conventional storage options.

COMPARATIVE COSTINGS

In the course of preparing the NRA’s resource strategy, cost estimates have been assembled 

for all the above options. This has involved collating information from many sources. In some 

cases, the estimates are based on recent detailed engineering feasibility studies. However, 

more often, the available information has been obtained from superficial preliminary studies, 

or from updated information from studies carried out 20 years or more ago. Nevertheless, 

despite the inevitable uncertainties in estimates of widely varying pedigrees, all the estimates 

have been carefully scrutinised and adjusted to put them, as far as possible, on a common 

footing. Where the costs have been based on superficial studies, increased contingencies 

have been allowed for factors such as the costs of environmental mitigation measures.

Table V shows the yields, capital and operating costs for a selection of schemes.
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TABLE V. KEY STRATEGIC RESOURCE OPTIONS - YIELDS AND COSTS

OPTION ADDITIONAL 
POTENTIAL 
YIELD (Ml/d)

INDICATIVE 
CAPITAL COST 
(Em)

INDICATIVE 
PUMPING COST 
(£k/MI/d/Annum)

TIME TO 
PROMOTE

Severn-Thames Transfer 
Capacity 200 Ml/d

Supported 249 57 31.5 Medium

Severn-Thames Transfer 
Capacity 400 Ml/d

Supported 425 92 31.5 High

Enlarge Craig Goch Reservoir 
regulating River Severn

Up to 775 105.0 0 High

Partial Redeployed Vyrnwy 
Reservoir
(74 Ml/d redeployed)

152 36.9 25.9. Low

South West Oxfordshire 
Reservoir

350 400.0 23.5 Medium

Severn-Trent Transfer Capacity 100 26.0 16.3 Medium

Canal Transfer from River 
Severn to River Thames 
(initial transfer to the canaJ 
system via the Severn-Trent 
Transfer)

Capacity 100 49.1 20.3 Medium

Trent-Anglian transfer (to 
Essex Reservoirs via 
Fossdyke Navigation,
R Witham and existing EJy 
Ouse-Essex transfer)

Capacity 200 108.0 26.6 Medium

East Anglian reservoir - 
figures only available for great 
Bradley Reservoir

174 69.4 0.0 High

Birmingham Groundwater 50 4.4 6 Medium 1

Note: Indicative times of promotion:
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TIMING OF DEVELOPMENTS

Experience in the promotion of new water resource schemes over the past 30 years has 

shown that implementation of a major new scheme involving new reservoirs or river regulation 

takes 20 years or more from initial studies to commissioning of the scheme. Table V gives an 

indication of the time which is likely to be needed for some schemes. Thus, studies need to 

be put in hand now to allow for the possibility of demands rising at the higher forecast rate 

and creating deficits in 20 years time. Although it may be five or ten years before a decision 

needs to be made on the promotion of schemes, initial studies should proceed on some of 

them:

•  the Severn to Thames Transfer;

•  the East Anglian Reservoir;

•  Birmingham Rising Groundwater.

In addition, studies should proceed on some of the local options listed in the NRA’s Strategy, 

so that when the need arises the choice between local schemes or strategic options can be 

made.

The development of the NRA strategy has pointed the way towards the most cost effective and 

environmentally acceptable way of meeting demands should they arise. The onus of taking 

the identified schemes along the next steps towards promotion is now likely to rest with the 

water companies or other private sector initiatives. It is inevitable that the involvement of the 

water companies will bring a different perspective to matters such as the operational risks of 

inter-regional transfers and the organisational difficulties associated with schemes requiring the 

cooperation of several water companies and NRA regions. This will be the challenge faced 

by water resource planners over the next decade.
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Environmental Assessment of the 
Water Resources Development Strategy for England and Wales
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ABSTRACT

Environmental issues, objectives and constraints were taken into account throughout the 
formulation o f the recently published NRA strategy framework for the development o f water 
resources in England and Wales. This paper describes the environmental assessment 
framework used for a preliminary strategic level environmental assessment o f the major 
potential development options. Comparison of the key issues associated with options to meet 
regional demands are presented, together with further research needs. It is emphasised that 
the assessment represents only an early stage in ensuring future water resource developments 
are environmentally acceptable.

Key Words: Environmental assessment, water resources planning, NRA water resources 
strategy, research.

INTRODUCTION

This paper describes the findings of an independent, high level environmental assessment o f 
strategic water resource development options identified by the NRA for meeting regional 
water supply demands in England and Wales up to a planning horizon of 2021. The purpose 
of the NRA’s national strategy is to indicate the sequence of likely developments, their 
magnitude, impacts and probable timing, and to highlight the associated environmental issues.

The aim of the assessment was to compare the main strategic options on a consistent basis 
in order to cncourage the promotion of schemes which are both technically, environmentally 
and economically acceptable. In southern Britain, there is growing concern that thresholds 
of environmental acceptability for changes to natural hydrological regimes have been reached 
and in some cases exceeded. The NRA recognised the vital need to learn from past 
experiences by considering the environment at the earliest possible stage o f project 
identification and planning. The assessment involved the following steps:

■ A literature review o f the environmental issues and known impacts associated with 
water resources development schemes, including the effects o f river regulation, inter- 
basin transfer and changes to residual flows to estuaries;

■ A review o f the impacts o f existing UK schemes to identify the lessons to be learnt for 
future schemes;

■ The development o f a framework for assessing individual schemes and objective 
comparison o f strategic development options, taking account of EC and UK 
environmental assessment regulations;

■ An assessment and comparison o f the environmental implications of nine strategic 
options representative of the range o f likely water resource developments, using data 
from existing studies and taking account of the results o f hydrological modelling o f 
specific schemes.

84.247.0\ENVASSDS.PAP
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This paper concentrates on the assessment framework and the comparison o f key issues 
associated with the strategically important schemes. No fieldwork was carried out for this 
assessment which was based on existing reports combined with simulation results o f the 
frequency o f operations and magnitude o f . changes to existing flow regimes from the 
proposed schemes. It must be emphasised that this represents an early stage in the NRA’s 
ongoing commitment to ensure that any future water resource development schemes are 
environmentally acceptable.

ENVIRONMENTAL ASSESSMENT ISSUES

Environmental assessment (EA) is the process o f identifying, predicting and evaluating the 
impact o f particular activities on the environment, the conclusions of which are used.as a tool 
in decision making. The effectiveness o f EA applied at the individual project level is 
constrained by a number o f factors, but one o f the principal concerns is that project EA, such 
as that undertaken for the individual development schemes considered by the NRA regions, 
cannot in itself lead to comprehensive protection of the environment as it reacts to 
development proposals rather than anticipating them. In general it cannot steer 
developments towards environmentally resilient locations and rarely addresses alternative 
proposals.

There is therefore a need for a "higher level" assessment in the planning process, which 
enables relevant environmental issues, objectives and constraints to be more fully involved at 
an early planning stage and assists in implementing the concept of sustainability. The central 
question for this assessment was to determine an appropriate level o f detail so that 
meaningful comparisons between the various options could be made. The aim was to 
determine, at a preliminary planning stage, the least environmentally acceptable schemes, the 
further work required to reduce the level o f uncertainty over impact prediction and to 
identify environmental opportunities and benefits. The development o f the comparison 
framework is described below.

ENVIRONMENTAL ASSESSMENT FRAMEWORK

A framework for preliminary environmental assessment appropriate to a higher, more strategic 
level than project specific environmental assessment was developed based on the literature 
review, review o f the impacts of existing UK schemes, workshop sessions with NRA specialists 
and the expertise o f those working on the project. The key features of. the assessment 
framework were (see Figure 1):

•  Each • option component, for example,, regulated river/canal . reach . or new 
reservoir/pipeline, was assessed separately, .

•  • •- . Categories used for assessment of components comprised; •

Agriculture 
Community Impacts 
Archaeology and Cultural Heritage 
General Landscape Character •
Terrestrial Ecology 
Recreation/Amenity ■

Water Quality , .
Fisheries 
Aquatic Ecology

Reservoirs / pipelines

Rivers/canals
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Terrestrial Ecology
Recreation, Amenity and Navigation;

•  A standard assessment was applied to pipelines due to the number o f possible variants 
on any individual transfer route;

•  River and canal reach components at this level o f assessment comprised complete 
tributaries, individual river reaches o f tens o f kilometres, and estuaries; more localised 
issues and key sites may well emerge from detailed follow-on studies and investigation.

• The sensitivity, risk of adverse impact and benefit opportunities for each component 
were assessed on a matrix basis with a three point scale (low-moderate-high) for each 
category, using explicit guideline criteria in order to make the assessment transparent 
and consistent. Equal weighting is given to each category and criterion; this could be 
changed as appropriate in future development of the methodology;

•  Options were compared using matrices presenting the advantages and disadvantages 
of each component, and also indicating the environmental acceptability o f an overall 
option from the NRA’s perspective as an agency with statutory environmental 
protection responsibilities. An option was considered difficult to accept if it had a 
high risk o f causing unmitigable loss/damage to highly sensitive fisheries, instream 
ecology or terrestrial conservation sites;

The potential for adverse environmental impact depends upon: the sensitivity o f the 
site/receptors; the risk of significant environmental change/damage; the expected magnitude 
and duration of change; and the potential for mitigation. A further important factor is the 
opportunity for environmental improvement or benefits associated with the scheme such as 
the restoration of a derelict canal or water quality improvements. In general, receptors of 
national importance or with statutory protection were deemed to be of high sensitivity, for 
example a NWC Class 1 river. The criteria for "high" and "moderate" sensitivities used in this 
assessment are given in Table 1 for rivers/canals and Table 2 for reservoirs/pipelines. Whilst 
these guidelines were generally followed in the assessment, expert judgement was used to 
uprate or downrate the sensitivity based on knowledge of particular local circumstances.

The assessment o f risk was made in a similar manner. Risk is the potential for significant 
adverse change or impact consequent upon the scheme, and may be short term (only 
experienced during construction) or long term (experienced when the scheme is operational). 
The criteria for "high” and "moderate" risks used in this assessment are given in Table 3 for 
rivers/canals and Table 4 for reservoirs/pipelines.

In contrast to many environmental assessments the methodology and criteria that form the 
basis for assessment were deliberately made as transparent as possible. The criteria shown 
in Tables 3 and 4 are an attempt to be as rigorous and consistent as possible when comparing 
the effects o f quite different components and overall schemes. The complexity o f aquatic and 
terrestrial ecological systems is such that the effects o f particular impacts on the functioning 
o f these systems is not yet fully understood. It is therefore particularly difficult to define 
specific thresholds for these receptors above which impacts can be defined as significant or 
unsustainable, and assessment was frequently based on professional experience and 
judgement.

Each scheme component was assessed using data from existing reports and option studies. 
There are a number o f variants for each pipeline transfer and so assessment o f pipelines was 
made in general terms only, due to the disparate specific issues associated with each pipeline
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route variant. The results o f the assessments were drawn together in summary matrices for 
every option component.

The component matrices for each development option were drawn into summary matrices 
setting out the impacts, benefits and mitigation for the option. The overall assessment for 
each option was taken to be the sum o f its components. The breakdown between short term 
and long term impacts and between "high" and "moderate" was retained rather than combine 
the assessments in an overall index. Benefit opportunities were also retained in the option 
matrix. This approach inevitably meant that schemes with more components were more likely 
to appear to have a higher environmental risk.

COMPARATIVE ASSESSMENT OF MAIN OPTIONS

Nine strategic options representing a wide range of development types were identified by the 
NRA for comparative environmental assessment using the framework (see Figure 2). They 
were selected through iteration and elimination on the basis of engineering feasibility, cost 
estimates, resource value, and environmental assessment. The key issues arising from the 
assessment are discussed below in terms o f the main options for meeting demands in 
Thames, Severn-Trent and Anglian regions.

THAMES REGION

The main strategic options that were considered for meeting demands in Thames Region are: 

Transfers from the Severn:

•  Transfer o f up to 400 Mld/d to Thames at Buscot from the unregulated Severn;

•  Transfer o f up to 400 Ml/d to Thames at Buscot from the Severn regulated by Craig 
Goch;

•  Transfer o f up to 400 Ml/d to Thames at Buscot from the Severn regulated by Vyrnwy;

•  Transfer o f up to 400 Ml/d to Thames at Buscot from the Wye regulated by Craig 
Goch;

•  Transfer o f up to 100 Ml/d to Thames at Oxford from a regulated Severn via the rivers 
Penk and Sow and British Waterways Board (BWB) canals; .

. ' ' '
In-catchment Development:

•  Construction o f a new pumped storage reservoir in South West Oxfordshire drawing 
on the Thames at Culham; regulation o f Thames below. Culham for abstraction to 
lower Thames reservoirs.

These options are not mutually exclusive as Severn transfers could be used to fill the South 
West . Oxfordshire reservoir. In terms o f speed of development, the unsupported Severn 
transfer to Buscot and the BWB canal transfer to Oxford could be implemented in a relatively 
short time, although both of these options give rise to serious environmental concerns and 
require further study. The construction o f a new reservoir in South West Oxfordshire or the 
enlargement o f Craig Goch would be likely to take a number o f years to promote, gain 
planning approval and construct, even if there were no environmental objections. 
Redeploying Vymwy could probably be implemented within a much shorter timescale,
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The preliminary NRA figure for a possible prescribed flow constraint in the Severn at 
Deerhurst o f 2500 Ml/d is about 1.5 times Qw, which is in agreement with some salmon 
migration studies but is less than the 50% o f mean flow suggested by other research. 
Provided the prescribed flow is set at a suitable value, no adverse impacts are expected in the 
Severn downstream. Considerable detailed studies and investigations are required to 
determine a suitable prescribed flow for the lower Severn and the estuary to be used as the 
basis for resource development.

The canal transfer option has a risk of impact through increased velocities within the canals 
which are themselves valuable aquatic habitats. The temporary disturbance caused by 
construction and improvement works along about 200 km o f canals would be substantial. Set 
against this are potential water quality improvements to several poor quality canal reaches. 
There are high risks o f impact on the Thames at Oxford, where significant discharges would 
be coming from a long canal network o f generally lower quality than the Thames at the 
discharge point. Of particular concern are dissolved and particulate metals derived from canal 
bed sediments.

The Severn transfer into the Thames at Buscot carries high risks to the biochemistry o f the 
upper Thames, which would become more than 80% lower Severn water during low flow 
periods. The riparian zone of the upper Thames catchment is now an Environmentally 
Sensitive Area. The Thames downstream o f Buscot is already a highly artificial channel which 
is depth regulated for navigation, and there is concern that velocities should not approach the 
limit for boat traffic. There are significant coarse fishery interests. On the plus side, there 
are considerable potential benefits by renovating the Thames & Severn Canal and supporting 
low flows to the upper Thames. Extending the pipeline to discharge either into a South West 
Oxfordshire reservoir for blending or direct to the Culham reach o f the Thames, where 
dilution would be almost 1:1 at low flows, would both appear to be far more acceptable.

Regulation o f the Severn would provide a large, continuous resource for transfers to Thames 
and/or Trent Regions. The two potential sources considered are an enlarged Craig Goch 
reservoir or a redeployed Vymwy reservoir. Enlarging Craig Goch would risk serious damage 
to the internationally important SSSI at Elenydd and loss o f two other SSSIs, and further 
studies are required to examine possible mitigation measures. The Craig Goch scheme 
appears likely to meet with opposition from a conservation perspective. Redeploying Vyrnwy 
would have a major impact on the downstream river receiving the reservoir releases which 
is the main spawning and juvenile reach for up to 40% of the salmon redds in the upper 
Severn. The risks to the Severn itself are also serious, although the river is already regulated. 
There are also knock-on effects o f resource development in North West Region which have 
not yet been assessed. With different discharge arrangements, the Vyrnwy regulation could 
be made more acceptable.

Regulating the Wye from Craig Goch for transfer to Thames appears to be environmentally 
unattractive. The Wye is a unique aquatic environment in Britain, an SSSI o f international 
importance, and the best salmon river in England and Wales. One aspect of its uniqueness 
is its high degree o f naturalness. The revised flow regime would be likely to adversely affect 
the environment, particularly in the upper reaches, and the scheme would probably be 
strongly opposed by conservation groups. Added to which, the enlargement o f Craig Goch 
could affect the high flow regime (no studies have yet been made), which could affect salmon 
migration. There appears to be little to recommend this option on environmental grounds.

provided suitable replacement sources for North West Region are available.
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The South West Oxfordshire reservoir offers the potential for considerable long term benefits, 
but its construction would have major short term local impacts. The scheme would develop 
new local resources, and obviate the need for transfers from outside the catchment with their 
inherent risks to the biological integrity o f the Thames. The scheme would provide additional 
regulation and low flow support to the Thames. The reservoir itself could be planned to 
include a diversity o f habitats and offer a valuable local amenity. On the other hand the 
scheme would involve major disturbance during the construction phase which is certain to 
generate local opposition. Sensitive reservoir design, minimising impact on the landscape, 
would be an important factor in determining the environmental acceptability o f the scheme. 
O f the options for meeting deficits within Thames Region, the reservoir seems to offer most 
long term benefits and least risks to the aquatic environment. Care would need to be taken 
with respect to temperature and quality o f released water, operating rules for abstraction and 
discharge to minimise velocity changes, and setting prescribed flows to protect downstream 
interests. The NRA would need to consider the extent to which the resources available in the 
Thames should be.developed.

SEVERN-TRENT REGION

The strategic option identified for meeting regional deficits in Severn-Trent region is to 
transfer up to 100 Ml/d to the Trent from the Severn via pipeline and the rivers Penk and 
Sow to supply the East Midlands. Other sources to meet increases in regional demands are 
the existing surplus in Carsington reservoir and future phases of the Shropshire Groundwater 
Scheme, the environmental impacts of which were not covered bythe this assessment.

The Severn-Trent transfer option would be relatively quick to construct and no major 
environmental impacts appear likely. The transfer of higher quality Severn water into the 
upper Trent catchment is not the same issue as for Severn-Thames transfers, because the 
Trent is a lower quality river. Thus there are potential quality improvements to the Penk, the 
Sow and locally within the Trent. There may also be opportunities to improve the coarse 
fishery in the Sow through better quality and more reliable low flows. The only concern with 
this option is the impact on, the Penk, whose low flow regime would be increased to a level 
where there might be long term bed and bank erosion problems and macrophyte washout, 
although the Penk has been the subject o f recent channel changes which may mitigate this 
risk. The benefits o f extending the transfer pipeline to discharge directly into the Sow should 
be investigated.

ANGLIAN REGION

Two strategic options were identified for meeting marginal deficits in Anglian Region:

•  Great Bradley Reservoir with Ely Ouse-Essex scheme;

•  Unsupported Trent to Essex transfer.

Both schemes are an extension to the existing Ely Ouse-Essex transfer scheme. For the 
unsupported Trent option the major-planning hurdle is likely to be the Witham to Denver 
pipeline, and there are risks to water quality. With both options there are important 
environmental issues to be addressed relating to water quality and the magnitude o f changes 
to existing flow regimes particularly in the Essex rivers.

The Great Bradley reservoir, at the highest top water level o f 105-5m AOD, would have a 
substantial environmental impact because o f the loss of 4 SSSIs, ancient woodland, 77 
properties, 5 listed buildings, 17 archaeological sites and the short and long term disruption
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