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1 INTRODUCTION AND SUMMARY

1.1 Introduction

1.1.1 Background

This report is the fourth in a series of nine supplementary reports which 
provide supporting information for the National Rivers Authority Water 
Resources Development Strategy document:

"An Environmentally Sustainable Water Resources Development Strategy for 
England and Wales".

The other reports in the series are as follows:

1 Methodology and Assumptions for Demand Scenarios;
2 Review of Public Water Supply Yields;
3 Marginal Demands;
5 Hydrological Modelling;
6 Resource Scheme Costings;
7 RESPLAN Modelling;
8 Comparative Environmental Appraisal of Strategic Options;
9 National Strategy Overview.

The NRA is committed to publishing a water resources strategy for England 
and Wales to meet demands up to the year 2021. The strategy is likely to 
have several components, including elements of demand management, local 
source development and inter-regional transfer. A number of studies are 
already under way; these address a variety of major strategic resource 
development and water transfer schemes in terms of practicability, cost and 
environmental impact. There are, however, a number of ’other’ options 
which, due to their lesser strategic importance, expense or previous studies, 
have not attracted large scale investigation at this time.

Sir William Halcrow and Partners Ltd (Halcrow), in its role as Project 
Manager for the NRA’s Water Resources Strategy, was asked to review, at 
a broadbrush level, a number of these ’other’ options to identify those 
which could form part of the national resource strategy and, therefore, 
warrant further, more detailed study. Those options not considered 
appropriate for the national strategy, however, might still be important at a 
local level.

The following ten ’other’ options have been investigated:

• Barrages
• Groundwater Recharge
• Effluent Reuse
• Desalination 

Undersea Pipelines
• - Tankers and Water Sacs
• Craig Goch Reservoir Enlargement

1-1



• Vyrnwy Redeployment
• Kielder Transfer
• National Water Grid

As can be seen, the above options include specific sources, such as Craig 
Goch and Vyrnwy, general resource development opportunities such as 
effluent reuse and groundwater recharge, and transfer options such as the 
national water grid and undersea pipelines.

1.1.2 Layout

The report has been divided into ten sections, one section for each option. 
The structure of each section varies slightly with the nature of the subject; 
however, in general each section addresses:

• the principles and general advantages and disadvantages of the 
option under consideration:

• the engineering feasibility of the option;
• the potential yield of the option;
• environmental considerations; and
• estimated capital and operating costs.

No estimates, however, have been given for the potential yield of the 
transfer options - the transfer schemes themselves not providing a resource 
- or those options such as desalination and effluent reuse where yield is not 
a lim iting factor. Much more detailed investigations, including hydrological 
modelling, would be required to establish the yields associated with the 
transfer options.

The degree to which the environmental implications of the options have 
been investigated is dependent upon the level of available information and 
the specificity of the option proposals. In the case of the transfer option 
by tanker or water-sac there are thought to be no significant environmental 
implications resulting from the transportation of water which do not already 
occur as a result of existing tanker and port activities. The environmental 
considerations of this option have not, therefore, been addressed as a 
separate issue.

Wherever possible, option costs have been based upon either updated 
scheme costs or previous estimates. In cases where no information was 
available a component based estimate has been derived using updated 
costs formulae from TR61 * Cost Information for Water Supply and Sewage 
Disposal. This document was developed in the mid 1970's and contains 
cost functions for various different water scheme components. Details of 
the method are given in the NRA’s Water Resource Planning Report Volume 
2 .

The costs given in the report include capital and annual operating costs. 
Unit yield costs have been calculated based upon the capital costs and 
th irty  years amortised operating costs discounted at a rate of 8% per
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annum. The unit costs do not include for equipment replacement and 
assume the option yields to be annual averages.

Discussion of the options’ appropriateness for inclusion within the national 
resources strategy is contained in Section 12. The advantages and 
disadvantages of each option are summarised and, if warranted, 
recommendations for further work are made.

1.2 Summary

Sir William Halcrow and Partners Ltd (Halcrow), in its role as Project 
Manager for the NRA’s Water Resources Strategy, was asked to review a 
number of water resource and water transfer options which could form part 
of the national strategy, but which are not specifically the subject of 
detailed investigation within the range of studies being carried out under the 
national strategy study. This report sets out the findings of the review, the 
principal objective of which was to determine whether any of these 'other' 
options warrant further study with regard to possible inclusion in the 
national strategy.

Barrages, desalination and Craig Goch have been the subject of extensive 
previous studies, whilst others such as the Kielder transfer, the national 
water grid, undersea pipelines and tankers and water sacs have not been 
investigated in detail. Groundwater recharge and effluent reuse have been 
the subject of local investigations; however, their importance as strategic 
options has not been addressed in the past. The resource implications of 
redeploying Vyrnwy are at present being studied by teams from North West 
Water, North West NRA and Severn Trent NRA; this report considers the 
engineering feasibility and environmental implications of converting Vyrnwy 
from direct supply to river regulation.

The options have been considered, fo r their general advantages and 
disadvantages, engineering feasibility, resource yield, environmental 
implications and costs. Where possible this has been done with the aid of 
example schemes.

Option costs have generally been based upon either updated scheme costs 
or previous estimates. In cases where no information was available, a 
component based estimate has been derived using updated costs formulae 
from TR61 - Cost Information for Water Supply and Sewage Disposal. The 
costs are summarised in Table 1.1 and include capital and annual operating 
costs. Unit yield costs have been calculated based upon the capital costs 
and thirty years amortised operating costs, discounted at a rate of 8% per 
annum. The unit costs do not Include for equipment replacement and 
assume the option yields to be annual averages.

The figures given in Table 1.1 cannot, and should not, be directly compared 
since they do not always relate to equivalent schemes. For example, the 
costs given for Craig Goch do not include for transfer of water from the 
regulated Severn or Wye to, say, the Thames region and its subsequent 
abstraction, treatment and distribution. The costs involved in transferring

1-3



water from the Severn to the River Thames are being examined separately 
by W S Atkins. Similarly, the costs for Vyrnwy redeployment do not include 
for development of alternative sources in the North West, nor do they 
include the costs of transferring the water from the regulated Severn to the 
marginal demand centres.

Costing of such items is beyond the scope of this study and indeed most - 
such as the Severn to Thames and Severn to Trent transfers - are already 

being investigated in detail through the range of studies being carried out 
under the national strategy study.

Proposals fo r water resource barrages in the Wash and Morecambe Bay, 
studied in detail during the early sixties and seventies, have been reviewed 
for this report. During the earlier studies it was concluded that a tidal 
barrage fu lly enclosing the Wash was not technicaily feasible, although it 
would be possible to  construct one across Morecambe Bay where the tidal 
flow is not so great. However, since that time, the potential environmental 
impacts of proposed water resource developments have gained higher 
priority; it is therefore considered that a full estuary barrage would no 
longer be environmentally acceptable.

Morecambe Bay is too remote from the likely marginal demand centres to 
be considered as an important strategic resource. Although the Wash is 
better placed strategically, the updated cost estimates show that pumped 
storage reservoirs in the Wash would be relatively expensive. They could 
also be difficult to promote due to the environmental sensitivity of the area. 
Similarly, it is unlikely that a barrage on the River Dee could be successfully 
promoted because of the environmental importance of the area.

It has been concluded, therefore, that no further work on tidal barrages is 
warranted.

The combination of characteristics which distinguish an aquifer suitable for 
recharge include:

* a utilisable storage deficit;
• a structure which will retain water for the required storage 

period without major losses;
* hydraulic properties which allow an adequate rate of recharge;
• a convenient source of adequate quality recharge water.

These characteristics seldom co-exist in the UK; however, where they do, 
artificial recharge offers the opportunity for development of a relatively 
cheap water source with comparatively minor environmental impacts. It is 
recommended that the NRA regions undertake studies to identify any further 
suitable recharge sites, in addition to those which are already being 
investigated/developed.

Planned, direct effluent reuse schemes could, in theory, be important 
strategic options. Such schemes are distinct from the unplanned, indirect 
re-use which already takes place de facto in many lowland rivers, where
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abstraction points are located downstream of effluent discharges. However, 
consumer opposition, particularly over public health concerns, is greater to 
direct re-use than to indirect and is likely to prevent the option being 
accepted as a recognised water resource, at least in the short term. Until 
a planned direct reuse scheme, such as Thames Water’s Deephams 
scheme, has been successfully promoted and been seen to operate safely, 
effluent reuse cannot realistically be promoted as a viable strategic option.

Although seawater distillation with energy recovery and brackish water 
reverse osmosis would both appear from Table 1.1 to be moderate cost 
options, it is not believed that they would be important strategic options. 
The costs are based upon manufacturers’ claims, which do not include the 
additional distribution costs incurred in transporting water from coastal 
sites, and should therefore be treated with caution. In addition, there is 
limited potential for development of brackish water RO and it is unlikely to 
be useful as anything more than a local development. Desalination is in 
general considered to be a relatively expensive option. No further studies 
are thought necessary for the national strategy.

The cost per unit length of laying an undersea pipeline can be twice that 
of an equivalent land pipeline. However, an undersea pipeline between two 
points separated by a bay or estuary may be more cost effective, because 
it is more direct and route negotiation and reinstatement are simpler. 
Specific proposals for ‘short-cut’ pipelines could thus merit detailed 
comparison with land-based alternatives. For example, undersea pipelines 
across the Severn and Thames estuaries could be of strategic value in 
meeting any deficits in the Wessex and Southern NRA regions respectively.

Longer undersea pipelines, however, are not considered to be viable 
alternatives to overland pipes, because of the former's lack of integration 
and distribution potential along the route, and their more difficult 
maintenance.

Tankers and water sacs appear to be too expensive to be used to meet 
either constant demand or peak annual demands. However, they could be 
operated as an emergency supply during a severe drought. Plans could be 
drawn up for these eventualities to ensure supply, handling and distribution 
of tankered or water sac water; however these contingency arrangements 
should not be thought of as strategic options because of the insecurity of 
supply.

The present studies have confirmed that Craig Goch enlargement could 
represent an economic and strategically important water resource 
development, which could be undertaken without significant environmental 
impact. The costs given for the various sized Craig Goch schemes do not, 
however, include for transferring the water from the Wye or Severn to the 
marginal demand centres; these would need to be calculated before the 
true cost of supplying Craig Goch water to, say, the Thames region, can be 
ascertained.
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Craig Goch is one of several large potential resources which could be 
developed in conjunction with transfer schemes to meet public water supply 
deficits in the south and east of England. However, it would only be worth 
developing Craig Goch if the need for such an extension of resources could 
be demonstrated. It is recommended therefore, that the appropriateness 
of a Craig Goch development for inclusion in the national strategy should 
be considered further when the extent and location of marginal demands 
have been identified.

Costs for the redeployment of Vyrnwy reservoir do not include for 
development of alternative resources in the North West, nor do they include 
the costs of transferring the water from the Severn to the marginal demand 
centres. It may be concluded, however, that the adaptation of the reservoir 
from direct supply to river regulation operation is technically feasible and 
could be accomplished without significant environmental impacts, 
particularly if a new, multi-level draw-off tower is constructed. However, this 
option, would involve decommissioning of the reservoir which has also not 
been costed.

It is concluded, therefore, that consideration of the appropriateness of 
Vyrnwy redeployment as part of the national resources strategy should 
await the completion of the North West Water/North West NRA/Severn 
Trent NRA investigations and the provision of transfer costs from the Severn 
to  Thames and Severn to Trent transfer studies.

The review of a possible Kielder Transfer has indicated that a scheme to 
transfer water from Kielder to the Yorkshire NRA region via the River Tees 
could be relatively cheap and that a transfer to the Anglian region may be 
worth pursuing if supply from the River Trent is found to be not viable.

Binnie and Partners Ltd are currently investigating the residual flow 
requirements and developing control rules for the River Trent. It is 
recommended, therefore, that any further work on a Kielder to Anglian 
transfer should await the results of the Binnie report which is due shortly. 
Yorkshire Water pic is, we understand, already conducting a feasibility study 
into a Kielder transfer to the Yorkshire region.

This report contains suggestions for a national water grid pipeline layout. 
Costs of the grid have been minimised by using water from the River Trent 
and River Severn rather than the more remote Kielder and North West 
sources, and by regulation of the Rivers Severn and Wye for initial 
d istribution of water southwards. Although based upon very broad 
assumptions, it would seem that a national water grid may be a credible 
alternative to a river transfer system. It is suggested that further 
investigatory work is carried out on this option.

The main recommendations for further work include:

• studies to identify potential groundwater recharge sites and 
associated sources of recharge water in the forecast deficit 
NRA regions;
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further desk studies into the development of a national water 
grid;

assessment of the yield potential from increased indirect 
effluent reuse following forecast increases in per capita 
consumption.

This work would be best pursued when marginal demands have been 
located and quantified, so that studies can be clearly focused on where, 
and in what quantity, water is needed. The appropriateness of a Craig 
Goch development for inclusion in the national strategy should also be 
considered at that time.
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Table 1.1
SUMMARY OF OPTION COSTS

O PTIO N S C H EM ES YIE LD S1

M l/d

CAPITAL
CO STS

£M

ANNUAL.
OPERATING

C O STS
£M

UNIT CO STS  

£ M /M I/d

C O M M E N TS

Barrages Wash reservoirs 450 636 1.64 1.45 Cost estim ates include engineering  and operating  
costs. An additional 1.3 risk factor has been

M orecam be Bay - full barrage 2050 702 7.4 0 .38 applied  to account for the age and uncertainty of 
the original estim ates. W ater treatm ent and

- reservoirs 2050 711 7.4 0 .39 distribution costs are excluded.

Artificial Recharge * Lee Valley 100% recovery 233 26.5 4.2 0.31 Cost estim ates include treatm ent of recharge  
water, transm ission of recharge w ater to the 
recharge site and recharge and supply wells. An

* Lee Valley 70% recovery 133 18.8 3.6 0.45 additional 1.3 risk factor has been applied  to 
account for the age and uncertainty of the original 
estim ates. Distribution costs are excluded

Direct Effluent Reuse M ogden 68 39 0.6 0.67 Cost estim ates include capital and operating costs 
for effluent treatm ent and transfer works. A 25%

Deepham s 38 13 0.4 0 .46 contingency is app lied . Estim ates exclude water 
supply treatm ent and distribution cost9.

Desalination Seawater d istillation  with energy  
recovery

- - - 1 1.7 to 2.0 Production costs taken from various  
m anufacturers and independent consultant 
estim ates. In general, the estim ates do not include

Seaw ater RO f2 .9  to 3.3 distribution costs, are based on all year round 

production and are taken over the life of the plant,
Brackish W ater RO • - - f  1.6 to 1.85 15-25 years.

Tankers and W ater 
Sacs

Tankers, various routes - - - 13.81 to 5.86 Cost estim ates include vessel charter, water sac 
purchase, fuel consum ption, port charges and 
w ater costs (treated water 3 0 p /m 3). Estimates

W ater sacs * 16.28 exclude the capital costs of the load ing /un loading  
facilities and distribution costs.

NB With the exception of tankers and watersacs and desalination, costs exclude final treatment. All costs exclude distribution. Continued overleaf
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Table 1.1
SUMMARY OF OPTION COSTS (Continued)

O PTIO N S C H EM ES YIELDS1

M l/d

CAPITAL
C O STS

£M

ANNUAL
OPERATING

CO STS
£M

UNIT CO STS  

£ M /M I/d

C O M M E N TS

Craig Goch 
Enlargem ent

366 TWL Dam (Severn R eg’n Only) 775 104.8 0.80 0 .147 Cost estim ates include;construction and operating  
costs for the dam  and transfer works to regulate  
either the Wye or Severn. Estim ates exclude the

366 TW L Dam (Wye R eg ’n Only) 775 71.8 0 .80 0.104 costs of transferring the w ater from  the Wye or 
Severn to the m arginal dem and centres. W ater

373 TWL Dam  

385 TWL Dam

1030

1455

127.2  

162.4 .

0.86

3.24

0.133

0.137

treatm ent and distribution costs are also 
excluded.

Vyrnwy R edeploym ent Option 1 +300 0.0 0.8 0.03 Cost estim ates exclude the cost of developing  
alternative resources in the North W est and the

Option 2 +300 4.3 0.8 0.04 cost of transferring the w ater from  the Severn to 
the m arginal dem and centres. Treatm ent costs,

Option 3 +300 5.9 0.8 0.05
distribution costs, and, for Option 3, the costs of 
decom m issioning the reservoir are also excluded.

Kielder Transfer To River Ouse (Yorkshire) 325 28.2 0 .76 0 .113 Cost estim ates exclude the cost of licences and 
contribution to the existing Kielder infrastructure 
works. Also excluded are the costs of transferring

To River With am 325 99.3 2.35 0 .387 the w ater from the Ouse to Yorkshire region  
dem and centres or the W itham  to Anglian region 
dem and centres, which would be significant.

1 National W ater Grid 1100 767.8 38.5 1.09 Cost estim ates exclude the cost of the river 
regulation sources and treatm ent and distribution  
costs.

1 Yields m ay be at point of production or use • see text
Lee Valley schem e as described by WRB.

t  Costs given in Section 5 have been converted from  £ /m 3 to £ M /M I/d  by dividing by 0 .243  x 10 '6, this assum es the plant has a life of 30 years.
+ Assumed yields, see Section 9.

NB With the exception of tankers and watersacs and desalination, costs exclude final treatment. All costs exclude distribution.
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2 BARRAGES

2.1 General

In 1966 the Water Resources Board (WRB) expressed concern that in the 
north and south-east of England the forecast public water demand would 
exceed the reliable yield of existing resources51*. They recommended that 
regional investigations be undertaken of new potential water resources. 
Prominent among these were feasibility studies of water resource barrages 
on:

•  the Wash;
•  Morecambe Bay;
• Solway Firth; and the
• Dee Estuary.

The work involved hydrological, engineering, costing and resource 
development studies, as well as environmental studies into the ecological 
and social impact of the barrages. The work was progressed principally 
through desk studies, although, physical models of the Wash and 
Morecambe Bay barrages were constructed to test the impact of various 
configurations on sediment transport.

None of the above schemes have been developed. In the North, forecast 
demand did not materialise and In East Anglia other, cheaper resources 
were developed (eg Rutland Water).

During their studies the WRB proposed tidal barrages and sluices at a 
number of other sites. These included:

• River Lune,
• Cambrian Derwent,
• Yorkshire Derwent,
© River Severn,
• Great Yarmouth,
• Chichester Harbour, and
• River Crouch.

Of the above, only the Yorkshire Derwent barrage was successfully 
promoted and built. Many of the schemes suggested - including the 
Yorkshire Derwent as developed - were tidal sluices rather than full estuary 
barrages; the dam being across the upstream neck of the estuary rather 
than its mouth. The tidal sluice prevents saline intrusion but provides 
minimal upstream storage. The reliable yield of such schemes is determined 
by the residual flow to the estuary.

In addition to water resource barrages there are three other main 
applications for river/estuary barrages. These are hydro-electric power 
generation, amenity, and flood protection. However, with the exception 
amenity barrages which could be developed with a secondary water
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resource function, these have no water resource value. In the following 
sections, therefore, discussion is limited to water resource barrages only.

2.2 Water Resource Tidal Barrages

Water resource barrages were first conceived as low barriers across the 
estuaries, above the high tide mark, impounding fresh water upstream and 
preventing tidal intrusion downstream.

The advantages of a full tidal barrage are summarised below:

•  the estuary represents a large storage area, the flooding of 
which results in no loss of agricultural land, or dwellings;

•  the yie ld/storage ratio of the reservoir is high since the inflows 
are large and the critical period is short; and

•  major demand centres are often located close to river estuaries 
and therefore barrages can represent an Important strategic 
resource.

However, there are major engineering and environmental problems 
associated with full tidal barrages and alternative, bunded reservoirs were 
proposed on the Wash and Morecambe Bay to  reduce these problems and 
potential impacts.

The WRB proposals for the Wash and Morecambe Bay barrages(2,3) have 
been reviewed to determine:

•  the magnitude and range of engineering challenges;

•  the potential yield of the barrage and importance as a regional 
and national strategic resource;

•  the environmental impact of the various schemes;

•  costs.

Attempts to gather information on a third barrage location; the River Dee, 
have been unsuccessful. It has been estimated that a Dee barrage, if 
constructed, could yield up to 300MI/d(S). This would represent an important 
source in the North West region to meet demands in Liverpool and the 
Wirral and allow redeployment of Vyrnwy reservoir. However, it is 
considered unlikely that a Dee barrage could be promoted due to the 
environmental sensitivity of the area.
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2.3 : The Wash Barrage

2.3.1 Engineering Considerations

In 1968 the Water Resources Board commissioned a consultant to 
undertake a desk study of the scope of water storage In the Wash(4). The 
engineers concluded that a barrage to  enclose the whole of the Wash was 
beyond the limits of existing technology and although a barrage to enclose 
approximately the river half of the Wash was feasible, a more acceptable 
alternative would be bunded reservoirs on the foreshore.

A major engineering difficulty relating to the construction of the full barrage 
would be the final closure of the basin. The barrage embankments would 
be constructed either of rock or hydraulically placed sand, with a seaward 
toe of rock and a rock facing where the embankment would be exposed to 
waves or tidal action. It was proposed that the embankment would be 
constructed leaving gaps which would allow tidal flows and would be closed 
by filling with dumped rocks, big enough to resist the velocity of the current 
through the gap. An alternative would be to build into the embankment 
concrete caissons which could be floated out, placed in position and closed 
using mechanical sluices.

Plans for a full enclosure barrage were therefore abandoned, in favour of 
bunded reservoirs constructed on the foreshore to be filled by pumping 
from upstream river abstractions. The reservoir embankments would have 
to be high enough to prevent overtopping during the highest tidal surges 
and strong enough to withstand wave erosion in the severest storm.

The closure problems in the construction of the reservoirs would be 
generally less than for the full barrage; the reservoirs would be located on 
higher ground, and the tidal volumes would consequently be much less than 
those of the full barrage.

The comparative levels of the stored water and the sea level meant that 
seepage losses through the embankment would be small and would not 
warrant the cost of attempting to achieve a water-tight construction.

A full barrage would impede the free drainage of the land around the shores 
of the estuary; to prevent flooding new drainage and pumping systems 
would be needed to direct water around the barrage. With bunded 
reservoirs, drainage problems are not as significant.

A full feasibility study of the bunded reservoir schemes was authorised in 
1971, which included the building of physical and computer models of the 
Wash and construction of two trial embankments. The studies cost £2.6 
million over 6 years.

In the final proposals two reservoir stages were envisaged:

•  Stage 1 - a 65,000 Ml storage capacity reservoir
with a yield of approximately 180 M i/d

2-3



•  Stage 2 a 200,000 Ml storage capacity reservoir
with a yield of 240-300 M l/d.

The reservoirs were assumed to have a depth of 10m and areas of 6.5km2 
and 18.0km2 respectively.

Site investigations and hydraulic modelling studies were used to select 
reservoir sites on the foreshore between the outfall channels of the rivers 
Nene and Great Ouse and to the east of the Great Ouse channel. The 
positioning of the reservoirs was important to:

•  minimise the interference with natural accretion and erosion in 
the estuary;

•  avoid the Nene and Great Ouse outfall channels, thus removing 
the need for expensive channel training works;

•  avoid areas of high tidal cross flows in the west of the estuary; 
and

•  minimise the loss of sandbank and marsh, which represent 
important feeding areas for various bird species.

2.3.2 Resource Yield and.Water Quality Considerations

The proposed bunded reservoirs would operate as pumped storage, with 
water being taken from the Rivers Nene, Great Ouse, Wltham and Welland. 
The storage in the reservoirs would supplement tidal limit abstractions from 
the rivers during times of low flow. The yield of the reservoirs would 
depend upon:

•  the river flow characteristics;
•  the perm issible’residual flows be low the tidal limit;
•  the volume of reservoir storage; and
•  the capacity of the transfer pumps.

The Great Ouse and Nene river systems together account for over 70% of 
the total catchment draining to the Wash, and the first two reservoirs would 
be filled from these rivers. Subsequent stages of development if found to 
be economic would have included abstractions from the Rivers Welland and 
Witham. The consulting engineer’s desk study'41 concluded that a 3 to 4 
staged development fed from the four rivers would be uneconomic; the 
feasibility studies were therefore limited to  two stages with emphasis on 
supply from the rivers Great Ouse and Nene.

An assessment of yield was made using basic hydrological data and the 
1933/34 flow conditions as the design drought sequence. The yields were 
also assessed using a catchment simulation method developed by the WRB 
which used synthetic flow data generated over a 50 year period. A 
summary of these yields for different sized reservoir schemes is given below 
in Table 2.1.
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Table 2.1 Yields for Wash Reservoir Schemes

Reservoir Storage Capacity 103MI Yield M l/d

100 200

200 350 to 400

300 430 to 525

The above yield estimates allowed for the following major developments in 
the contributing river catchments:

•  Ely Ouse to Essex transfer;
•  Little Ouse groundwater development;
•  Grafham Water, including a proposed intake at Brownshill;
•  Rutland Water;
•  Trent-Witham-Ancholme transfer;
•  Lincolnshire Limestone aquifer development; and
• power station developments on the Ely Ouse at Denver and on 

the Bedford Ouse at Elstow.

In total these schemes represented an average abstraction of 100MI/d by 
1981.

The yields were based upon the following residual flows in the two rivers 
at the tidal limits.

Great Ouse: Ely Ouse at Denver 114 Ml/d In summer
318 Ml/d In winter

Great Ouse: Bedford Ouse at Brownshili 91 Ml/d

Nene: At Wansford 136 Ml/d

These flows compare with Q95 flows of 175 M l/d, 85 Ml/d and 93 M l/d on 
the Ely Ouse, Bedford Ouse and Nene respectively at the above locations.

Currently, work is being undertaken by Binnie & Partners on behalf of NRA 
Anglian Region, looking at the environmentally acceptable residual flow 
requirements for the Ouse estuary. Results are not yet available but, 
depending upon the conclusions reached, the potential yield of Wash 
bunded reservoirs could change.

Water quality at the tidal limits of the Bedford Ouse, Ely Ouse and Nene 
was found to be generally satisfactory for public supply. However, the 
Bedford Ouse is prone to high nitrate levels at times of very low flow or of 
high flow immediately following periods of low flow. To avoid the possibility 
of taking water with high nitrate concentrations into the reservoirs, the 
consulting engineers recommended that abstraction from the Bedford Ouse
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should be reduced at such times of high flow; and that water quality 
m onitoring and bankside storage be provided.

A problem with all barrage schemes is the diffusion into the stored fresh
water of salt trapped in the bed of the reservoir. It was concluded that the 

. chloride concentration could be limited to acceptable levels given careful 
management. On completion of construction the reservoir would need to 
be pumped out and flushed with fresh water. In the first few years after 
commissioning, a steady throughput of fresh water would be needed to limit 
the rise in chloride concentration that would- otherwise occur due to 
diffusion from the reservoir bed.

The general conclusions from the WRB studies were:

•  a full enclosure barrage across the Wash was not technically 
feasible or environmentally desirable;

•  it was technically feasible to construct bunded pumped storage 
reservoirs with a total storage of 265,000 Ml and yield of 450 
M l/d at a cost of £399m (updated to Q3 1992). These costs 
include for embankment construction, Intake and transfer works;.

•  further reservoir development was believed to be uneconomic 
due to  limited river flows; and

•  bunded reservoirs in the Wash were uneconomic when 
compared with more conventional inland schemes and, based 
on forecast demand, they would not be required until beyond 
the year 2000.

2.3.3 Environmental Considerations

Abstraction to storage lagoons or impoundment behind a barrage within the 
confines of the Wash of freshwater from rivers draining to  the Wash ie the 

...Great Ouse, Nene, Welland and Witham has been extensively 
investigated0,4’. Work reported in these studies concluded that small 
bunded reservoirs located on the foreshore were- more desirable on 
technical grounds than a full barrage constructed across the Wash. A 
variety of designs in different locations was therefore examined and 
predicted environmental impacts extensively investigated.

The follow ing presents a summary of likely environmental impacts as set out 
in these documents.

_ The Desk Study(4) describes the Wash to be a large inlet of the sea which 
has breached the mid-Norfolk and Lincolnshire Chalk Wolds and flooded a 
basin of softer deposits to the South West. Within a total area of 620 km2 
just under a half is stated to consist of gently sloping intertidal sand and 
mud flats, comprising 10% of all sand and mud flats in Britain (Desk Study 
amplified by work reported on in the Feasibility Study<2)). These are stated
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to support large populations of invertebrates which in turn support very 
large numbers of wading birds and wildfowl, both resident and migrant.

Landward, the studies describe large tracts of salt marsh and locally dense 
mats of macroalgae which are also important for birdiife. In addition, 
studies highlight the presence of macroalgae whose mucilage has been 
found to stabilise the fine sediment prior to salt marsh colonisation. Land 
beyond the saltmarsh is described as flat, intensively farmed and continually 
reclaimed for agriculture. The Wash is also stated to support the largest 
single concentration of Common Seals in the British Isles and to be one of 
the most important areas for shrimp and shellfish particularly cockles and 
mussels (Desk Study and Feasibility Study). Overall, the nature 
conservation value of the Wash Is recognised in designation as a Site of 
Special Scientific Interest, a RAMSAR site and a Special Protection Area. 
As a result, impacts on shrimp and shell fisheries and nature conservation 
arising from reservoir construction on the foreshore and altered 
sedimentation near to the reservoir bunds would be important. Abstraction 
to storage could also affect the hydrology, sedimentation patterns and 
riverine or estuarine ecology at the abstraction sites and tunnelling or laying 
of pipelines to transport the water may have localised impacts on land use, 
nature conservation and cultural artifacts. Finally, the siting of storage 
reservoirs on the foreshore may have implications for land drainage, land 
reclamation, recreation and amenity uses and commercial activities 
including fisheries, navigation and shipping.

Impacts on a number of environmental aspects were examined and reported 
on In the Desk Study and the Feasibility Study. The salient points are as 
follows:

(a) Foreshore Areas

•  Vegetation

The major direct effect of reservoir construction and operation 
at the locations examined was considered to be the removal of 
mud flats including part of the algal rich zone important as a 
precursor to saltmarsh development. In addition, salt marsh 
may be affected depending upon its seaward extent at the time 
of reservoir construction. New saltmarsh may develop as a 
result of increased sedimentation near to the reservoir bunds. 
However, in 1976 when the studies were reported, none of the 
layouts proposed were considered likely to eliminate saltmarsh 
with unique floristic features01.

•  Invertebrates

Loss of invertebrates due to reservoir construction and loss of 
foreshore was not considered excessive, although this was 
qualified by limited survey information at the time of the 
investigation. Increased loss of invertebrates was, however, 
predicted to occur if borrow pits are dredged outside the
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reservoirs to provide sand and if accretion occurs seaward of 
the reservoir bunding.

•  Birds

Removal of intertidal invertebrate habitat was considered likely 
to have a direct effect on birds using these areas as feeding 
grounds. The extent of this impact, however, was found to vary 
depending upon the location of the reservoir bunds. Overall, 
studies predicted that Knot and Shelduck would be adversely 
affected at all reservoir sites examined, particularly those to the 
east of the Great Ouse. Sites on Breast Sand would also 
adversely affect Grey Plover, Redshank, Dunlin and Turnstone(1>.

•  Marine Fish and Fisheries

The direct impact of reservoir construction was considered to 
be enclosure of Intertidal areas some of which are currently 
fished, although the importance of this was difficult to predict. 
Pink shrimp were thought to be unaffected, whereas brown 
shrimp were considered likely to be affected by some reservoir 
designs. Indirect effects due to changes in siltation patterns 
were also highlighted. Fish were not considered likely to be 
affected.

•  Seals

Work reported in the Studies indicates that seals were unlikely 
to be adversely affected In the long term, although changes in 
sedimentation patterns could affect hauj out sites, and reservoir 
bunds located between the Nene and the Ouse may restrict 
access to saltmarsh areas for breeding.

•  Reservoir Ecology

Work reported in the Studies highlighted the potential for 
Induced colonisation of reservoir water by fish and birds. In 
addition, storage of eutrophic water from the Wash rivers in 
lagoons could lead to algal blooms. As a result, the Feasibility 
Study recommended continuous monitoring of water quality at 
the abstraction sites.

(b) Effects at Abstraction Sites

Increased abstraction from the tidal reaches of the Nene and the 
Great Ouse was identified by work reported in the Studies as likely 
to reduce further the number of organisms present, although this 
impact might be mitigated by increased use of seaward sections by 
shrimp or fish following further upstream saline penetration. 
Construction of tidal sluices at the abstraction sites was considered 
likely to enhance upstream fen vegetation growth. Some accretion

2-8



in the tidal reaches of the Wash rivers was also thought likely to 
. occur. In particular, sand and mud were considered likely to 

accrete in tidal reaches of the Great Ouse and the Nene, whereas 
abstraction from maintained freshwater flows in the Ely Ouse and 
the Bedford Ouse was considered to give rise to minimal accretion.

Impacts on the Ouse Washes, an area of flood land lying between 
the New and Old Bedford rivers extending from Earith to Denver was 
also considered. The Washes are highly attractive to wildfowl, have 
been designated a Site of Special Scientific Interest and are 
recognised under the RAMSAR convention as being of outstanding 
international importance. Work reported In the Studies indicated 
that it would be possible to take water from the Bedford Ouse and 
the Ely Ouse without adversely affecting the hydrological regime of 
the Ouse Washes.

(c) Land Drainage

Any reservoir scheme will affect the land drainage of areas adjacent 
to the Wash by changing tidal levels, the movement of sand and silt, 
and channel discharge characteristics. The Feasibility Study(2) 
concluded that although land drainage would be only slightly 
affected, as river bed levels would be near to their upper limits, 
some additional pumping may be needed. Existing gravity drains 
might also require pumping.

(d) Sea Defence, Navigation, Port Facilities, Transport and 
Communications

Any water conservation scheme in this locality will affect existing 
arrangements for sea defence, navigation and transport. This was 
highlighted in the Desk Study(4) and addressed in the Feasibility 
Study(2) where it was found that impacts could be minimised with 
careful design.

In particular, navigation to the port of Kings Lynn was stated as 
likely to be adversely affected by a scheme to take freshwater from 
above the Earith Staunch or by schemes which include sluices built 
across the lower reaches of the New Bedford River. The presence 
of reservoirs would also probably cause a slight increase in the 
amount of material brought into the approaches to Kings Lynn and 
any accretion in the River Nene was stated as likely to require 
dredging. Work reported in the Feasibility Study{2), however, did not 
include adverse impacts on the width or the depth of the navigable 
channel to Kings Lynn because of the strength of ebb flows. 
Indeed, abstraction of freshwater from the Great Ouse was thought 
to possibly cause scour in the Marsh Cut (seaward of Kings Lynn) 
thereby increasing navigable depths.
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(e) Recreation and Amenity

It was recognised that wild fowling and bird watching along the 
southern foreshore of the Wash could suffer to some extent 
depending upon the length of foreshore lost and the use put to land 
reclaimed inshore of the reservoir. Storage reservoirs were also 
recognised as likely to have some potential for recreation. In 
addition, the Feasibility Study<2) pointed to possible increased 
recreational activity such as bird watching, golf and informal activity 
on land reclaimed as part of reservoir construction. However, the 
report was doubtful that a site adjoining the Wash could become an 
Important centre for recreation because of its distance from existing 
centres of population.

Finally, work reported on in the Studies also considered visual 
design and amenity issues, where sensitive design and landscape 
treatment were identified as necessary to mitigate potentially 
adverse impacts on a flat landscape.

In conclusion, work presented in the Desk and Feasibility Studies 
established that It would be technically feasible to construct 
reservoirs in the south east corner of the bay. With respect to 
environmental impact, the Studies concluded that birds could be 
adversely affected by reservoir storage due to disturbance and 

.. change of land use leading to a loss of feeding grounds. Seals 
might also be slightly affected by disturbance, Some loss to shell 
fisheries and to agriculture would occur although this was not 
considered important in national terms. Amenity interests would be 
affected during construction, although this impact would be short
lived, and recreational activity adversely affected due to loss of 
foreshore. Visual intrusion in a largely flat landscape would need 
careful mitigation. Abstraction to storage from the Great Ouse and 
the Nene was expected to increase siltation in parts of the channels 
although this could be mitigated by dredging. Finally, the Studies 
concluded that impacts on the Ouse Marshes could be avoided.

2.3.4 Costs

The report on the Wash Feasibility Study(2) details the capital costs and 
operating costs for various sized reservoir schemes. Updated costs are 
summarised in Table 2.2; the costs have been updated to Q3 1992 and zero 
inflation has been assumed from Q3 1992 to Q1 1993. The annual operating 
cost was factored by 11.26 to give the amortised cost of 30 years' 
operation, based on a discount rate of 8%. The capital and amortised 
operating costs were summed to give an overall scheme present value from 
which unit costs for the scheme could be calculated. Treatment costs are 
not included in these estimates. The above costs were assumed to include 
for contingency but not, however, for unmeasured items (eg land purchase 
design costs). To account for this the capital costs were factored by 1.2. 
An additional 1.3 risk factor has also been applied to account for the age 
and uncertainty of the original cost estimates.
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The unit costs range from £1.19 M /M I/d to £1.61 M /M I/d, with the larger 
scheme being the more economic. However, a phased development of 
reservoir storage is likely to be cheaper than a single large reservoir 
because of the savings due to deferment of capital expenditure.

2.4 Morecambe Bay Barrage

2.4.1 Background

During the late 1960's the WRB forecast that public water supply demand 
in the North West region would rise by about 2300 M l/d, with a supply 
deficit of 1700 M l/d arising by 2001(5}. Investigations were begun into 
various inland resource developments and estuary storage locations. 
Principal amongst the estuary storage studies were those involving the 
Morecambe Bay tidal barrage.

In 1967 the WRB, following a series of desk studies, commissioned 
consulting engineers to undertake five years’ of feasibility studies into the 
construction of a tidal barrage across Morecambe Bay. in 1972 a report(3) 
was produced setting out the advantages and disadvantages of various 
ways of developing storage in the Bay, and the associated costs and likely 
environmental impacts, for comparison with inland sources.

2.4.2 Engineering

Schemes considered for storage in Morecambe Bay included:

Scheme I: A full barrage enclosing about a third of the area of the
Bay.

Scheme II: Separate barrages across the main rivers Kent and
Leven, with additional storage in a bunded reservoir to 
the north of Morecambe.

Scheme III: Tidal sluices built on the rivers Kent and Leven to
provide intakes for water to  be pumped to bunded 
reservoirs into the Bay and north of Morecambe.

The potential engineering problems identified during the studies were, in 
general, similar to those for the Wash barrage. These were:

•  embankment closure;
•  embankment protection;
•  land drainage; and
• siltation seaward of the barrages.

The construction of a full enclosing barrage, unlike at the Wash, was 
believed to be possible across Morecambe Bay due to lesser tidal flows. 
Proposals were put forward to construct a new highway across the full and 
partial barrage schemes, thus improving communications to the town of 
Barrow-in-Furness, stimulating the local economy and thereby enhancing
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the benefits of the barrage. Details of the costs for the three schemes are 
given in Section 2.4.5.

2.4.3 Resource Yield and Water Quality Considerations

The yields of the various schemes were assessed assuming residual flows 
to the estuary of 5% of the daily average flows of the catchments. For the 
rivers Leven, Crake and Kent these residual flows are less than half the Q95 
flows, the residual flow guide level commonly applied by the National Rivers 
Authority. The yield figures (see Table 2.3) given in the WRB report(3) 
should be therefore treated with caution when used to  calculate unit costs 
fo r comparison with other schemes.

A cost benefit analysis of the three schemes found the full barrage, with two 
lane highway, to have the lowest present value and therefore to represent 
the 'best' economic option.

Proposals for the barrage did not develop any further since the forecast 
rate of growth in demand did not materialise. In 1991 the private water 
supply demand in the NRA’s North-West region was 2574 M l/d (6), this 
compares w ith an interpolated forecast demand of 3841 M l/d from the 
WRB(5) forecasts.

A large Morecambe Bay barrage scheme of above 2000 M l/d would not be 
required to meet focal demands in the short or medium term forecast 
horizon and the barrage is too remote to be used as a strategic resource 
or to enable the economic reallocation of other resources. In the North 
West, the potential for development of a tidal barrage would be better met 
on the River Dee rather than Morecambe Bay. However, the environmental 
studies at Morecambe and on the Wash suggest that any form of barrage 
scheme, particularly an enclosure barrage, would be difficult to promote.

The feeder rivers Leven and Kent are upland, sparsely populated 
catchments. Therefore the quality of water stored in any barrage scheme 
was expected to be good. It was envisaged that all effluents from the towns 
and industries could be diverted beyond the barrage and therefore apart 
from  the discharge at Kendal there would be little pollution. The barrage 
would need flushing during the final stages of construction and during the 
first year of operation.

2.4.4 Environmental Considerations

Morecambe Bay contains the largest single area of littoral sand and mud 
fiats in Britain. These support rich invertebrate communities, large mussel 
beds, important saltmarsh communities and Internationally important bird 
populations, and are of substantial nature conservation interest. This is 
evidenced by the extensive protection of Morecambe Bay by means of 
RAMSAR, Special Protection Area, National Park, Area of Outstanding 
Natural Beauty designation and local ownership by the RSPB an the 
National Trust to  conserve its natural flora and fauna.
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Three barrage schemes have beerr considered, a full barrage, an upper 
barrage across the rivers Kent and Leven, and pumped storage reservoirs 
built into the Bay.

A full barrage will prevent tidal movement in and out of most parts of the 
Bay with consequent impacts on salinity and sedimentation patterns. Much 
of the mud and sand flat areas will also be inundated on a permanent basis. 
Thus, the full barrage option was predicted to  have a significant impact on 
the ecology of a substantial portion of the Bay, particularly the sand and 
mud flat areas of substantial nature conservation interest. Whilst it was 
noted that there would be scope fo r the creation of new wildlife habitats, 
albeit freshwater, to compensate for these losses, conservation of existing 
tidal areas was preferred.

Likely adverse impacts were summarised as:

•  loss of a large area of inter-tidal feeding grounds for wintering 
waders such as Oyster catchers, knot, curlew;

•  loss of salt marsh and resulting high tide roosting areas for 
waders and feeding and breeding grounds for duck and other 
species; and

• loss of Important nursery for flounders and a large part of the 
present shrimp and shell-fish collecting areas.

Possible adverse impacts included:

•  Reduced runs of salmon and sea trout.

•  Raised groundwater tables inland leading to adverse impacts on 
mossland sites of nature conservation interest.

Possible gains were thought to include:

•  Increased numbers of marsh birds, ducks and seabirds such as 
terns if islands or marshland within the reservoir were created; 
and

• increased numbers of freshwater fish.

The construction of a barrage converting a large area of the Bay to 
freshwater will destroy some of the commercial fish and shellfisheries in the 
Bay, of which shrimp fisheries are the most valuable. In particular, much of 
the area fished from Flookburgh, the Kent Estuary and Hest Bank will be 
dried out and access denied to the rest of the Bay from these stations. 
Whilst most of the area fished from Morecambe will be outside the barrage, 
it was also considered that channels might be silted up, and that 
construction works might have an adverse impact on shrimp fisheries 
accessed from Morecambe.
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Both main rivers flowing into Morecambe Bay, the Kent and the Leven, have 
importaht runs of salmon and migratory trout. Other rivers and streams also 
support m igratory salmonid populations. These fish are highly valued for 
their angling interest. Whilst fish passes facilities will be included In any full 
barrage design, some deterioration of salmon runs was expected.

Impacts on agriculture, amenity and recreation of a full barrage were 
considered. It was found that 4,700ha acres would benefit from .improved 
drainage as an integral part of barrage construction, resulting in a net 
agricultural benefit. It was considered that the structure and associated 
works could be assimilated into the landscape, and the scheme designed 
and managed to give rise to substantial recreational potential.

The impact of the lesser barrage schemes ie upper barrages across the 
Kent and Leven of restricted area and pumped storage reservoirs built into 
the Bay, were summarised as shown in Table 2.4.

It was concluded that the full barrage scheme would have the greatest net 
advantages. This conclusion was based on cost-benefit analysis which 
attempted to evaluate and determine the costs and benefits to the 
com munity of barrage construction In financial terms. The costs and 
benefits to  ecology and fisheries were largely unquantified. It is likely that 
cost benefit analysis conducted nowadays would attempt to quantify effects 
on ecology and fisheries, and that in any case impiacts on the ecology of 
Morecambe Bay would assume greater importance due to its recognised 
importance to  nature conservation.

2.4.5 Costs

Costs for the Morecambe Bay storage schemes have been taken from the 
1972 WRB feasibility study report(3) which incorporated the finding of the 
Economic Study Group. A full cost-benefit analysis of the different resource 
schemes was undertaken by the study group; they concluded that a full 
barrage w ith highway would be the most cost beneficial. However, on 
grounds of engineering risk and environmental concerns pumped storage 
reservoirs with river sluices were the final preferred option.

Updated costs for the three main schemes as described in Section 2.4.2 are 
given in Table 2.5. The capital costs have been factored by 1.2 to take 
account of unmeasured items. It has been assumed that the WRB estimates 
include fo r contingencies. An additional 1.3 risk factor has also been 
applied to  account for the age and uncertainty of the original cost 
estimates.

The data has been updated and set out as with the Wash barrage costings 
and the costs do not include for treatment.

The updated unit costs for the Morecambe Bay schemes range from 
£0.34M /M I/d to £0.41 M /M I/d . The very low cost of Morecambe in 
comparison with the Wash may be explained in part by the high yield 
estimates (see Section 2.4.3).
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2.5 Comparison of Schemes

Construction of pumped storage in the Wash and an enclosure barrage 
across Morecambe Bay are feasible engineering projects. The principal 
storage reservoir option would be more environmentally acceptable than a 
full enclosure; however, both types of scheme could have significant 
impacts.

The Morecambe Bay scheme is too remote from the regions with forecast 
supply deficits for it to be strategically important. The updated estimated 
costs for the Morecambe Bay schemes are low. This is thought to be due 
partly to an over estimation of scheme yield, and partly because of the age 
of the original work (1972).

A proposal to develop a full barrage across the Dee estuary was estimated 
to yield 300MI/d. Although details of this have not been investigated it is 
believed that the Dee barrage would not be promotable because of the 
environmental importance of the site.

The Wash pumped storage proposals could yield up to 450MI/d, enough to 
meet the forecast 2021 deficits in the Anglian and part of the Thames NRA 
regions.

However, the estimated cost of the scheme Is high, even excluding the 
additional cost incurred in distribution of water from the Wash to the 
demand centres, and alternative land based reservoir schemes may be more 
appropriate.
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Table 2.2 Wash Reservoir Scheme Costs

Development Yield
Ml/d

CAPITAL COSTS £M Annual 
Operating 
Costs £M

30 years’ 
Amortised 

Costs x 
11.26

Capital 
and 

Operating 
Costs x 

1.3

Unit Cost 
. £M/MI/d

Embankment T ransfer 
Works

Total 
x 1.2

STAGE 1 ALTERNATIVE ,
33,000 Ml Storage 110 67 43 132 0.345 3.9 176.7 1.61

65,000 Ml Storage 180 95 61 187 0.508 5.7 250.5 1.39

265,000 Ml Storage 450 236 96 399 1.262 14.2 535.9 1.19

STAGE 2 ALTERNATIVE

65,000 Ml (following 33,000) 
Storage

120 82 25 129 0.296 3.3 172 1.43

100,000 Ml (following 65,000) 
Storage

150 114
i

15 155 0.475 5.3 208.4 1.39

200,000 Ml (following 65,000) 
Storage

270 , 207 45 302 0.754 8.5 403.7 1.50
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Table 2.3 Morecambe Bay Tidal Barrage Storage and YIeld9

Scheme Length of 
barrage 

km

Area of 
reservoir 

km2

Storage 
Ml x 103

Yield
Mt/d

Scheme I: Full barrage 18.6 328 2200

Scheme II: Separate 
Leven & Kent barrages & 
bunded reservoirs

10.5 26 298 2050

Scheme III: Tidal sluices 
and bunded reservoirs

3.5* 42* 322 2050

* Estimated figures
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Table 2.4 Comparison of Environmental Impacts 
of Upper Barrages and Pumped Storage Reservoirs in Morecambe Bay

UPPER BARRAGES PUMPED STORAGE 
RESERVOIRS

Agriculture 4,500ha acres to benefit 
from improved drainage

4,200ha acres to benefit 
from improved drainage.

Fisheries Little effect on existing 
fisheries, including shrimp 
fisheries.

Very little effect on 
existing fisheries, including 
shrimp fisheries.

Wildlife Ecological Impact less 
than in the case of the full 
barrage but dependent on 
precise location of 
barrages. Some scope for 
habitat creation and 
enhancement.

Ecological impact less 
than in the case of the full 
barrage. Impact will 
depend on precise 
location of storage 
reservoirs. Minimal scope 
for habitat creation.

Landscape and 
Amenity

More landscape difficulties 
than with a full barrage 
but less than with pumped 
storage reservoirs.

Most difficult to assimilate 
into the landscape. 
Amenity effects could be 
more damaging than with 
a full barrage.

Recreation Recreational potential will 
be less than that arising 
from the full barrage. 
Mainly of regional 
significance only.

Most modest recreational 
potential.
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Table 2.5 Morecambe Bay Storage Scheme Costs

Development No of 
Stages

Yield
Ml/d

Capital 
Costs x 
1.2 £M

‘ Annual 
Operating Costs 

£M

30 years’ 
Operating Costs 

£M

Total 
Costs 

£M x 1.3

Unit Costs 
£M/MI/d

Scheme I 

Full barrage 1 2050 510 5.7 64 746 0.36

2 2050 : 540 5.7 64 785 0.38

Scheme I)

Separate barrages 
and pumped storage

2 2050 480 5.7 64 707 0.34

3 2050 576 5.7 : 64 832 0.41

Scheme III

River sluices and 
pumped storage

2 2050 547 5.7 64 794 0.39

3 2050 547 5.7 64 794 0.39

Based upon operating costs calculated for the Wash Barrage

2-19



REFERENCES

‘Water Supplies in South East England' Water Resources Board, 1966 
HMSO

‘The Wash Water Storage Scheme - Report on the Feasibility Study’ Central 
Water Planning Unit, 1976, HMSO

‘Morecambe Bay: Estuary Storage’ Water Resources Board, 1972, HMSO 

‘The Wash: Estuary Storage. Report on the Desk Study’ WRB 1970, HMSO 

‘Water Resources in the North’ WRB, 1970, HMSO

'Water Resource Planning - Strategic Options’ Sir William Halcrow & 
Partners Ltd, 1991



3 GROUNDWATER RECHARGE

3.1 General

Artificial groundwater recharge is the accelerated recharging of aquifers with 
a surface water resource, either to increase water stored within the aquifer 
or to treat water for subsequent abstraction.

For a recharge scheme to be effective, certain hydrogeofogical conditions 
are required. In particular, the aquifer to be recharged needs to:

(a) have a utllisable storage deficit;

(b) possess groundwater flow characteristics which retain a significant 
proportion of winter recharge sufficiently long to allow summer 
abstraction, rather than losing it to riverflow earlier in the year.

There must also be a suitable source of water of appropriate quality to be 
used for recharge when needed.

The storage deficit could be developed by pumping during the summer, 
subject to environmental constraints.

Groundwater flow characteristics will be controlled by the conformation of 
the aquifer and its relationship with potential points of natural outflow 
(springs and rivers). A synclinal structure is well-suited to meeting condition
(b) above; however examples of significant aquifers in this category are 
relatively few in UK. The chalk of the London Basin, and the Sherwood 
sandstone of the Cheshire basin are the most obvious; aquifer recharge of 
the former is already practised and likely to be extended, whilst quality 
problems may exist on the latter. Other, more localised situations occur 
where conditions for recharge are favourable, such as at Hardham in West 
Sussex.

The more common aquifer structure in UK - of strata with a fairly uniform 
slope which outcrop over extensive areas but become confined as their dip 
carries them below other, less permeable strata - do not generally satisfy 
condition (b) above, although localised folds may exist with good recharge 
potential.

To recharge an aquifer the following elements are necessary:

•  source of recharge water of adequate quality;

•  available storage in the aquifer (unless an equal quantity Is 
simultaneously abstracted);

•  a recharge system; usually either a borehole or ponds;

•  an aquifer with hydraulic properties which allow an adequate 
rate of recharge.
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Artificia l recharge of aquifers has the following advantages:

•  an aquifer may be developed beyond the naturally recharged 
resource;

•  an aquifer may be pumped more efficiently during abstraction 
phases due to elevated groundwater heads;

•  aquifers contaminated with poor quality water may be restored 
or saline intrusion may be prevented if groundwater heads are 
raised;

•  water storage development is below ground level and in 
contrast with surface water storage developments, the 
environmental impact is minimal.

Disadvantages of artificial recharge include:

•  the number of sites where recharge sources of suitable quality 
and aquifer storage co-exist, is limited;

•  water may need treatment to a high standard if recharge is to 
be possible and acceptable, making the scheme expensive 
when compared to surface water options;

•  individual recharge points have a limited recharge capacity and 
may have a limited life;

•  in deep aquifers recharge water may be expensive to retrieve;

•  if net gains are low, the quantity of recharged water retrieved 
by later pumping may not be adequate to justify the scheme.

3.2 Groundwater Recharge Schemes in the UK

3.2.1 General

Schemes are considered in this report which have been, or are being, 
developed for public water supply. These schemes are mostly in major 
aquifers as defined by the NRA's Policy and Practice for the Protection of 
Groundwaterc1):

Given the current NRA policy on aquifer protection, artificial recharge 
schemes using untreated sewage effluent are not considered promotable 
and such schemes have not been studied in detail in this report. One such 
scheme is currently operational in the UK however, at Winchester, where 
effluent is used to recharge the chalk aquifer. The groundwater in the area 
is intensively monitored to ensure the River Itchen is not contaminated by 
the recharged effluent. The present consent limits the recharge to 12 M l/d.
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Development of experimental and operational artificial groundwater recharge 
schemes in UK is concentrated in two aquifers, the Chalk and Sherwood 
sandstone. The schemes are reviewed below by aquifer.

3.2.2 Chalk

In the Water Resources Board (WRB) report 'Artificial Recharge of the 
London Basin,(2) three main areas were identified with high potential for 
artificial recharge to the Chalk and Lower London Tertiaries:

•  the Lee Valley area (which includes Enfield and Haringey);
•  the region between the Lower Lee Valley and Upminster (the 

Leyton - Dagenham area);
•  the Chalk outcrop in the Wandle and Ravensbourne catchments.

Of these, the Lee Valley area is developed and is being enlarged with the 
implementation of the Enfield - Haringey scheme. On completion, the two 
schemes are to be known as the North London Artificial Recharge Scheme. 
Drilling and testing are also taking place in the South London area.

Artificial recharge of the Chalk and Lower London Tertiaries in the Essex 
area is being considered by the Anglian NRA as an alternative to surface 
water developments and for the maintenance of wetland environments in 
areas of high groundwater development.

(a) The North London Artificial Recharge Scheme

The Lee Valley and Enfield - Haringey schemes are both being developed 
in the Chalk and Lower London Tertiary aquifer, in both cases surplus 
treated mains water is the source of the recharge water.

•  Lee Valley

In the Lee Valley the Chalk is mostly covered by the Lower London 
Tertiaries (Basal Sands) and Is confined by the London Clay. In two 
areas, east of Enfield and around Hackney, subclay structures and 
post Eocene erosion have removed the clay and the top of the 
aquifer is exposed. The Basal Sands, where present, are at least 9m 
thick with a thin sandy clay (the Bullhead Beds) frequently occurring 
at the base.

Transmissivity values in the Chalk of the Lee Valley increase In a 
north-south direction and high values of transmissivity can be traced 
below the Tertiary cover along the line of the river valley. The 
transmissivity of the Basal Sands is much lower and direct recharge 
of the sands is not possible. Recharge to the Chalk is rapid and the 
hydraulic continuity with the Basal Sands allow this additional 
storage to be utilised. The Basal Sands are recharged when the 
groundwater level In the aquifer rises above the top of the Chalk: 
movement of water into and out of the Basal Sands has been 
proved. The Bullhead Beds., which were initially thought likely to
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cause problems by inhibiting the movement of water into the Basal 
Sands cause only localised restrictions.

Poor groundwater quality occurs in the two unconfined areas. 
Artificia l recharge has exacerbated the quality problems which are 
thought to be due to the oxidation of sulphides on dewatering of the 
aquifer during periods of over-abstraction. At most other sites 
groundwater recharge has had little effect on groundwater quality. 
The quality in the unconfined areas is likely to improve after 
successive recharge/abstraction cycles.

Detailed work started on the Lee Valley Scheme in 1972: 6 existing 
and 6 new boreholes were prepared in the winter of 1977*1978. The 
installations were located at 1.5 - 2km spacings with average depths 
of boreholes at 120mt drilled at 0.72m diameter and wells with 
diameters of 3 - 4m with adits constructed to around 60m. 
Boreholes are dual recharge/abstraction installations and the 
recharge rates to Individual boreholes/wells vary from 2 - 20MI/d. 
The scheme uses off-peak treated mains water from local treatment 
works.

The Lee Valley scheme is not fu lly operational and presently 
produces a yield of 40MI/d. When fully operational the scheme in its 
present form should yield between 60 and 65MI/d. The final design 
yield of the scheme, however, is 80MI/d. Following the drilling of 
additional recharge boreholes the scheme is expected to meet this 
target yield.

•  Enfield-Haringey

The Enfield-Haringey Scheme is located just to the west of the Lee 
Valley. The hydrogeology, ideal for recharge scheme operation, is 
similar to that of the Lee Valley although the London Clay cover is 
complete over the area. The Basal Sands are greater than 9m thick 
over the whole of the area and the Chalk transmissivity exceeds 
I50m 2/day.

The scheme comprises 23 wells/boreholes, 14 of which have been 
newly drilled. During a drought year each abstraction point in the 
Enfield-Haringey Scheme is estimated as yielding 5-20Ml/d over a 
200 day period. The design yield of the scheme is 90 M l/d based on 
a 200 day abstraction period with a drought return period of 8 
years. Abstracted water will be transferred directly to the New River 
and then to the Lee Valley Reservoirs. The scheme is expected to 
be operational by mid 1994.

The combined resource value of the North London Artificial 
Recharge Scheme is therefore expected to  be 90 + 80 = 170 M l/d.
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Extensive modelling carried out by WRc for Thames Water resulted 
in the following conclusions on the operation and yield of the 
combined Enfield-Haringey and Lee Valley Schemes:

•  modelling of abstraction demonstrated that during a 1 in
8 year drought event only limited artificial recharge 
would be needed to maintain the design yield over the 
200 day abstraction period;

•  resources are available to support abstractions above 
the design yield;

•  the natural rise in groundwater levels and the high 
transmissivities in the area mean storage is presently 
increasing even with full design abstraction and no 
artificial recharge. This is demonstrated by the last 2 
years of net abstraction from Lee Valley;

•  continuous abstraction from the scheme for 200 days is 
unlikely except in extreme drought conditions. Additional 
modelling is planned to predict the effect of abstraction 
during second and third years of successive droughts;

•  artificial recharge will raise groundwater levels to an 
optimum level permitting maximum rate abstraction.

The following points apply to the operation of the recharge system 
for the combined scheme:

• WRc modelling indicated that after an abstraction period 
the optimum rates of recharge to the Enfield/Haringey 
Scheme would be 20MI/d over 4 years and then topping 
up at a rate of 7MI/d for the remaining 3 years between 
abstraction phases. There are restrictions on a much 
greater rate of recharge in the Enfield-Haringey 
boreholes due to limitations in the distribution system. 
Normal operations would preferably be continuous 
recharge at low rates in the northern part of the 
scheme, where the aquifer is least full, at rates of about 
iM I/d  In 8 boreholes. Recharge water should be 
available during average rainfall years for these rates.

• Storage in the aquifer in the Lee Valley area is presently 
larger; groundwater levels in the aquifer are higher. 
Rates for recharge and topping up In this area are 
estimated at 10 and 3MI/d respectively. These rates can 
be exceeded In this scheme although supplies are 
dependant on Lee Valley Reservoir levels.
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•  . There are no restrictions on the amount of water which
can be recharged although both schemes are subject to 
detailed operating agreements. In the Lee Valley short 
term high rates of recharge may be useful to 
compensate for prolonged or frequent abstraction from 
this area.

•  Recharge rates and locations are governed by the levels 
of storage in the aquifer. The development of a 
groundwater model of the combined scheme is planned 
in the future to improve the management of the 
groundwater resources. There are areas where drought 
yields are sustainable with little or no recharge whilst 
other areas may require prolonged recharge to sustain 
drought yields.

(b) South London

Thames Water Utilities Ltd are currently running a feasibility study on the 
supply of up to 82 M l/d  from 20 new and existing boreholes/wells in South 
London during drought periods; subsequently recharging the Chalk with 
surplus treated mains water.

New borehole sites have been tested at Honour Oak, Ravensbourne, 
Plumstead, Selhurst, Streatham, Shortlands and Deptford. New boreholes 
are being drilled at Bromley, Kidbrooke and East Wickham. All are currently 
only test sites forming part of the overall feasibility study. There are no 
known plans for imminent implementation of recharge schemes south of the 
River Thames.

If the scheme is implemented 2 or 3 of the new borehole sites will be 
selected fo r recharge, the other sites maintained only for abstraction.

3.2.3 Sherwood Sandstone

The Sherwood Sandstone is one of the most important aquifers in Britain 
though currently there are no associated operational long term recharge 
schemes. Several studies have been undertaken and experimental recharge 
schemes have operated which indicate that there is potential for the 
development of recharge in the Sandstone.

(a) Birmingham Racecourse Borehole

Water fo r irrigation of the Birmingham Racecourse was taken from a 
borehole from 1962 to 1965, until the sale of the racecourse. An abstraction 
licence was granted on condition that a quantity of water equal to 
abstraction was recharged annually to the aquifer.

A 340mm borehole was constructed in the Sherwood Sandstone to a depth 
of 305m, cased to 167m with an open section below. The rest water level 
In the borehole ranged from 44 to 52m, below ground level. The annual
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abstraction for irrigation was 16.4 Ml and the borehole yielded 870m3/d  for 
18m of drawdown.

Although the recharge requirement was minimal, difficulties were 
encountered recharging even this amount. Except after short periods of 
pumping the specific recharge capacity of the borehole, measured at 
5.7m3/h r  at a head of 46m, fell continuously. From the start of the recharge, 
it was known that smail quantities of suspended solids were present In the 
mains water used for recharge; these caused clogging close to the borehole 
wall. The recharge rate had declined to approximately 4.2m3/h r  by the end 
of experiments.

(b) Clipstone Borehole

Experiments with artificial recharge to the unconflned Sherwood sandstone 
aquifer were carried out in Clipstone Forest as part of the Trent Model 
Research Programme between 1969 and 1973{2).

Recharge water was taken from borehole abstractions from the same aquifer 
4.5km to the east.

The base of the Sherwood Sandstone is 120m below ground level. The rest 
water level was approximately 36.8m below ground level. The borehole was 
drilled at 940mm dia., with 900mm dia. surface casing, gravel pack and 
screens; 75mm backwashing pipes were also installed In the annulus. The 
recharge main terminated 9.5m below the rest water level and a submersible 
pump was installed for test pumping. The aquifer is a medium grained 
sandstone with up to 5% clay.

The mean specific recharge capacity of the borehole was almost 30 times 
the maximum achieved in the Birmingham Racecourse Borehole. The effects 
of recharge on the borehole performance were small even after 1 year of 
continual recharge. There was a slight decline in recharge capacity due to 
clogging. The clogging effects are most apparent at a 3-6m radius and 
calculations showed the flow velocity of recharge water to have reduced to 
0.1mm/sec at this radius. This was persistent and was found to be almost 
unaffected by the action of backwashing, pumping and surging.

Results showed 2400 m3/d  could be recharged to the Clipstone borehole 
on a long-term basis. With hindsight, if better methods had been used in 
drilling, the mean rate was expected to be nearer 5000 m3/d . However, 
irreversible clogging did occur which although having little effect on the 
period of this test, may limit the life of long term recharge boreholes in this 
formation. Increased recharge heads above ground level may have been 
advantageous.

Gas entrainment or exsolution problems were not detected and a foot valve 
was fitted at the base of the recharge main to minimise turbulence.
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(c) Norton Artificial Recharge Scheme

A third sandstone recharge scheme, operated in the Severn Trent area was 
the Norton borehole near Stourbridge. The scheme was transferred to 
Severn Trent pic at privatisation but has not been run since, or developed 

. further.

The Norton Scheme was developed between 1979 and 1986 and was briefly 
continued in 1988. A single borehole was constructed with no screens to 
a full depth of 180m in the unconfined Sherwood Sandstone. The casing 
reached 80m below ground level. Recharge injection was at approximately 
100m through 4 stainless steel tubes designed so pipe friction losses 
controlled the flow rate. These were sized to prevent cavitation and foot 
valves were not needed. Details of recharge rates are not available. The 
project was a pilot study with an associated treatment works in which the 
recharge water was treated to achieve less than 50% of the permitted 
suspended solids content of mains water. Standard treatment technology 
was used but with many fail safes for suspended solids, and high doses.

The project was unfortunately never completed. When the project was 
resurrected in 1988 the treatment plant could not be run satisfactorily to 
achieve the required water quality.

3.2.4 Other Aquifers

The only other aquifer in the UK where artificial recharge has been 
developed as part of a water resources management plan is the Lower 
Greensand aquifer. The experimental recharge scheme at Hardham, Sussex 
involved both lagoon and borehole recharge to the Folkestone Beds using 
partially treated river water.

The Folkestone Beds form part of the Lower Greensand and consist of 
around 50m of medium to fine grained quartzose sands and sandstones.

Lagoon experiments were carried out between 1972 and 1975. Three 
lagoons were constructed, each 2.5m deep and 14 x 163m In plan. Lagoon 
1 was w ithin the Folkestone Beds, while beneath lagoons 2 and 3 there was 
up to 0.5 and 1 0m respectively of river terrace gravely sands overlying the 
Folkestone Beds. The recharge water to the lagoons had a suspended 
solids content of 5 - 150mg I'1.

Eight separate recharge cycles (lagoon cleaning took place between each 
cycle) took place over 2.5 years and a total of almost 2000 Ml of water was 
recharged during this period. Sediment accumulation and the growth of 
algae were found to cause reductions in infiltration rates.

Recharge boreholes were also constructed at Hardham. These were 
screened and gravel packed. The boreholes were experimental and the 
recharge rates and the water sources are not known.
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3.3 : Groundwater Recharge in the NRA Regions

3.3.1 General

Most studies of artificial recharge and operational schemes are in the two 
largest aquifers in the UK, the Chalk and Sherwood Sandstone. In many 
areas artificial recharge has been tried in other aquifers and a few small 
operational schemes are running in alluvial gravel aquifers.

Experiments have demonstrated that recharge can take place in the Chalk 
and Sherwood sandstone aquifers at rates which could form a useful water 
resource. Quality aspects, including pH, redox potential (Eh) and suspended 
solids concentrations would need to be carefully controlled however, 
particularly In the Sherwood sandstone where problems have been 
encountered with clogging of recharge boreholes.

Individual schemes have to be considered with detailed studies of:

•  Local hydrogeological conditions

aquifer properties 
available storage 
net gain studies.

•  availability of recharge water of adequate quality.

•  comparative resource scheme costs.

A summary of the current status of research/investigations into potential 
groundwater recharge schemes is given below by NRA region.

3.3.2 Anglian

Artificial recharge has not in the past been developed in the Anglian region, 
... since the overall structure of aquifers there is not well suited to It. However, 

consideration is now being given to a study into the feasibility of artificially 
recharging the Chalk and Lower London Tertiaries in the Braintree area of 
Essex. The aquifer in this area is confined by the London Clay and has 
been heavily developed with the dewatering of the Lower London Tertiaries 
and the top of the Chalk. It was initially thought that recharge could be 
induced from the unconfined aquifer to the north west, although modelling 
carried out during the 1980’s showed this not be the case.

The Braintree scheme is an experimental development and although 
boreholes have been drilled there are presently no estimates of yields and 
likely recharge volumes. Recharge water sources have not been identified. 
A fully developed scheme is being considered as a alternative to new 
surface water resource development in the Essex area.
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Northumbria

Artificial recharge has not been considered in this region.

North West

Artificial recharge to the Sherwood sandstone, which provides 
approximately 80% of all groundwater supplies has been considered in the 
North West Region. WRc who undertook a study of the aquifer and 
produced a report on the artificial recharge potential in the north west in 
1979, found the aquifer to be unsuitable for recharge by lagoons. The study 
also investigated the potential for artificial-recharge by boreholes to 
increase water resources control saline groundwater problems. The Widnes 
area was identified as the most suitable for a water resource recharge 
scheme. This area is highly developed and storage deficits had resulted.

The high cost of artificial recharge compared to other alternatives prevented 
the development of a scheme in the North West.

Severn Trent

There have been three minor recharge schemes recorded in the Severn 
Trent region; none are presently operational.

•  Clipstone where experiments have shown artificial recharge at 
rates exceeding 2.5 Ml/d in Individual boreholes is possible in 
the unconfined Sherwood Sandstone;

•  Birmingham Racecourse Borehole failed amongst other reasons 
due to inadequate available storage In the aquifer. Rising 
groundwater problems in Birmingham have reduced the need 
for artificial recharge In this area.

• The Norton scheme near Stourbridge.

Additional details of these schemes are given in Section 3.2.

In other areas, for example the Sherwood Sandstone aquifer in the 
Doncaster area, artificial recharge would be beneficial if suitable water 
sources can be located, since the aquifer is presently over developed and 
abstraction licences have had to be reduced to come in line with the 
estimated annual recharge. Artificial recharge in this area may be possible 
if suitable water sources can be located. A potential recharge source may 
be the River Trent.

Southern

The unconfined Chalk and Lower Greensand both have potential for artificial 
recharge.
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The Hardham scheme on the Lower Greensand is no longer operational and 
there have been no further investigations since this scheme (see Section 
3.3).

Artificial recharge of the Chalk has been considered and may be 
. investigated in the future. However, this may not be cost effective due to 
stringent EC water quality standards.

3.3.7 South West

The only area in the South West where artificial recharge has been 
considered is in the Otter catchment, on the Sherwood sandstone in South 
Devon.

There are no proven technical reasons why a scheme should not be 
successful in this area. However, in order to promote such a scheme 
detailed environmental and hydrogeological studies would be necessary to 
determine the net gains from the recharge. However, the yield from any 
scheme in the Otter Valley or elsewhere in the south west is likely to be 
small, and of little value In national or strategic terms.

3.3.8 Thames

The potential for artificial recharge in the Chalk and Lower London Tertiary 
aquifer has been proven in North London, in the Lee Valley and Enfield - 
Haringey areas. Feasibility studies are presently underway in South London 
to assess the recharge potential in this area (see Section 3.1). Any recharge 
schemes in South London are likely to be on a much smaller scale than 
those to the north of the river. Additional areas where the potential for 
artificial recharge in the London Basin has been recognised are the Windsor 
area and the Wandle and Ravensbourne Catchments; there are presently no 
plans for feasibility studies in these areas.

3.3.9 Welsh

No work has been undertaken on artificial recharge, although opportunities 
may exist, particularly in Cheshire and South Wales.

3.3.10 Wessex

Artificial recharge experiments were undertaken in 1982 and 1983 to 
determine the feasibility of recharging the Carboniferous Limestone by 
diverting river flows into limestone caves. Tests were carried out in caves 
on the Whatley Brook and the Mells River. In both tests the rate of recharge 
was much lower than expected and the schemes were not developed. 
Borehole recharge was considered but not pursued.

The overall structure of aquifers in Wessex region is not well suited to 
strategic recharge. However, localised opportunities, which have not been 
investigated, may exist.
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3.3.11 Yorkshire

Artificial recharge may be feasible in the Chalk and Sherwood Sandstone 
aquifers of Yorkshire.

Minor abstractions and site dewatering discharges have been successfully 
recharged to the Chalk. Feasibility studies would be required to determine 
the potential for recharge in the Chalk and to locate recharge sources.

The Sherwood sandstone is heavily developed in many areas. Artificial 
recharge to the Sherwood sandstone is feasible but is dependant upon local 
hydrogeological conditions. Investigations may be considered in the future 
especially in the Selby area and around the southern limits of the aquifer. 
These two areas are presently heavily developed and abstractions are 
limited by annual recharge. The main concerns will include the location of 
sources of recharge water of adequate quality.

3.4 Environmental Considerations

Whilst groundwater recharge is and has been used both on a trial and fully 
operational basis, there is minimal information as to the wider environmental 
impacts of this practice.

Elements of the recharge process can be expected to affect the 
environment in a number of ways, as follows:

•  Water transfer to the recharge site (pipeline or otherwise). This 
may affect adjacent land use and would have temporary 
impacts during pipeline construction;

•  Lagoon storage and borehole construction at the recharge site. 
This may cause visual intrusion, will involve land take and may 
adversely affect land use in the locality;

• Water treatment prior to recharge. If surplus located mains 
water is not used, this may involve the construction of water 
treatment facilities, with consequent land take and localised 
construction impacts;

•  Dispersion of water of different composition throughout the 
aquifer. This may result in adverse changes in the chemistry of 
aquifer water particularly where alternating saturated and 
unsaturated conditions result in the dissolution and 
reprecipitation of sulphate containing minerals;

•  Increased and fluctuating groundwater levels in parts of the 
aquifer leading to variable leakage to overlying drift and surface 
waters. This may result in adverse changes in drift and surface 
water chemistry where alternating wetting and drying of 
previously unsaturated material leads to the dissolution and
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reprecipitation of minerals. Impacts on spring and base flow 
may also occur.

Dissolution and reprecipitation of sulphate minerals in groundwater in the 
Lee Valley (London) has been observed to lead to adverse quantities of 
sulphate in abstracted groundwater. This is thought to have arisen as a 
result of alternating saturated and unsaturated conditions in the aquifer, 
particularly where it is unconfined, due to fluctuations in groundwater levels 
arising from changes in the balance between abstraction and recharge in 
the Lee Valley.

3.5 Costs

The costs of groundwater recharge are very much scheme dependent, 
varying with the source water treatment requirements and the percentage 
recovery of the recharged water. Full costings of the existing Enfield- 
Haringey and Lee Valley schemes have been found difficult to obtain and 
only the briefest reference has been found of the cost estimates of the 
South London scheme (E16m - Surveyor, November 1992). This lack of data 
may in part be due to the experimental nature and partial development of 
the schemes.

The Water Resources Board reported an engineering and economic desk 
study into Artificial Recharge of the London Basin in 1974(3). Their report 
included economic appraisal of various recharge schemes in the London 
area, including the Lee Valley, with differing source waters and recharge 
recovery rates. The schemes described by the WRB report are not those 
currently being developed by Thames Water Utilities Ltd; however, the 
costing data contained in the report is the most comprehensive found 
through an extensive literature review. The WRB costs have been updated 
and are presented as cost estimates of an ‘average’ recharge scheme. The 
estimated costs given in Table 3.1 are updated capital and operational costs 
for a Lee Valley scheme with 70% and 100% recovery and recharged from 
the River Thames. An additional 1.3 risk factor has also been applied to 
account for the age and uncertainty of the original cost estimates.

The costs include for capital and operating costs associated with the 
following functions:

• transmission of source water to point of recharge;
• treatment of source water to a potable standard suitable for 

recharge;
• recharging;
• abstraction; and
• monitoring of groundwater levels from observation boreholes. 

Distribution costs however, are not included.

The estimated updated unit costs range from £0.31 M/MI/d to £0.53M/MI/d.
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It should be noted that geological conditions and good local water supply 
infrastructure both favour the Lee Valley Scheme.
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Table 3.1: Groundwater Recharge Costs

Development Recharge
rate
Ml/d

Yield
Ml/d

Capital t
Costs
£M

Unmeasured 
Items x 1.2

Annual | 
Operating 
Costs £M

Amortised 
Operating 
Costs £M

Total 
Cost 
£M x
1.3

Unit
Cost

£M/MI/d

Lee Valley 100% recovery 182 336 28 33.6 5.1 57.4 118.3 0.352

136 316 25 30 4.5 50.7 104.9 0.33

91 233 17 20.4 3.2 36.0 73.3 0.31

Lee Valley 70% recovery 182 250 27 32.4 6.1 68.7 131.4 0.53

136 218 22 26.4 4.9 55.2 106.1 0.49

91 133 12 14.4 2.8 31.5 59.7 0.45

| Interpolated figures

NB These figures assume that sufficient surface water resources are available to fully utilise the available underground storage. 
For the above, the surface water storage is assumed to be 250 x 103MI and the underground storage 205Mm3.
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4 EFFLUENT REUSE

4.1 Definitions

The following terms are important in understanding the concepts discussed 
in this chapter:

•  Planned reuse is the deliberate, direct or indirect, use of 
wastewater for a beneficial purpose such as potable water 
supply, industrial cooling or municipal watering;

•  Unplanned reuse is the incidental use of wastewater for a 
beneficial purpose after discharge, where the discharge is not 
made for the purpose of reuse. Any such reuse is, by 
definition, indirect reuse;

•  Direct reuse is the use of treated wastewater that has been 
transported from a wastewater treatment works to the reuse site 
without intervening discharge to a natural body of water or 
reservoir. Such reuse is sometimes called pipe-to-pipe reuse 
and is, by definition, planned reuse;

•  Indirect reuse is where wastewater loses its identity by dilution 
in a natural body of water or reservoir prior to its reuse. Such 
wastewater will thus be subject to some degree of 'self 
purification’ in addition to any treatment already carried out 
before discharge. Indirect reuse may be planned or unplanned.

4.2 Reuse for Potable Water Supply

4.2.1 Existing Level of Reuse

Worldwide, the attitude to the planned use of treated effluent for potable 
water supply is cautious because of public acceptability and health and 
safety concerns. However, indirect effluent reuse already forms an essential 
component of the water resources in many countries, including the UK, 
through the abstraction of water for public water supply from rivers into 
which large volumes of sewage effluent have been discharged.

UK lowland rivers, such as the River Thames and River Great Ouse, carry 
high proportions of effluent and are used extensively for water supply 
abstractions. 1987 figures for the River Thames01 indicate that, as an 
estimate, at average river flows, effluent accounts for 5 per cent of the total 
river flow at Swinford (serving the Oxford/Faringdon/Witney area) and, 
moving downstream, 15 per cent at Walton (serving the South London 
area). At low river flows these percentages increase to 26 per cent and 41 
per cent respectively. At certain locations during dry summers however, as 
much as 70 per cent of the flow may be derived from effluent.

The concept that at times most of the water put into supply in the London 
area has been derived from treated effluent, albeit after a degree of self
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purification, has led to some public concern. However, this is a significant 
resource and could not realistically be replaced by any alternative.

Reuse of sewage effluent for public water supply in this country is largely 
unplanned and indirect and no specifically planned indirect reuse scheme 
has so far, been developed.

A known long-term overseas direct reuse operation for potable supply is the 
pipe to pipe scheme in Windheok, Namibia(2). Since 1969, a 4.5 Ml/d 
scheme has been operating in which effluent is reclaimed in a physio- 
chemical plant and used for potable supply. The city's water supply may 
consist of 22-27% treated effluent, after blending and dilution with water 
from conventional sources. A large scale scheme which processes sewage 
effluent to potable standards on a continuous basis also exists at Orange 
County in California, USA(3). This water, however, is not used directly for 
public supply but is used for groundwater injection aimed at controlling 
saline water intrusion in the coastal area groundwaters of Southern 
California.

4.2.2 Potential Level of Reuse in the UK

There is, in theory, considerable potential for effluent reuse for potable 
water supply. Unplanned indirect reuse is increasing with time - as water 
demand rises and major sewage effluent discharges continue to be made 
to lowland rivers the level of indirect reuse through subsequent abstraction 
at downstream public water supply (PWS) intakes inevitably increases.

in addition, there is potential for planned reuse schemes. The technology 
exists to treat effluent to a standard suitable for direct, pipe to pipe reuse 
schemes(4) but such schemes leave little room for human error and have not 
been pursued in the UK. Planned, indirect, reuse schemes however, are 
being investigated. Discharge of highly treated effluents into rivers or 
reservoirs where dilution and natural purification processes further improve 
quality minimises any risk to public health and makes such schemes more 
acceptable to the public. The river or reservoir also acts as a temporal 
buffer against treatment failure. This is important since, even with 
continuous monitoring, tests have not yet been developed which give 
instant results for certain key contaminants.

The greatest potential for planned reuse schemes Is where large volumes 
of effluent are discharged to tidal rivers. Effluents discharged to tide 
cannot be utilised via downstream PWS abstractions and are, therefore, lost 
to the system.

Thames Water Utilities Ltd and the Thames Region of the NRA have been 
looking at options for the planned reuse of effluents discharged to the tidal 
Thames. Most of the potable water supply to London is abstracted from the 
River Thames above the tidal limit at Teddington Weir, and from the non- 
tidal reaches of the River Lee. Virtually all of this water is then discharged, 
after use, to the tidal reaches of these rivers and is thus lost to the 
freshwater system. If some of this effluent was . pumped to discharge
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upstream of the tidal limit It would facilitate additional abstraction, of similar 
magnitude, from the freshwater resources.

Two options for indirect reuse of effluent discharged to the tidal Thames 
have been examined In some detail and are reported on in the NRA Thames 
Region Water Resources Development Options Final Report produced by 
Howard Humphreys & Partners Ltd in April 1992(5).

These two options are the Deephams and Mogden reuse schemes. These 
two sewage treatment works are conveniently placed with respect to water 
supply reservoirs and treatment plants on the lower Lee and Thames 
respectively.

(a) Deephams Scheme

The proposal for reuse of Deephams STW effluent involves tertiary 
treatment of a proportion of the effluent followed by piped discharge 
into the William Girling raw water storage reservoir where the 
effluent will be subject to dilution and further, self-purification prior 
to abstraction for public water supply.

(b) Mogden Scheme

The proposed Mogden scheme is an interesting variation of indirect 
reuse. It is envisaged that tertiary treated effluent could be piped 
upstream of Teddington Weir to discharge to the Thames just below 
the Walton intake to the Queen Elizabeth II reservoir, in this way 
additional abstraction at the Walton intake could take place with the 
returned effluent providing the downstream residual flow in the river. 
Operation of the scheme would be triggered by flows at Teddington 
weir and storage levels in the lower Thames reservoirs. The treated 
effluent would not itself, therefore, enter the public supply system 
but would provide a resource by allowing larger abstractions from 
the river without compromising the residual flow.

The tertiary treatment envisaged for these schemes comprises sand filters 
and ozonation/de-ozonation. The filtration will remove suspended matter 
and reduce turbidity and pathogens while ozonation will reduce BOD and 
remove bacteria and viruses, providing effective primary disinfection. Such 
treatment should result in a final effluent quality superior to that of the 
receiving waters. However, before these options can be pursued further it 
will be necessary to carry out detailed and comprehensive analyses of the 
raw and presently treated effluents at these plants, especially with regard 
to the proportion and type of trade effluents received. Trade effluents are 
of particular concern with regard to the presence of organic compounds 
and metals in the effluent. If such compounds are likely to be present at 
significant levels, more advanced treatment, such as reverse osmosis, may 
be required. Advanced wastewater treatment processes are discussed 
further in Section 4.4.
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Howard Humphries reported that the Deephams and Mogden reuse schemes 
outlined above could be developed to yield a maximum of 450MI/d. 
However, due to likely problems in the promotion of effluent reuse schemes, 
full development of Oeephams and Mogden was only considered to be an 
option in the long term. Accordingly, the full resource potential of these 
schemes was not determined(5) and the Howard Humphries investigations 
were based on more limited developments. The investigated Deephams 
scheme has a resource value of 38MI/d based on a maximum capacity of 
50MI/d and the Mogden scheme, a resource value of 68MI/d based on a 
maximum capacity of 90MI/d. Costs for these schemes can be found in 
Section 4.6.

The biggest constraints associated with effluent reuse are usually those of 
health and safety concerns and public acceptability. The proposed Mogden 
scheme however, would reuse the effluent in a different way, in which 
environmental constraints and concerns are most significant, since the 
reused effluent would not actually be taken into the public water supply 
system. Environmental considerations in relation to effluent reuse schemes 
are addressed in Section 4.5. Another constraint on the Mogden scheme 
is the availability of sufficient land for the tertiary treatment facilities. 
Further investigations would be required to identify a suitable site.

A third potential reuse scheme which is being investigated in some detail 
is the Chelmsford effluent reuse scheme in Anglian region. Consultants are 
currently investigating this option on behalf of Essex Water Company. 
Provisional results however, indicate that the scheme could yield up to 
30 Ml/d for a cost of up to £13.5 million (pers comm Anglian NRA).

Historically, for reasons of water quality, the effluent from Chelmsford STW 
has been piped about 8 miles down the River Chelmer valley to discharge 
into the Blackwater estuary, thus by-passing the public water supply intake 
at Langford. It is proposed, therefore, that with the wastewater treatment 
technology now available, it would be possible to provide tertiary treatment 
at the STW allowing discharge of the effluent directly to the river without 
leading to downstream quality problems. The resulting increase in river 
flow would then facilitate increased abstraction at the Langford PWS intake 
downstream.

The three schemes described above are currently the only major UK reuse 
schemes being investigated. Therefore, although the technology and 
potential for effluent reuse exists, progress in this field is still slow. One of 
the principal reasons for this it concern over public acceptability and it is 
not clear whether the three schemes described will prove to be promotable 
despite the fact that many people already drink water derived, in some part, 
from reused sewage effluents. Experience in South Africa, at the Windhoek 
direct reuse potable plant, has shown that openness and the progressive 
disclosure of information via the press and invitations to visit the plant have 
been vital in achieving the generally favourable public acceptance of the 
scheme.



4.3 Reu9e for Other Purposes

4.3.1 General

Public acceptability will always be an important factor in relation to any 
effluent reuse scheme, for whatever purpose. However, reuse for other 
purposes such as industrial cooling, municipal watering and agricultural 
irrigation are less likely to face direct public opposition than schemes for 
potable use. As a result, effluent reuse for non-potable purposes is much 
more widespread than for public water supply, particularly in the arid areas 
of the world. Considerable efforts have been made in the field of effluent 
reuse for agriculture in the water-short areas of the United States such as 
California and Texas and in countries such as South Africa, Israel and India, 
indeed, in Israel, wastewater reuse became a declared national policy in 
1955(6).

Today, however, due to increasing demands for water, plans for effluent 
reuse are spreading to parts of the world not normally considered arid, 
including the UK, and have extended to other uses in addition to 
agriculture, such as industry.

4.3.2 Reuse for Agriculture

Land application of municipal wastewater is a well-established practice in 
arid and semi-arid countries such as Israel where over 70% of the country’s 
waters are used for agricultural irrigation. It should be pointed out 
however, that the early motivation of this practice was essentially treatment 
and disposal of wastewater rather than water conservation and reuse: 
irrigation with wastewater Is an effective form of wastewater treatment, 
namely a slow-rate land treatment. Depending upon the crops to be 
irrigated, some degree of pre-treatment will be required since irrigation with 
raw sewage is generally unacceptable for aesthetic reasons.

There are, however, a number of potential constraints on the use of 
effluents for agricultural irrigation. These include:

•  public health concerns, particularly related to pathogens but 
also with regard to organic chemicals and metals. This in turn 
may affect the public acceptance and marketability of crops 
irrigated with wastewaters;

• treated wastewaters may plug nozzles in irrigation systems and 
clog capillary pores of heavy soils;

• concern over damage to crops and soils, particularly with 
regard to salt and metals levels;

• effluent is produced on a continuous basis whereas demand for 
irrigation water is seasonal. There may, therefore, be a 
requirement for storage. Also, STW’s are not usually
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4.3.3

conveniently located for the irrigation demand centres so a 
pumped distribution system may be required;

•  surface and/or groundwater pollution if the reuse is not 
property managed.

Public health concerns will, to some extent, depend upon the crops to be 
irrigated. Effluents irrigating fodder and fibre crops and those which are 
cooked before consumption, generally do not require such a high degree 
of treatment as those used to irrigate highly health sensitive crops such as 
fruits or vegetables that are eaten uncooked. However, in either case, the 
health risks to agricultural workers must be evaluated as well as the 
possible dispersion of aerosolized pathogens by spray irrigation in the 
vicinity of residential areas.

Despite the comparatively widespread use of treated effluents for 
agricultural irrigation in countries like Israel, South Africa and the water- 
short areas of the United States this option has never really been adopted 
in the UK. Instead, in those areas, such as East Anglia, where shortages 
of water for irrigation have been experienced in certain years, the solution 
which tends to be adopted is winter abstraction and storage. Where winter 
supplies are available for such schemes the potential constraints on 
irrigation with treated effluents are such that the reuse option 1s unlikely to 
be the preferred solution.

Reuse for Industry

For industrialists the strongest argument for the reuse of water is the 
financial benefit that may be derived. This benefit is double edged because 
not only can savings be made through reduced water intake but also 
through reduced charges for effluent discharge. Both water released to 
public sewers and that discharged to watercourses or groundwater by 
industries incur charges based on the volume released and the degree of 
contamination.

The quality requirements for industrial use of effluents vary according to the 
type of industry. The requirements of food industries for example, are just 
as strict as those for potable water supplies. Other industries, however, 
need only lower grade water, for example, for cooHng purposes although 
other problems such as slime control might become critical.

A distinction should be made between the reuse of waste water originating 
outside the factory and the recycling of waste water within the factory. In 
the first case, waste waters from elsewhere may be reused indirectly, by 
using supplies mixed with waste water discharged from sewage treatment 
works or industries upstream of the factory intake or alternatively, waste 
water may be reused directly by making use of treated effluents from 
another industry or the public sewerage system via pipe to pipe schemes.
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(a) Reuse

4.4

4.4.1

• Indirect effluent reuse for industry, as with the public water 
supply system, is already practised in the UK. Major industrial 
abstractions, especially for cooling water, are made from 
several UK rivers, such as the Trent, which carry high effluent 
toads.

•  Direct reuse schemes however, are less common although 
unlike potable water supply, a number of direct reuse schemes 
have been developed in the UK as well as a much greater 
number overseas. Treated effluents from several UK sewage 
treatment works have been supplied to various industries, 
principally for cooling purposes. One such scheme is the use 
of secondary treated sewage effluent at a smelting works in 
Avonmouth.

Sewage from the City of Bristol is discharged to the Severn Estuary at 
Avonmouth. Water supplies in this area were inadequate to meet the 
demands of a zinc smelting industrial complex. Estuary water was 
considered but discounted because of its salinity and the high costs 
entailed in its pumping and clarification(6}. Secondary treated effluent from 
the Avonmouth STW was available however, and was found to be suitable 
after screening, chlorination and storage in reservoirs of about 1 days 
storage capacity.

(b) Recycling

• As stated earlier, industry also employs reuse within plants by 
recycling of waste waters. Often a cascade approach is 
adopted where the saline water is used for several processes, 
each with decreasing quality requirements, before treatment is 
needed. Even then a simple treatment may make the water 
useable for more cascade steps before It is finally discharged.

• The details of in-plant effluent recycling measures, however, are 
beyond the scope of this chapter.

Treatment Technology

General

Most waste water treatment processes have been developed for the 
biological oxidation of organic matter in order to prevent deoxygenation of 
receiving waters. For waste water reuse however, particularly for potable 
supply, the primary consideration must be the removal of pathogens, 
organic chemicals, including pesticides and heavy metals.

The accepted method of waste water treatment for much of the world is 
referred to by a variety of titles such as conventional treatment, biological 
treatment and primary plus secondary treatment. Although this system is
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not generally sufficient for reuse purposes it is the base upon which more 
advanced treatment systems are constructed. Such advanced treatment is 
often referred to as tertiary treatment.

Numerous texts exist describing waste water treatment technologies in far 
more detail than would be possible here. Therefore, rather than try to 
describe the details of the treatment processes themselves this section will 
concentrate on the concepts and criteria that are of particular importance 
to waste water reuse. The issues considered are:

•  treatment process reliability;
•  pathogen removal;
•  Organics removal.

4.4.2 Treatment Process Reliability

Reliability in performance, assessed in terms of ability to produce effluent 
of a consistently acceptable quality, is one of the most important factors in 
waste water treatment process selection.

This is particularly so for direct effluent reuse schemes with no temporal 
buffer against treatment failure.

There are two categories of problems that can affect the reliability of a 
waste water treatment plant:

•  problems caused by mechanical breakdown, design deficiencies 
and operational failures;

•  problems caused by the influent waste water variability.

Operational and maintenance failures are cited most frequently as the 
leading cause of poor effluent quality. In the second category, the 
composition and variability of the Influent waste water must be taken into 
account in the design of effluent reuse systems.

What both these categories of problems highlight is the need for effective 
monitoring, reporting and emergency action systems. This is essential; 
there is no sense in re-exposing the population to the health risks which the 
very collection and treatment of waste water in the first place is intended 
to prevent.

4.4.3 Pathogen Removal

In the field of waste water treatment the two categories of human enteric 
organisms of greatest consequence in producing disease are bacteria and 
viruses. Diseases caused by waterborne bacteria include typhoid, cholera, 
paratyphoid and bacillary dysentery; diseases caused by waterborne viruses 
include poliomyelitis and infectious hepatitis.

Although conventional sewage treatment processes can remove over 90% 
of microbial contaminants, principally as a by-product of the primary
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function of these processes, the level of pathogens remaining is still far in 
excess of that which would render the resulting effluents acceptable for 
most reuse purposes. Drinking water from surface sources is almost 
universally disinfected, and disinfection is also applied to waste water 
treatment plant effluents intended for reuse(6).

Chlorine, despite a number of shortcomings, is the most used disinfectant. 
However, although chlorination is effective against bacteria some concerns 
have been expressed over its efficacy with respect to enteric viruses. 
Ozone is generally believed to be a more effective virucide than chlorine 
and is being used increasingly for the disinfection of both drinking water 
and waste waters. In addition, ozone can be used to control taste, odour 
and colour producing agents.

Another effective disinfection process, but one which has not, to date, been 
adopted on any great scale, is ultraviolet radiation. Application of UV 
radiation has been shown to be an effective bactericide and virucide while 
not contributing to the formulation of toxic compounds.

Slow sand filtration was the first effective method devised for the purifying 
in bulk of surface waters contaminated by pathogenic bacteria. Although not 
as popular as they once were, slow sand filters may have an important role 
in effluent reuse; being successful in the removal of bacteria and viruses 
and certain hydrocarbons. The filter does not act by a simple straining 
process, but works by a combination of both straining and microbiological 
action of which the latter is the most important. The limitations of slow sand 
filters include; the large land area required; the inability to remove 
coburation, and difficulties dealing with silt laden liner waters.

4.4.4 Organics Removal

In the past, the primary health concern with regard to sewage effluents was 
microbiological contamination. With increasing industrialisation and use of 
chemicals, however, there is growing concern over the health and 
environmental impacts of organic chemicals in our water supplies. Trace 
organic compounds such as pesticides, herbicides and other agricultural 
chemicals, are toxic to most life forms and their presence is now a 
significant factor in the selection of waste water treatment processes.

The commonest treatment process for removal of dissolved Organics is 
activated carbon treatment. Carbon treatment is usually applied after waste 
waters receive conventional settling and biological treatment. The removal 
of organic material results principally from adsorption although the carbon 
surface also provides a suitable media for biological degradation and thus 
additional organic removal is obtained. Carbon is effective in removing 
materials such as insecticides, a variety of hydrocarbons and larger 
molecular weight substances (ref shrieval) but some other Organics are 
more poorly removed.

Reverse osmosis, although with limited operating experience the treatment 
of waste waters, can be used to remove dissolved Organics that are less
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selectively removed by activated carbon treatment. A current example of 
the use of reverse osmosis Is an effluent reuse scheme is the Orange 
Country Plant in California which treats sewage effluent to potable quality 
for groundwater recharge.

4.5 . Environmental Considerations

4.5.1 Unplanned Reuse

Environmental impacts associated with indirect effluent reuse through the 
abstraction of water from rivers into which effluents have been discharged 
are likely to be limited. Discharging effluents Into and abstracting water 
from watercourses can have significant environmental impacts but these are 
impacts in their own right - the effluent reuse which occurs is incidental and 
is not in itself the cause of environmental impact. However, the fact that 
water Is being abstracted downstream from an effluent discharge could be 
beneficial to water quality because downstream abstractions, especially if 
the water is to be used for public water supply, will provide an impetus for 
improved effluent discharge quality in order to meet the quality 
requirements for the abstracted water. This would be controlled by the 
NRA through the discharge consents process.

4.5.2 Planned reuse

Planned reuse schemes however, both direct and indirect do have potential 
for environmental impact. The two key areas of potential impact are:

• water quality and associated in-river factors;
• landscape and visual.

Indirect schemes in which treated effluent is discharged into a river or body 
of water have potential to affect the quality of that river/body of water. In 
addition, major problems could arise from possible failures in the treatment 
process. Pollution arising from such a situation could in turn lead to 
detrimental impacts on aquatic ecology and fisheries as well as the 
aesthetic and recreational value of a river or water body.

Schemes requiring the construction of additional treatment facilities could 
have landscape and visual impacts. The land-take required for construction 
of tertiary treatment facilities can be significant and the design of works 
needs to take into account the visual impact on the local environment.

The environmental implications of the proposed Deephams and Mogden 
reuse schemes were addressed in the Howard Humphries report for NRA 
Thames(5) as summarised below:

(a) Deephams

Reuse of effluent from Deephams would Involve little or no 
disturbance since this could probably be accommodated within the 
existing works site. Also, the William Girling reservoir is adjacent to
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the treatment works so discharge of the treated effluent could be 
accomplished via only a short pipeline.

William Girling Reservoir, together with the King George V Reservoir 
immediately to the north, is a designated site of special scientific 
interest. This designation relates to the reservoir’s ornithological 
interest, particularly over wintering and moulting ducks. Research 
to date indicates that the proposed discharge will not affect this 
habitat. The public perception of this issue however, may require 
further research to address this in more detail.

(b) Mogden

One of the possible constraints on the Mogden scheme is the 
availability of a suitable site for the tertiary treatment works. Site 
selection needs to take the visual and landscape impacts into 
account.

The major construction impact of this scheme Is most likely in 
relation to the construction of a tunnel to convey the effluent from 
Mogden STW for discharge upstream of Teddington weir.

The introduction of high quality tertiary treated effluent is considered 
unlikely to affect river water quality adversely in the lower reaches 
of the Thames above Teddington weir. However, under the 
proposed scheme, the flows between Sunbury and Teddington would 
largely comprise treated effluent and therefore major problems could 
result from a failure in the STW. Such a failure followed by a 
cessation of discharge would result In little, or no flow over 
Teddington unless accompanied by a reduction in river abstraction. 
If the discharge was continued, there would be a risk of significantly 
lower water quality. However, the modular form of treatment 
processes would ensure that total failure of the STW would be most 
unlikely.

4.6 C08t8

The costs for effluent reuse have been taken from the NRA Thames Region 
Water Resources Development Options Study Report Vol ll(S), which details 
costs for both the Mogden and Deephams reuse schemes.

The costs given in Table 4.1 include for unmeasured Items and a 25% 
contingency and have been updated from late 1991 to Q3 1992 prices. It 
has been assumed that there has been no price inflation, or deflation 
between Q3 1992 and Q1 1993.
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Table 4.1 Effluent Reuse Costs

Development Yield
Ml/d

Capital
Costs

£M

Annual 
Operating 
Costs £M

Amortised 
Operating 
Cost £M

Total
Cost
£M

Unit
Cost

£M /M i/d

Mogden 68 39 0.6 6.8 43.8 0.67

Deephams 38 13 0.4 4.5 17.5 0.46

The above operating costs include for pumping, filtration, ozonation and 
sludge treatment but do not include water supply treatment costs or 
distribution costs.
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5 DESALINATION

Desalination, or removal of excessive dissolved salts from water, provides 
a possible solution to potential local water supply problems in coastal 
regions with water resources deficits. Local water resources in coastal 
towns and cities are often limited and isolated. The influx of tourists to 
these places during the summer months results in high peak seasonal 
demands of up to 30-40% above the average winter requirement and this 
water supply situation is often aggravated during drought periods of below 
average rainfall.

The quantity of water available for desalination is, for all intents and 
purposes, limitless. Desalination represents an ideal solution to water supply 
problems on islands, in desert regions and aboard ships. However, there 
are presently very few examples in temperate countries.

A Water Resource Board study in 1972(1) concluded that due to the costs 
involved, desalination was not expected to contribute to national water 
resources on a large scale, although small scale applications may be 
feasible where additional cost may be judged worthwhile. A later DoE/NWC 
study in 1977(2) concluded that because of the massive increase in the price 
of energy since 1972, the prospect for desalination as a water resource 
option is unlikely.

The Central Water Planning Unit (CWPU) recommended(3) that ecological 
and disposal studies should be undertaken at any desalination site 
proposed for the UK, and that in some situations treatment of wastes may 
be desirable. The Halcrow Water Resources Planning Study(4) however, 
concluded that desalination does not appear to be a realistic alternative to 
conventional water resource options, except in special circumstances.

Existing desalination processes include multi stage flash distillation (MSF), 
reverse osmosis (RO), electrodialysis and freezing. The most commonly 
employed processes in commercial application are MSF, RO and 
electrodialysis.

The choice of a particular desalination process revolves around a number 
of factors which when combined together reflect the costs and economics 
of operation in any specific application. These factors are:

• the scale of the desalination operation, small units are 
considered to be of the order of 35 M l/d or less;

•  feedwater quality of the raw water supply;

• design product water quality such as the requirements for direct 
discharge of product water into supply distribution;

•  available heat/energy sources;

5.1 General
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5.2

5.2.1

•  expected useful life of plant;

•  capital costs of plant and civil works;

•  annual fixed and variable operating costs;

Cost estimates for desalination plants are usually based upon full time (352 
days per year) operation of the plants, operating as a base load source. 
Desalination plants can be operated to meet peak demands, but the level 
of maintenance and unit costs will be higher. Infrastructure normally 
associated with sea-water desalination plants include raw water intake 
facilities, outfall discharge pipes for waste brine and on site fresh water 
storage tanks.

Desalination Processes

Reverse Osmosis

In the Reverse Osmosis (RO) process, high pressure pumps, usually 
electrical, are operated to create on one side of a semi-permeable 
membrane a pressure head which exceeds the osmotic pressure of the sea
water or brackish feed water. The main elements of a reverse osmosis 
system are shown In Figure 5.1. The semi-permeable membrane retains the 
salts as the water passes through; on the other side of the membrane the 
freshwater is drawn off, maintaining the pressure head differential across 
the membrane. The recovery of product water in an RO process ranges 
from less than 50% of the feed flow to greater than 90% depending on the 
salt concentration of the salt water. Common problems associated with RO 
plants include membrane fouling and the handling of the relatively large 
quantity of waste brine produced.

The capital investment is relatively low but energy costs are high in most 
existing installations. However, if an energy recovery system is installed, as 
in most modern plants such as the 1.6 Ml/d Ministry of Defence (MOD) 
plant in Gibraltar, studies show that savings of up 40% of the absorbed 
power of pressure pumps is achievable.

The basic energy requirement of the RO process is proportional to the 
salinity or osmotic pressure of the feed water. The cost of producing 
desalinated water from an RO plant can therefore be reduced if a suitable 
brackish water source is used rather than seawater.

Raw water feed for seawater RO plants using direct surface abstraction 
normally requires some degree of pre-treatment involving acid dosing and 
chlorination. Modern RO plants are available in modular units, allowing 
great flexibility for expansion whenever the need arises for extra capacity. 
RO systems can be produced to tight timescales due to shorter 
manufacturing periods at less than half the time required to produce other 
types of desalination equipment. Membrane replacement however, usually 
at intervals of 4 to 6 years, often costs up to one third of the original cost 
of a system.
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A distinct advantage with the use of RO plants relates to the incidental 
removal of contaminants such as pesticides and toxic metals present in the 
feed water to the plants.

Existing reverse osmosis plants in Europe and overseas include the 
. foliowing:

• In the UK, Channel Islands, Isles of Scilly and Gibraltar (see 
Section 5.3).

• In the USA, a 36 Ml/d reverse osmosis plant completed in 
March 1992 serving the freshwater needs of Santa Barbara and 
surrounding communities in the area hardest hit by the 
Californian drought. The plant is intended to provide 
emergency supplies only in drought periods. In addition, an 0.6 
Ml/d reverse osmosis plant exists on Catalina Island.

• In Spain, a number of sea-water reverse osmosis plants are 
located on the island of Lanzarote, Teguise (1 Ml/d) and in the 
municipalities of Gaidar and Agaete (1.75 Ml/d) in Gran Canaria 
(Canary Islands). The Spanish plants provide freshwater for a 
growing population and a thriving tourist industry.

• In Itaiy, a number of pilot plants for seawater desalination by 
reverse osmosis have been set up at various locations.

• In the Middle East, seawater reverse osmosis plants of 45 Ml/d 
capacity are in service in Jeddah, Saudi Arabia and in Bahrain.

5.2.2 Distillation

In practice, four different methods of distillation have been developed. 
These are:

•  multi stage flash distillation (MSF);

• multiple effect tong-tube vertical distillation (LVT);

• vapour compression distillation (VC); and

• solar distillation.

Distillation processes function at high temperatures resulting in large 
deposits of salts which, if not checked, impedes heat transmission. Almost 
all existing large scale desalination plants with production capacity of 40 
Ml/d and above utilise the MSF type process. The process depends on the 
vapour that flashes off from hot water at a temperature of about 80°C when 
pressure is reduced. The temperature of the hot water is dictated by the 
reaction requirements of chemicals used for scale control in the process. 
A schematic MSF recirculating process unit is shown in Figure 5.2.
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Previous studies have shown that unit production costs can be reduced by 
combining MSF desalination plants with existing, or purpose built, power 
generation facilities. The energy costs of the process may be subsidised by 
partial retrieval of the low heat energy contained in the cooling water - 
energy which is normally dissipated in the environment - and utilisation of 
cheap off peak electricity produced by power stations. The MSF process 
can also be adapted to use energy available from burning domestic waste 
and thereby subsidising both desalination and waste disposal.

Where high temperature steam is available as the heat source, distillation 
by boiling can be achieved economically by using a series of evaporators 
in a system known as the multiple-effect long-tube vertical distillation (LVT). 
Saline water is fed into the top of the first of a series of evaporators and 
falls as a film down the inside of long vertical tubes. A steam jacket 
surrounding the evaporators causes the water to boil on its downward 
journey, the resulting hot water vapour is collected at the top and is 
distilled into freshwater, while brine collects in the base of the unit. A 
schematic LVT process is shown in Figure 5.3.

The vapour compression distillation plant (VC), see Figure 5.4, operates 
mainly on a mechanical rather than a heat energy source. Raw seawater 
and recycled brine is pumped into the base of a vertical evaporator and 
surrounds the lower part of several vertical tubes, the open ends of which 
project into a steam filled space above. Halfway down the unit, steam is 
introduced under pressure below the surface of the seawater, and by 
evaporation extra steam is produced, some of which travels down vertical 
tubes, condensing to fresh water in the cooled lower regions of the tank. 
After an initial input of steam, the plant operates continuously on the 
mechanical energy of the seawater/brine recycling pump and a steam 
compressor, both of which can be conveniently driven by electricity. This 
process is not popular in commercial applications however, due to its high 
energy and equipment costs per unit output.

The cost of solar energy systems depends on the temperature of the raw 
water source. For every degree of temperature differential over 18°C, there 
are significant savings in capital costs. Solar distillation plants use heat 
energy from the sun, and are mainly used in areas where there is plenty of 
sunshine to sustain the process. Consequently, desalination using the solar 
distillation technique is not considered appropriate to the UK situation.

Common problems with all distillation processes include formation of scale 
in the hot brine circulation system and corrosion of equipment. In addition, 
the distillation process produces wastes with an elevated temperature which 
can be more hazardous than those from membrane or freezing processes; 
especially when toxic metals, radionuclides or pesticides are present in the 
feed water. The scale and corrosion problems are usually controlled by the 
application of proprietary chemicals.

Distillation plants produce freshwater of less than 10mg/l Total Dissolved 
Solids (TDS) and consequently, the product water has to be re-carbonated 
for potable use.
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Existing distillation plants in Europe and overseas include the following:

• In Germany, an 0.8 Ml/d MSF plant Installed at Helgoland has 
been in operation since 1972. The plant suffered from corrosion 
problems and scale deposition in its first 7 years of operation 
and the plant was frequently shut down due to lack of sufficient 
freshwater storage capacity.

•  In Japan, a distillation plant made from carbon steel has been 
in operation for 20 years. It has capacity to treat 1 Ml/d of raw 
seawater at an 85% recovery rate. The raw water is pre-treated 
to prevent scale formation and corrosion.

•  In the Netherlands, there exists a 30 M l/d MSF plant at 
Temeuzen. The product water quality is distilled water which is 
used to meet certain industrial demands. Some post-treatment 
is applied to the product water before being taken into drinking 
water supply.

• In Libya, combined water and electricity production plants exist 
in Cyrenaica. The plants are running satisfactorily. One of the 
plants, the Tobruk with a capacity of 24 Ml/d consists of 3 
condensing turbines, 33 MW each and two back pressure 
turbines 15 MW each.

• On the Greek island of Patmos, a small (27 m3/d) solar 
distillation plant was commissioned to augment the local water 
supply system.

• In the USA, a 3 Ml/d vapour compression plant exists at 
Roswell, New Mexico.

• In Hohg Kong, there exists a 180 Ml/d distillation plant.

5.2.3 Electrodiaiysis

Electrodialysis is an electro-chemical process in which ion transfer 
separates salt from water using the working principle of electrolysis. When 
electrodes, connected to a suitable direct current supply, are immersed in 
a salt solution such as seawater or brackish water, current will flow carried 
by ions. Ions with positive charge (cations) are attracted to the negative 
cathode, while negatively charged ions (anions) flow towards the positive 
anode.

In electrodiaiysis plants as shown in Figure 5.5, filters or membranes, 
selectively impervious to cations or anions, are placed alternately between 
the electrodes. Cation filters permit the flow of anions but act as a barrier 
to positively charged cations and anions are held back by the anion filter 
while cations pass through unchecked. In actual installations, the Ion 
permeable membranes are built into stacks. Raw brackish or seawater is 
pumped through the stack, producing water that is partially desalted.
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Feedwater with high salinity often require 3 or 4 stacks arranged in series 
in order to obtain a product of drinking water quality.

Electrodialysis suffers from an inherent limitation in the salt concentration 
allowed for feedwater and product water to the process. This is due to the 
fact that the resistance to the passage of electricity through the salt 
solution varies with the salt concentration of the solution. Thus, the process 
is not used for desalting brackish water of salinity more than 10000 mg/i, 
or in applications requiring product water with salinity of the order of 400 
m g/l and below.

Examples of electrodialysis plants include the following:

•  In Greece a 15 Mi/d installation exists at Corfu. The plant 
produces freshwater at 550 mg/l salt concentration from a 
blend of brackish sources of salinities up to 2000 mg/l.

• In the Orange Free state, South Africa, there is a plant designed 
to treat 15 Ml/d of brackish water.

Patented forms of the eiectrodialysis process include the Aquamin system 
which was used in space ships by Soviet cosmonauts on space missions.

5.2.4 Desalination by Freezing

There are two common methods of desalination by freezing. These are the:

• Vacuum freeze process

•  Secondary refrigerant process (SRF)

In the vacuum freeze process as shown in Figure 5.6, salt water is frozen 
in a vessel using an exhaust pump. Pressure is reduced to some 4.6mm 
mercury absolute, resulting in a lowering of the boiling point of water. Pure 
ice crystals are formed, with the process of crystallisation expelling the salt. 
Salt remains in solution as brine on the surface of each pure crystal.

The SRF process uses butane or similar liquid hydrocarbon for heat 
transfer. The butane and feedwater passes through a heat exchanger, 
boiling the butane and resulting in the freezing of water in the brine. Ice 
crystals are washed to remove brine and subsequently re-melted by heat 
exchange with the butane vapour which has previously been compressed. 
A scheme of the SRF process is shown in Figure 5.7.

Problems associated with the freezing process include the separation of ice 
crystals from saline water. The process is suitable for brackish water of low 
salt concentration. The freezing process is not very popular in commercial 
application due to its relatively high cost and its complex operation and 
maintenance procedures.
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A vacuum freeze desalination plant exists at Eiath in Israel. An SRF process 
developed by the UK Atomic Energy Authority in the mid 70’s, and 
proposed for installation at Ipswich was abandoned due to funding 
problems.

5.3 Operational Considerations

An assessment of the operational requirements of any proposed 
desalination plant should be approached by a clear definition of the 
intended mode of operation of the plant. The two main modes of operation 
are:

• High load factor operation such as the continuous production 
of freshwater over the year; and

• Low load factor operation such as seasonal production at times 
of high peak localised demands.

In general, operational cost for distillation plants depend on the load factor 
With a low load factor, high operating costs are obtained, while for base 
load operation lower operating costs are implied. Reverse osmosis plants 
are less dependent on load factors, and the actual operating costs would 
be approximately the same irrespective of whether the plant was for high 
or low load factor operation.

Consumables such as chemicals and spares are necessary for efficient 
operation of desalination plants. Manning requirements depend on the 
mode of operation and the scale of the desalination operation. Maintenance 
of pumps and motors, and other process equipment are essential to the 
smooth running of a plant.

An important aspect in reverse osmosis plant operation is the maintenance 
and replacement of membranes. Membrane cleaning are part of the day to 
day routine maintenance, while membrane replacement is usually carried 
out at intervals of 4 to 6 years. Optimum operating costs in RO plants are 
usually achieved by balancing pumping and membrane cleaning costs.

Product water from distillation plants have a TDS level of around 10 mg/l 
with a low level of dissolved oxygen and an insipid taste. Consequently, the 
distillate is usually blended with other supplies to improve some of its 
quality characteristics and taste. Transfer of product water into supply via 
service reservoirs requires pumping with the associated operational and 
maintenance procedures and costs.

The cost of energy is one of the main factors which influence the cost of 
producing water by desalination. Basic energy requirement for a MSF plant 
is about 56 KWh of low grade energy per m3 of distillate, while the 
maximum energy requirements for a reverse osmosis (RO) plant is in the 
range 17 - 28  KWh of high grade energy per m3 of freshwater produced.
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Where waste heat from existing power plants is not available, long term 
energy position over the lifetime of a new plant is difficult to predict. In a 
recent study on the effects of energy cost increases on the relative water 
costs from RO and distillation plants, Wade(1991) concluded that the cost 
of water produced by seawater RO plant is less sensitive to energy cost 
increases than equivalent distillation plant installations.

Electrodialysis plants use less energy (some 50% less) than conventional 
desalination plants. With the exception of soda ash used for improving pH, 
cleaning pipes and removing odours, no other chemicals are used in the 
process. Therefore, in theory, salt in the brine which the plants produce 
could be reclaimed.

5.4 Existing UK Plants

Existing UK seawater desalination plants identified during the course of the 
present study include small scale plants using the reverse osmosis process, 
and a distillation plant in Jersey. The location of existing plants and some 
notes on reported operating experiences are presented below:

• England

Two small reverse osmosis (RO) plants of 0.86 and 1.72 Ml/d 
capacity were used to supply water for the construction of the 
Channel Tunnel. Freshwater from the plants was used to 
supplement water supplies to the site provided by the 
Folkestone Water Company. The plants have now been 
decommissioned and sold.

• Channel Islands

A 6.8 Ml/d distillation plant constructed in 1969-70 exists at 
Jersey in the Channel Islands, it is used to meet peak demands 
caused by influx of visitors to the island during summer 
periods. The plant, which is part of a conjunctive use scheme 
for Jersey is used to supplement natural water resources at 
times of high seasonal demand and low rainfall.

Hobbs (1979) in his paper titled ’Sea Water Distillation in Jersey 
and its Use to Augment Conventional Water Resources', 
reported a number of operational difficulties experienced with 
the running of the Jersey plant. These include scale and 
corrosion control, abrasion of pump impellers, gland seals and 
motor windings. Operational and maintenance budgeting 
difficulties were encountered as well as manning problems due 
to widely varying lengths of plant run.
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• Isles of Scilly

An 0.3 Ml/d reverse osmosis plant recently commissioned in 
Scilly is expected to provide a solution to the problems of 
freshwater shortage there.

•  Gibraltar

Darton and Turner (1991) in their paper titled 'Operating 
Experiences in a Seawater Reverse Osmosis Plant in Gibraltar’, 
reported the success of the application of modern reverse 
osmosis (RO) technology at the 1.6 Ml/d Ministry of Defence 
plant in Gibraltar.

The plant, which has been in operation since 1987 is important 
because it is one of the first seawater RO plants to use Pelton 
Wheel energy recovery system at natural pH; substituting acid 
addition with an organic scale inhibitor on thin film composite 
membranes. The energy recovery system was reported to have 
had great benefits in reducing power costs with the energy 
saved assessed to be 40% of the absorbed power of the high 
pressure pumps.

Power consumption when the plant was commissioned in 1987 
was 3.7 KWh/m3 of water produced and increased to 5.2 
KWh/m3 in 1990. The increase in the period 1987 to 1990 
reflected the higher operational pressures required as the plant 
membrane ages.

Plant operating costs include local power costs which increased 
from 5p/unit in 1987 to 11 p/unit in 1990, and labour costs 
which account for 27p/m3 of water produced, in addition, cost 
of consumables such as spares and chemicals have remained 
fairly constant with spares costing 6p/m 3 and chemicals 
14p/m3. Thus, adding the energy, labour and chemical costs, 
the total cost of water production in 1990 is 104p/m3 of water 
produced.

The plant was reported to have operated satisfactorily in the 
period 1987 to 1990 producing the required volume and 
quantity of water; the installed membrane system and the anti 
foulant worked to specification and none of the membrane 
elements required replacement.

5.5 Power Sources

In the UK, low grade waste heat from coastal power stations, heat from 
incineration and certain industrial plants, fuel oil and exhaust steam 
generated by waste heat boilers are suitable for use in distillation processes 
as primary energy sources. Secondary energy requirements such as are
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necessary for process pumps and high lift pumping to existing reservoirs 
require other sources of electrical power.

In contrast to the energy requirements of distillation processes, reverse 
osmosis, freezing and electrodialysis require one source of electrical power, 
and in energy terms the latter processes are much more efficient.

5.6 Water Sources

Existing water sources for desalination plants In the UK include the 
following:

• Direct abstraction of seawater;

• abstraction of seawater via a well field;

• brackish water from mine workings;

• brackish surface water sources; and

• cooling water from existing thermal power stations.

Desalination plant designs Incorporating utilisation of cooling water from 
existing power stations would require further studies to quantify the rate 
and volume of cooling water availability at existing plants, and the 
discharge temperatures.

The benefits of using wells, as opposed to open intakes for seawater supply 
include lower costs, lower risk of damage and lower susceptibility to heavy 
oil pollution such as the oil slick in the Persian Gulf during the recent 
Middle East crisis. The slick resulted in the contamination of seawater 
intake sources for Kuwaiti desalination plants/

The water produced from well sources typically has very high physical 
quality, requiring less pre-treatment than water obtained from surface 
intakes. The design of coastal well fields for raw water abstraction at any 
particular location require further studies to assess the impact of external 
influences such as tidal variations and saline intrusion on the well field yield 
and quality.

The use of brackish water sources In reverse osmosis installations is 
particularly attractive in that energy requirements are less, chemical 
consumption is low and membranes generally last longer.

5.7 Potential Desalination Sites

From desk top studies, and from a consideration of raw water sources and 
energy availability, 6 desalination sites and processes have been identified 
in the areas of water deficits.
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The potential processes and locations are as follows.

5.8

5.8.1

5.8.2

• A combined distillation/power plant at the site of the existing 
Sizeweli power station in East Anglia;

• A combined distillation/power plant at the site of the existing 
Poole power station in Dorset;

• A combined distillation/power plant at the site of the existing 
Fawley Power station in Hampshire;

•  A distillation plant at Richborough in Kent using waste heat 
from the nearby power station;

• A seawater RO plant at Reculver in Kent;

• A brackish water plant using feedwater from mine workings at 
Tilmanstone colliery, Kent, and from a nearby contaminated 
chalk aquifer. The site has an added advantage in that waste 
brine could be piped to sea via an existing pipeline installed by 
British coal to dispose of water pumped from the mine 
workings.

Environmental Considerations

General

All desalination processes produce high salinity waste waters which will 
need to be disposed of. In addition, depending upon the desalination 
process involved, the effluent produced may contain raised levels of 
contaminants such as organic chemicals and heavy metals or may contain 
chemical additives. The temperature of the water may also have been 
altered during the desalination process. Discharge of such effluents to the 
aquatic environment may, therefore lead to detrimental impacts as 
discussed in Sections.5.8.2 to 5.8.5 below.

Desalination also has an indirect environmental, impact through the use of 
energy. In particular, distillation processes are based on the principle of 
temperature increase to drive off pure water and will normally require the 
direct application of heat raised largely through the combustion of fossil 
fuels.

Discharge of Increased Salinity Effluent

increases in salinity from the 35 parts per thousand typical of seawater to 
the 50 or more parts per thousand typical of desalination plant effluent may 
produce hypersaline conditions in the water of the discharge area. A 
salinity of 70 parts per thousand, if included, will cause calcium carbonate 
precipitation. Increases in salinity and in carbonate/bicarbonate 
concentrations will then Increase effluent pH until a pH of 9.0 is reached, 
at which point calcium carbonate will precipitate and the pH fall. Increased
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salinity will also cause the specific heat of water to decrease causing 
greater fluctuation in diurnal temperatures than is normal for sea water and 
reduce the quantity of dissolved gas held in solution. Finally, hypersaline 
wastes will tend to sink, forming a highly saline layer which will affect 
benthic organisms.

Inter-tidal algae and estuarine species habitually exposed to changing 
salinities can tolerate for some days salinity levels 0.1 to 3 times normal 
and reduced quantities of dissolved gases. However, the tolerance of sub
littoral and some dinoflagellate species is more limited. If the effluent is not 
dispersed, very high salinities can kill phytoplankton causing anoxia and an 
increase in hydrogen sulphide. Slightly tower salinities may also encourage 
blooms of toxigenic red-tide algae.

Most invertebrates are isotonic to their environment and will have a limited 
ability to adjust permanently to changes in salinity. In particular, respiration 
and waste elimination are intimately linked to salinity. As a result, few 
species will be able to regulate at higher salinities or where there are 
variations in salinity. In addition, invertebrates may also be subjected to 
reduced concentrations of dissolved oxygen.

Fish may be able to avoid localised areas of high salinity, provided that a 
migratory path is not blocked or a spawning ground affected by the 
discharges. Where fish are caught in hypersaline conditions, their response 
is governed by changes in oxygen content, specific gravity and ionic 
content. Fish can be killed in calm conditions when dissolved oxygen is 
reduced. The response of fish to hypersalinity will also depend on the 
species involved and the age or size of individual.

Effluent from distillation processes will be the most saline, and effluent from 
freezing processes the least saline. Thus, the extent of impact of 
desalination effluent will also depend on the process used.

5.8.3 Increased Effluent Metal Concentrations

Individual metals are variously toxic to organisms, copper being more 
acutely toxic than nickel and zinc in the marine environment. Cadmium and 
zinc are particularly toxic in the freshwater environment. Metal toxicity may 
also be indirect and depend on factors such as the presence of other 
poisons, the chemical form of the metal, pH and the presence of suspended 
particulates.

The response of individual organisms to particular metals has been 
extensively investigated for particular species. Results show that metal 
toxicity is species dependent and that reproduction and juvenile growth are 
more susceptible to metal poisoning than adult life cycle stages. On the 
other hand, smaller concentrations of some metals may also act selectively 
to kilt parasites, thereby reducing gill and skin infections in fish.

Thus, increased metal concentrations in effluent from desalination processes 
may cause adverse impacts.
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5.8.4 Changes in Effluent Temperature

Distillation desalination processes can increase ambient seawater 
temperatures by up to 15°C. This could eliminate heat sensitive native 
species, modify the breeding of some species and encourage invasion by 
non-native organisms. In general, the growth of micro-organisms will 
increase. Increased algal growth may also occur during the winter months. 
Larger organisms may become more susceptible to disease as a result of 
thermal stress and accelerated pathogenic bacteria growth.

The response of invertebrates is species dependent particularly where 
temperatures are maintained above 10°C. For example, littoral invertebrates 
appear to be more able to withstand increases in temperature than 
submerged species. In addition, some parts of the life cycle of particular 
species are heavily temperature sensitive (eg fertilisation of the barnacle), 
some species may be encouraged to reproduce out of season and the 
growth of other species may be enhanced. Thermally-induced shifts in 
phytoplankton abundance may also affect the reproduction of otherwise 
unaffected invertebrate species.

Whilst overall fish growth is likely to be enhanced, partly due to increases 
in the number of food organisms, elevated temperatures may adversely 
affect aspects of the life cycle of some species. Some species may also 
be intolerant of higher temperatures. These factors may cause a shift in the 
structure and species composition of fish populations in the locality.

Effluent of reduced temperature from desalination processes which use 
frozen feed water will cause corresponding reverse impacts; dependent 
upon the temperature reduction resulting in receiving waters.

5.8.5 Combined Effects of Effluent Discharge

There is little information on the combined effects of changes in salinity, 
metal concentrations and temperature as discussed above.

... . However, the 1977 CWPU document. 'Possible Ecological Effects of 
Desalination Wastes on Coastal and Estuarine Waters'*31 provides some 
information on the recorded impact of a number of distillation plant effluents 
as summarised below.

(a) Widespread growth of filamentous algae and a reduction in 
invertebrate species has been recorded over 750m of shoreline in 
the vicinity of a 4.2 Ml/d cooling water and 4.8 Ml/d brine discharge 
from a MSF distillation plant in California. The effluents discharged 
are about 1.5-2 times the salinity and twice the temperature of the 
receiving seawater.

(b) Another example is the impact of the two types of effluent 
discharged from a MSF plant in Florida, one during normal operation 
and the other during cleaning and maintenance. In this case, 
‘normal’ effluent formed a layer over the harbour bed, persisting for
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up to 48 hrs. Copper concentrations were 5 - 10 times normal with 
copper both precipitated and adsorbed onto bottom sediments. 
Effluent during cleaning was low in temperature and salinity, but had 
high concentrations of copper, nickel and iron. It was also turbid, 
black and dispersed well in harbour water. When the biological 
impact was investigated, it was found that many organisms had 
been harmed, although some species eg foraminifera, annelid worms 
and barnacles were prolific and may have benefitted from a 
reduction in species diversity. Fish continuously migrated from 
adjacent areas and were able to avoid the 'cleaning-effluent'.

(c) A further example is the impact of the three effluent streams from 
the MSF plant at La Rosiere Bay, Jersey. Effluent was discharged 
at the top of a shingle beach at 37°C, variable pH (4-8) with 
elevated metal concentrations (particularly during cleaning) to drain 
across the beach for about 50 metres at high tide and 170 metres 
at low tide. This effluent entered the marine environment at a 
slightly reduced temperature of 36°C (high spring tide) and 30°C 
(low spring tide) to disperse 50 - 100 metres from the shore. Iron 
was observed to adsorb onto the rocks and copper concentrations 
in sediments near the discharge point were 100 times greater than 
in control areas. Residues from anti-foaming agents used in the 
desalination process covered the rocks to either side of the effluent 
stream. Even when the plant was not operating, metal leaching and 
adsorption onto the rocks caused the amount of copper deposited 
in sediments in La Rosiere Bay to be 5 times the amounts in control 
areas. Whilst this rocky exposed shore probably did not support a 
very diverse flora and fauna, some substantial impacts where 
apparent. In particular, all algae in direct contact with the effluent 
were bleached and killed. No invertebrates were found to be living 
in the effluent stream.

Costs

The cost of any desalination process depends very much on the physical 
and chemical characteristics of the raw water source i.e total dissolved 
solids content, pollutants etc, and the desired end product water quality. 
The design of plants for various feed water sources differs and the 
associated cost is reflected in the prices. Cost of seawater withdrawal 
depends on the mode of water intake and the distance between the 
withdrawal point and plant site.

Ideally, reliable cost estimates of desalination plants for the various 
processes should include all essential capital costs for plant, service 
facilities and engineering design costs, as well as depreciation and the 
interest rate associated with the opportunity cost of capital in the economy. 
In addition, the cost must include estimates of energy requirements, land 
costs, storage for product water, supplies, maintenance and operating 
labour. Other items to be included are costs for disposal of concentrated 
brine, which will vary depending on the location of the plant, and costs 
allowed for additional treatments such as disinfection.
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It should also be noted that there are extra costs associated with 
distribution of desalinated water, especially if it is to be used as a strategic 
resource, as such water is produced in coastal areas remote from the main 
demand centres.

However, the information available for the present study is not sufficient for 
such detailed cost assessments, and consequently, reliance has had to be 

. . placed on published references and cost estimates presented to the NRA 
by various plant manufacturers and interested parties.

A review of existing desalination plants and recent feasibility studies in the 
UK and overseas shows a range of production costs between 14p/m3 and 
100p/m3. The lower production costs quoted are comparable with 
conventional water sources; however, they are based upon specific energy 
subsidies and feed water quality conditions. A 36 Ml/d sea-water reverse 
osmosis plant in Santa Barbara, California commissioned recently produces 
water at the rate of 100 p/m 3.

Brackish water desalination is cheaper than seawater desalination. The 
costs of construction and operation of seawater plants is 2 - 3 times more 
than brackish water plants of similar capacities, in a recent feasibility study 
of the options for water resources in Kent, undertaken by Binnie and 
Partners155, the unit water costs for different desalination alternatives for 
plants of sizes in the range of 9 to 18 Ml/d were quoted as follows:

• Seawater distillation using waste heat recovery 81 p/m 3

• Seawater reverse osmosis 75p/m3

• Brackish water reverse osmosis 39-45p/m3

In general, water production cost in RO plants is of the order of 70 - 
80p/m3, while the cost in plants with energy recovery system is in the range 
of 42 -48p/m3.

The cost of producing freshwater by the most modern electrodialysis 
technique works out at 71 p /m 3 excluding civil and operating costs. Solar 
based distillation system cost is of the order of 14p/m3 of distillate.

The lowest desalination costs quoted are usually based upon full-time (352 
days per year) operation of the desalination plants, operating as a base 
load. The plants can be operated to meet peak demands, but level of 
maintenance and unit costs are higher.

In comparing the costs of desalination with costs of other more 
conventional sources, it should be noted that the unit costs of desalinated 
water are based upon the production of water over the life of the plant, 
usually 15 to 20 years; to determine the cost in perpetuity, replacement 
costs would have to be considered.
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Compressor

Figure 5.6 SCHEME OF A VACUUM FREEZE PROCESS
(Source : UKAEA. 1967)

Figure 5.7 SCHEME OF A SECONDARY REFRIGERANT PROCESS
(Source : UKAEA, 1967)
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6 UNDERSEA PIPELINES

6.1 General

A review of the potential for using undersea pipelines to connect regions 
with surplus water resources to regions with water resource deficits has 
been undertaken. The review took the form of a desk study, involving the 
collection and examination of marine data, geological and bathymetric 
information and shipping movement data.

6.2 Potential Pipeline Routes and Resources

Schemes considered under this option, as shown in Figure 6.1, include:

• Stockton on Tees (River Tees) to King’s Lynn (East Anglia) 
pipeline connecting Northumbria and Anglian NRA regions;

• Whitstable (Kent) to Maldon (Essex) pipeline connecting 
Southern and Anglian regions;

•  Cardiff to Burnham (Somerset) pipeline connecting Welsh and 
Wessex regions.

The maximum distance and depth of pipelines along the different routes 
together with the approximate number of booster stations required are 
presented in Table 6.1. Landfall booster pumping stations are required at 
the ends of the pipelines for high lift pumping to the point of discharge.

Table 6.1 Potential Pipeline Routes and Basic Features

Scheme Maximum
Distance

(km)

Maximum Depth 
of

Pipeline
(m)

Approximate 
Number of 

Booster Stations

River Tees to East Anglia 270 70 1

Kent to Essex 70 30 1

Cardiff to Somerset 30 30 2

The maximum depth of the pipelines has been estimated from published 
bathymetry of the North Western European shelf, with 10m added for the 
unknown depth of shoals, sand banks and mud on the sea bed.

Existing pipelines and services along the routes of the proposed undersea 
pipelines include the following:

6-1



6.3

Along the Tees/East Anglia Pipeline

•  oil and gas pipeline in the North Sea between Teeside and 
Ekofisk (Norway);

• oil and gas pipeline in the North Sea between Easting and West 
Sole gas field;

•  oil and gas pipeline in the North Sea between Mablethorpe and 
Viking gas field;

•  strategic water aqueducts in the River Tees estuary;

•  underwater communication cables;

•  Hull to Rotterdam/Zeebrugge shipping lanes; and

• Ministry of Defence (MOD) establishments in the Wash, off the 
coast of Skegness.

Along the Kent/Essex Pipeline

•  Sheerness to Vilssinger marine traffic route; and

•  Shipping lines in the Thames estuary.

Along the Cardiff/Somerset Pipeline

• Shipping route along the Avonmouth/Gloucester navigation 
canal.

Pipeline Engineering

Undersea pipelines are generally of welded steel, although other materials 
such as UPVC and high density polyethylene (HDPE) may be used 
depending on the requirement for strength and rigidity in the local marine 
environment. At the construction stage, tenderers are normally afforded the 
opportunity of pricing alternative pipeline materials.

To justify the capital outlay for building undersea pipelines, and to ensure 
their economical operation, it is necessary to have a minimum throughput. 
Using design flows based on peak day demand, and with a peak day factor 
of 1.2, the flows in the proposed undersea pipeline schemes would be of 
the order of 200 Ml/d resulting in pipeline diameters of 1.2 to 1.5 metres.

The design of undersea pipelines must anticipate the intended method of 
construction and the local serviceability and strength requirements. Different 
construction methods have different cost and engineering implications. In 
general, there are two principal but interrelated methods of undersea 
pipeline construction. These are the:
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•  Tow out method; and

• Lay barge system.

Tow out operations are particularly cost effective in shallow inshore waters 
in that they require a relatively small labour force and inexpensive 
equipment. In the alternative lay barge system, a typical pipe laying barge 
working 50 to 150 km offshore, and laying 1 to 2 km of pipeline per day will 
require 6 to 12 supply ships, 2 anchor handling tugs and a survey vessel 
in attendance. The barge itself will have a helicopter landing pad for urgent 
supplies and crew changes.

The choice of a particular method of pipeline construction depends on a 
number of factors such as:

• diameter of pipeline;

• sea bed conditions; and

• ratio of pipe wall thickness to internal bore.

The application of standard pipe laying procedures such as protection and 
burial of pipes, is dictated by the diameter of the pipeline and seabed 
conditions. Subsea valves and other line attachments such as energy 
dissipators require protection by fabricated structures that can withstand 
impact of fishing trawl gear, drag anchors and underwater currents without 
damage.

Pipe preparation, involving application of anti corrosion coating, reinforced 
concrete jacket for weight and protection, and the attachment of anode 
bracelets for cathodic protection, is normally carried out ashore. After pipe 
preparation, pipeline sections are towed out for shallow water operations, 
or transferred by a pipe supply vessel to a semi submersible lay barge for 
deep water construction.

Due to the relatively low depth of water along the Cardiff/Somerset and 
Kent/Essex pipeline routes, and because there are no major obstructions 
such as oil rig drilling platforms, the low cost tow out construction 
technique may be more appropriate depending on local bed conditions. 
However, along the Tees/East Anglia route, the use of deep sea pipelaying 
barges would be inevitable, due to the length of pipeline involved and the 
distance of pipeline offshore.

The crossing of the Severn estuary along the Cardiff/Somerset line would 
require submarine pipeline construction technique adapted to local 
circumstances. Amphibious craft could be employed for trenching at low 
tide and pipelaying using lay barges at high tide. The underwater section 
of the esturial crossing must be trenched to a depth of cover sufficient to 
provide some measure of protection against anchors and ship’s keels and 
any dredger buckets that are likely to be used in any future development 
of the estuary such as the proposed Severn Tidal Barrage project.
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During operation of undersea pipelines, the following influences can cause 
damage to the pipeline:

• forces on the pipeline resulting from the action of wind, swell, 
waves and currents;

•  subsidence or scour of the seabed;

•  dropping or hooking of fishing gear and ship's anchors; and

•  morphological changes to the sea bed.

Maintenance of undersea pipelines may be classified under two separate 
but inter related categories namely:

•  routine (planned) maintenance; and

• breakdown (unplanned) maintenance.

Routine maintenance involves annual inspection procedures aimed at 
carrying out overall survey to Identify areas where more specific inspection 
will be necessary to ensure safe operation of the pipeline. Potential 
problems that are normally detected during routine maintenance include:

• inadequate burial of pipe sections;

•  free spanning of pipelines caused by scouring, and the 
associated vortex shedding in areas of high current velocities;

•  slumping on submarine slopes; and

•  movement of sand waves.

Breakdown maintenance relates to remedial works associated with short 
term damage to the pipelines which could result in an operational failure.

During routine maintenance, pipeline defects that are most likely to be met 
include loss of concrete coating caused by impact stresses, and lack of 
corrosion protection caused by anode damage or loss. The techniques used 
for routine maintenance inspection include shore approach survey by divers 
working over the first kilometre from the beach, and acoustic survey using 
sidescan sonar along both sides of the pipeline. The sidescan sonar allows 
examination of the condition of the surrounding sea bed and pipeline 
trenches. Additional techniques involve the use of submersible surveys 
incorporating video recordings and colour still photography in areas of 
particular interest to provide a basis for any remedial works programme.

Pipeline Operation and Maintenance
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Resources required for undersea pipeline maintenance include a dedicated 
team of qualified divers and a fully equipped maintenance vessel specifically 
designed for such operations.

6.5 Environmental Considerations

6.5.1 General

The review of potential environmental impacts associated with undersea 
pipelines has, for this report, been limited to the pipelines themselves. Any 
impacts which may be associated with the source of water for transfer in 
this way have not been considered.

The laying of pipelines on or just under the sea bed could have a number 
of environmental impacts as follows:

• Disturbance and localised destruction of sessile plant and 
animal communities close to and directly in the pipeline path 
during pipeline construction. These impacts may be mitigated 
by natural recolonisation of the locality and the pipeline itself 
with some species.

• Localised deterioration of water quality during pipeline 
construction due to resuspension of bottom sediments, 
resuspension of toxic or harmful substances attached to the 
sediment, and localised reductions in dissolved oxygen where 
organic matter is resuspended and made available for biological 
degradation. This may adversely affect sessile populations and 
organisms which utilise the area during part of their life cycle.

•  Disturbance and localised destruction of valuable shellfish and 
crustacean fisheries during pipeline construction.

• Disturbance and localised destruction of valuable fin fish 
spawning and nursery areas during pipeline construction.

• Disturbance to local fin fish migration pathways.

Other potential impacts include adverse effects on existing uses of the sea 
bed for electricity, gas and oil pipelines and the dumping of spoil, sludge 
and industrial/colliery wastes; fishing (trawling) activities; and other 
activities in the marine environment where the presence of pipelines on the 
seabed may cause obstruction.

Likely issues of particular relevance to the specific pipeline routes are 
discussed below based on discussions with conservation, biology, and 
marine specialist officers in the NRA and examination of the UK Digital 
Marine Atlas(1).
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Much of the sea bed in the Lower Tees Estuary between Stockton and the 
Port of Tees and Hartlepool is heavily contaminated with heavy metals, 
PCBs and other toxins due to the high pollutant load of discharges to this 
part of the Tees. Thus, localised resuspension of contaminated sediments 
following pipeline construction on the sea bed would be likely to reduce the 
quality of water in the Lower Tees. Whilst the current quality of water in the 
Lower Tees is poor, except at Teesmouth itself, measures are underway to 
reduce the pollutant load with consequent expected improvements in water 
quality leading to increased salmonid fish migration. Deterioration in water 
quality in the Lower Tees due to the laying of pipelines would be a sensitive 
issue.

Much of the land either side of the mouth of the estuary above the mean 
low water mark is heavily protected for its nature conservation interest by 
means of Sites of Special Scientific Interest (SSSI) and RAMSAR 
designation. The lower Tees estuary is also characterised by a strong tidal 
current in the main dredged channel, with minor eddy patterns of water 
movement away from the main channel. Thus, if pipeline construction was 
restricted to the main channel, water quality deterioration would probably 
have little impact on adjacent sites of nature conservation interest. 
However, water quality impacts if they occur at Teesmouth would have 
implications for migrating satmonid fish populations entering and leaving the 
Tees, and fin fish populations trawled. Thus, the impact of pipeline 
construction on the quality of water in the Lower Tees estuary including 
Teesmouth would require careful consideration, possibly with numerical 
models used to predict the extent of any Impact prior to any selection of 
pipeline route. In addition, a pipeline route passing close to the dredged 
channel would also encounter shipping and other commercial users of the 
marine/estuarine environment.

A pipeline route near to the Yorkshire and N Lincolnshire coasts would pass 
through areas designated for sand and gravel extraction, and the dumping 
of dredged spoil, sewage sludge and colliery and industrial waste. Careful 
route selection would, therefore, be required to minimise impacts on these 
existing uses of the sea bed. On the other hand, as local sessile flora and 
fauna populations are likely to have already been disturbed from these 
activities, pipeline construction would be unlikely to cause significant 
adverse impacts. A route south along the coastline would also pass 
through spratt spawning areas and herring nursery and spawning areas. 
Compensation for loss to fisheries could, therefore, be required.

The pipeline route would pass through the Wash to finish at Kings Lynn. 
The Wash exhibits an internal water circulation pattern arising from tidal 
inflows and outflow. This leads to water remaining in the Wash for greater 
periods of time and the formulation of mud flat areas. The entire inlet of 
the Wash is protected by the SSSI designation for nature conservation value 
as a rich infaunal community with important shellfish stocks of cockles, 
mussels and other molluscs, and as nursery grounds for flat fish. The 
shellfish and cockles in particular comprise a large part of the commercial

6.5.2 Pipeline Route 1 Stockton on Tees - Kings Lynn

6-6



shellfish catch in the United Kingdom. The Wash is also an important 
spawning and nursery area for sole, and shrimps are fished for 
commercially. Thus, impacts on sessile organisms, including the commercial 
shellfisheries, and on commercial flat fish and shrimp populations, due to 
pipeline construction would be a sensitive issue and careful route selection 
and construction techniques would be required.

6.5.3 Pipeline Route 2: Whitstable-Maldon

This pipeline route would pass across the outermost limits of the Thames 
estuary, an area of sea bed which is utilised for sand and gravel extraction, 
provides spawning and nursery areas for flat fish (sole etc) and fin fish 
(herring etc), and includes commercial shrimp fishing activity. Parts of the 
coastline near Maldon and Whitstable are also protected by means of SSSI 
designation for their natural flora and fauna, particularly the estuaries and 
intertidal marsh areas, and there are scattered shell fisheries. Thus, careful 
route selection would be required.

6.5.4 Pipeline Route 3: Cardiff-Burnham

The Taff-Ely estuary at Cardiff is protected by means of RAMSAR, Special 
Protection Area and SSSI designation for its extensive estuarine mud flats 
containing a rich infaunal community and internationally important bird 
populations, particularly wading birds and wintering wildfowl. This estuary 
has received substantial attention following proposals to construct and 
operate a tidal barrage. Thus, because reclamation has already adversely 
affected bird numbers in the estuary, proposals to construct a pipeline 
along the sea bed to take water from Cardiff would attract considerable 
opposition. Pipeline routes and methods of construction in the estuary 
would require careful assessment to minimise damage.

The pipeline route would also cross the Bristol Channel, an area which 
provides important breeding coastlines for flat fish, and which is commercial 
fished and utilised for shipping and other commercial activities including 
sand and gravel extraction, dredging and the dumping of sewage sludge 
and industrial waste.

6.6 C08tS

Undersea pipelines are expensive; the typical cost of laying pipe in 100 to 
200 metre water depth can exceed twice that of an equivalent pipeline on 
land. However the additional capital costs of an undersea pipeline can be 
out-weighed by its considerable advantages, which may include:

•  a relatively short pipeline length;
• little disturbance to either utility company plant or highways;
• no reinstatement or traffic control costs, which can be a 

considerable expense, especially urban areas;
• rapid construction;
• low planning and engineering design costs; and
® low pumping costs.
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The cost of an undersea pipeline cannot be expressed in the same terms 
as the other options ie the cost of unit yield or water delivered. An 
undersea pipeline alternative can only be properly costed against other land 
pipelines in a cost-benefit analysis; such work is beyond the scope of this 
report.

There is potential for undersea pipelines across the Thames and Severn 
estuaries to be used as part of a national grid (see Section 11); but longer 
undersea pipelines are not as attractive because they cannot deliver water 
to multiple demand centres or integrate with existing distribution systems.
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7 TANKERS AND WATER SACS

7.1 General

The objective of the tanker and water sac option is to study the feasibility 
of providing a means of satisfying localised drought demands in coastal 
cities and towns located in areas of water resource deficits.

Some 41 sea ports (donor ports) in areas of water surpluses in the UK, 
France, Belgium, Netherlands, Germany, Denmark, Sweden and Norway 
have been Identified and matched with 17 UK sea ports (receiver ports) 
which can accommodate tanker vessels and water sacs, and are located 
close to areas of water deficit (see Figure 7.1). The matching of the donor 
and receiver ports provided a sound basis for the development of marine 
transfer routes, assessment of costs; and the investigation of the physical, 
commercial and legal constraints governing the use of existing port facilities 
and services.

Preliminary cost estimates using chartered tankers/tow tugs for a single trip 
indicate that a water sac transfer operation will be 2 to 3 times more 
expensive than the equivalent tanker supply service along the same route 
for a typical UK operation.

7.2 Tankers

7.2.1 General

The amount of water that can be transferred per boat trip between a donor 
and a receiver port is limited by the size of tanker vessels that can be 
accommodated at the ports using existing berths, and onshore/offshore 
bulk storage facilities at marine terminals.

Since the objective of the marine transfer option is to satisfy local drought 
demands, it would be economical to charter vessels with on-board water 
tanks as and when required rather than investing in a dedicated fleet of 
vessels.

7.2.2 Water Transportation By Tankers

The method of bulk water shipment using tankers was employed in the past 
on a number of projects overseas for the alleviation of freshwater 
shortages. Examples of such schemes include:

• The pre 1950 water supplies to Kuwait. It involved the shipment 
of some 0.3 Ml/d of freshwater from Shatt - al - Arab in Basra, 
Iraq to Kuwait over a distance of 180 km;

• in the early 60’s, some 50 chartered tankers each of 20,000 
deadweight ton (DWT) capacity supplied water to Hong Kong 
from Chinese river sources; and
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• the transfer of 83 Ml of freshwater using tankers between the 
ports of Lavera, South France and Tarragona, East Spain for 
use in a new petrochemical complex in Spain.

Oil industry’s crude oil tankers are usually employed for water 
transportation using either of two methods. These are:

• the shuttle service, where dedicated tankers are used for 
carrying freshwater between water loading and discharging 
ports: and

• backhaul transportation, where freshwater is carried as return 
cargo after completion of a crude oil voyage.

The shuttle service concept is attractive from an operational and contractual 
point of view. The economics of water transportation by tankers is very 
sensitive to the voyage length, the size of tanker vessels employed and the 
time spent in port, with the most economical operations involving large 
tankers over short distances.

Water transported under the backhaul service often contain 10-15 ppm of 
oil even after cleaning the tankers and consequently, some form of 
treatment may be required to prepare the water for potable use.

7.2.3 Transfer Routes

The feasibility of a water transfer route originating at a donor port in an 
area where there is surplus water, to a receiver port in an area where there 
is water deficit, is determined by the economics of water availability at the 
donor ports, size of tanker vessels that can be accommodated, storage and 
handling facilities and the length of voyage.

Potential donor ports in areas of water surpluses are grouped according to 
their countries of origin as follows:

• Ports in the UK (in the Welsh, South West, Northumbria, 
Yorkshire and North West NRA regions) include Fishguard, 
Milford Haven, Swansea, Port Talbot, Cardiff, Plymouth, 
Tynemouth, South Shields, Sunderland, Seaham, 
Teeside/Hartlepool;

• ports in the Republic of Ireland include Cork and Rosslare;

• ports in France include Roscoff, St Malo, Cherbourg, Caen, Le 
Havre, Dieppe, Boulogne, Calais and Dunkerque;

• ports in Belgium include Ostende, Zeebrugge, Knokke Heist;

• ports in the Netherlands include Vlissingen, Hook of Holland, 
Scheveninger, Noorwijk, Velsen and Den Helder;
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• the Hamburg port in Germany;

• ports in Denmark include Esbjerg and Hirtshells;

• ports in Norway include Ana Sira, Kristiansand, Oslo and 
Stavanger; and

• Goteborg in Sweden.

Potential receiver ports In areas of water deficit are classified by port 
groups, according to the existing British Port Federation port classification 
scheme as follows:

• Ports in the West country port group include Poole and 
Portland in Dorset;

• Ports in the Sussex and Hampshire port group include 
Southampton, Portsmouth, Shoreham/Brighton and Newhaven;

• Ports in the Thames and Kent port group include Rye, Dover, 
Ramsgate and Brightlingsea;

•  Ports in the Haven port group include Harwich, Felixstowe and 
Ipswich;

• Ports in the Wash and North East Anglia port group include 
Lowestoft, Great Yarmouth and Boston; and

• Grimsby/lmmingham ports are in the Humber port group.

The cost of water transfer by sea depends to a great extent on the length 
of voyage between donor and receiver ports, and on the size of tanker 
vessels employed. In general, the larger the vessel and the shorter the 
round trip voyage, the lower the unit transportation cost. However, the use 
of large tanker vessels for freshwater operation may be limited by port 
dimensions, which is characterised by the maximum draught of vessels that 
can be accommodated at the ports. The use of very large and ultra large 
tankers for the water transfer scheme would require the construction of new 
dedicated facilities which would be prohibitively expensive.

It would therefore be advantageous to plan for tanker vessels of capacities 
of up to 40,000 dead weight tons (DWT). Vessels of this size can be 
accommodated economically using existing berths at ports located close 
to areas of water deficit. The length of voyage normally associated with the 
economic use of such tanker vessels is of the order of 165 nautical miles 
or 300 km. Consequently, this voyage length has been chosen as the 
maximum sailing distance in the selection of potential transfer routes in this 
study. The Tees port - Harwich transfer route, over a distance of some 300 
miles was included in the list of the potential transfer routes because 
Northumbria Water Group pic have developed the capability to ship water 
using dedicated facilities. Based on the physical constraint of port
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dimensions at donor and receiver ports, tankers of sizes 18000, 22000, 
30000 and 40000 DWT are considered suitable for the tanker transfer 
scheme.

It must be emphasized however, that enormous water resources potential 
exists in the Scandinavian countries of Denmark, Sweden and Norway, but 
the minimum sailing distance between these countries and receiver ports 
in the UK is in excess of 295 nautical miles. The promotion of water transfer 
from Scandinavia would require the use of larger tanker vessels.

Details of selected transfer routes are shown in Tables 7.1 to 7.4.

7.2.4 Loading/Off-Loading Requirements

Loading and unloading tankers with water require special handling facilities, 
pumping plant and storage tanks at source and destination ports, to enable 
tankers to quickly and efficiently load and discharge their cargo. The time 
normally allowed for such operations in the shipping industry is 48 hours.

The need for special handling facilities is demonstrated by the experience 
with the use of tankers in the oil industry. Oil terminals located in a general 
port are often physically and operationally remote from the rest of the port. 
Such special oil terminals are to be found at Milford Haven and Tees port.

At receiver ports such as Medway, Southampton, Grimsby and Felixstowe, 
there are limitations of space for the construction of new water storage 
tanks and pumping plant for the tanker transfer scheme. Consequently, 
offshore construction is likely to be the only solution to the provision of 
such facilities if required at the ports. Provision of offshore mooring 
facilities will normally require expensive pile foundations. Offshore storage 
buoys would require protective breakwaters, anchorages and submarine 
pipes for water transfer on shore. In addition, the planning and construction 
of offshore storage buoys would require special permission from port 
authorities and other pertinent, statutory bodies to ensure minimum 
interference with existing navigation and other offshore utilities.

The availability of tanker terminals at potential donor and receiver ports is 
shown in Tables 7.5 and 7.6.

7.2.5 Costs

Costing elements for a water transfer scheme using tankers must include:

• capital costs involving cost of storage and pumping plant at 
donor and receiver ports if required; and

• operating costs including the cost of vessel charter, water 
purchase from donor sources, insurance, disbursements, 
pumping, manning of loading/unloading terminals, and general 
maintenance.

7-4



As shown in Tables 7.5 and 7.6, 9 out of the 17 potential receiver ports, 
and 12 out of the 20 potential donor ports have existing tanker terminals. 
Therefore in general, the unit cost of transferring water by ship would be 
highly dependent on the operational cost of the scheme, provided ports 
with existing tanker terminals are used. Consequently, unit costs are 
calculated based on the operational and time charter costs to the proposed 
schemes. Another important consideration is the average speed of tanker 
travel, which determines the travel time and consequently the amount of 
water that can be moved in any given period. An average speed of 12 knots 
is considered reasonable, and this speed has been used to estimate the 
travel times for tanker operations in this study.

As stated in section 7.2.3, the range of tanker sizes that are considered 
suitable for use under the tanker transfer option include the 18000, 22000, 
30000 and 40000 DWT vessels. Preliminary cost estimates indicate that the 
most expensive operation would be the Ostend/Portsmouth transfer route 
using 18000 DWT tankers at E3360/MI, while the cheapest operation would 
be the Hook of Holland/Felixstowe transfer route using 40000 DWT tankers 
at E1430/MI.

The Tees/Harwich route scheme costs E1650/MI using 40000 DWT tankers 
and there is an added attraction of the existing dedicated facility operated 
by Northumbria Group pic at the Tees port. The existing loading and 
unloading facilities associated with this route preclude the need for 
additional facilities which are likely to be required for the operation of the 
other routes.

7.3 Water sacs

7.3.1 General

Water transfer using floating water sacs is a new technology to the water 
industry in the UK, but it has been used in the past in the oil industry, 
especially during oil spill emergencies and for water supply overseas.

There are a number of potential constraints associated with the use of water 
sacs in the UK. These include the ease of manoeuvrability of the sacs at 
sea and at ports, stability during tow at high tides, and the need for special 
handling facilities which, depending on local circumstances may involve the 
construction of submarine pipelines and additional pumping stations. Large 
sacs would be serviced at offshore terminals.

Water sacs built to date are medium sized in the range 5 to 10 Ml, but 
research and development is continuing on the construction of larger sized 
sacs. Currently available water sacs include the ’medusa’ bag from the 
Medusa Corporation Inc, Canada and the ’Unitor’ bag which originated from 
the Unitor Enviro Group, Norway.

Tahal (1989) in their study titled ’Supply of Water by Sea From Turkey to 
Israel' concluded that the Medusa bag may perform as predicted in the 
Mediterranean Sea, but the scheme would only operate at an estimated 80%
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7.3.2

7.3.3

reliability due to service considerations such as collisions and machine 
breakdown. Operating conditions in the Mediterranean and UK waters are 
not generally comparable.

Water Sac Technology

Water sacs are streamlined pillow tanks, available at present in volumes of 
up to 10 Ml. The material for the sacs is base fabric made from woven 
nylon coated on both sides with a flexible water proof coating such as 
plasticized PVC. The tensile strength of the sacs base fabric depends on 
the size of the bag. The sacs are normally towed by special vessels or tugs 
when used to transfer water or other liquid materials. There is need for 
special offshore handling facilities for loading and unloading water sacs.

Attached to the base fabric of the sacs is a strapping system composed of 
heavy nylon webbing. The purpose of the strapping is to:

• stop propagating rips;

• carry at least 80% of the hydrostatic forces; and

• provide anchorage for tow or mooring cables.

The combined base fabric and strapping, commonly referred to as 
compound fabric, is normally denser than water so that empty bags tend 
to sink. In practice however the sacs are buoyant due to the lower density 
of fresh water compared with sea water. In operation, sacs are partially 
filled with air to increase stability.

Transfer Routes and Sac Towage

There are two forms of operation normally associated with towing sacs 
using tugs. These are:

• ocean towing such as across the North Sea; and

• coastwise towing such as along the east coast, or in the vicinity 
of ports or from an offshore anchorage to harbour terminals.

(a) Ocean Towing

Towing a water sac in the open sea such as from Ana Sira, South Norway 
to Harwich, East Anglia requires a full hulled ocean tug or towship of 
maximum horsepower and bollard pull for the sac dimensions.

Maintaining the sac in step, involving keeping tug and sac separated by a 
distance equal to the approximate distance between wave crests saves fuel, 
minimises chafing of the towline, and decreases dynamic loads in the 
towing system. In inclement weather, ocean towing can be very difficult for 
a tug due to problems associated with maintaining the desired heading. Due 
to the physical constraints of port dimensions at existing UK ports close to

7-6



water deficit areas (maximum draught 13m), there is a limit to the maximum 
capacity of sacs that are feasible for use. A commercial operation may well 
involve much larger sacs serviced by offshore terminals thus independent 
of port facilities.

(b) Coastwise Towing

In contrast to ocean towing, coastwise towing, such as from the Tees port, 
Northumbria to Harwich, East Anglia Is generally carried out by more than 
one tug because of the need for greater control dictated by the 
requirements of safety, precision In berth and manoeuvre, and to minimise 
interference with existing marine traffic and services. Water sacs could be 
towed by tugs or a combination of tugs and other boats to minimise costs.

At low current velocities, water sacs are usually stable in tow, but at high 
velocities they may be highly unstable. The problem may be minimised by 
attention to design, fitting stabilisers and filling below capacity.

7.3.4 Loading/Off Loading Requirements

As shown in Tables 7.5 and 7.6, there are existing tanker terminals at a 
number of potential donor and receiver ports. Loading and unloading small 
water sacs at these tanker terminals is likely to interfere with tanker 
operation and other bulk cargo traffic. Consequently, there will be a need 
for special handling and storage facilities with which to load and unload the 
water sacs using offshore terminals and offshore or onshore storage 
facilities.

In general, loading/off loading requirements will include offshore mooring 
terminals, submarine pipelines, manning-and maintenance, and pumping 
equipment.

7.3.5 Feasibility of Using Water Sacs Under UK Conditions

The use of water sacs for water transfer in the UK will require medium sized 
sacs of tear strength in the range 1600 to 2000 newtons for improved 
serviceability at sea, and along the coast using tow tugs specially adapted 
for the purpose. The maximum towing speed at moderate sea state would 
be of the order of 3 knots and below.

For UK conditions of strong tidal current and large tidal ranges, there are 
limitations to the application of the water sac technology in a water transfer 
scheme. The existing technology requires adaptation to local UK situations, 
and this will necessitate further development and prototyping. A pilot 
project is recommended, and it is considered that this would be highly 
beneficial for a general understanding of the performance, viability and 
reliability of the scheme in the UK.
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7.3.6 Costs

Costing elements for a water transfer scheme using towed water sacs must 
include:

• capital costs, including bag purchase, complete with navigation 
signals, construction of storage facilities and Installation of 
pumping plant at ports; and

• operational costs including the cost of tug charter, water 
purchase from donor sources, insurance, disbursements, 
pumping, manning of loading/unloading terminals, and general 
maintenance.

To make the unit cost of the water sacs scheme directly comparable to the 
cost of the tanker transfer scheme discussed in Section 7.2.6, the 
Tees/Harwich transfer route has been selected for preliminary costing using 
a 40 Ml size sac (see Section 7.3.1). Initial investment, including the 
purchase of water sacs, are included in the costing exercise. The life of the 
sac is taken as 7 years, in line with manufacturer specifications.

As discussed in section 7.2.5, an important consideration for the economics 
of water transfer by sea is the average speed of travel of the ship, which 
determines the travel time, and consequently the amount of water that can 
be moved in any given period. A tow speed of 3 knots is recommended by 
water sac manufacturers, and this speed has been used to estimate the 
travel times associated with water sac towing operations in this study.

Unit costs calculated for a single trip from Tees port to Harwich using a 
2000 horsepower tug with 600 rpm engine and a bollard pull of 25 tons is 
E3960/MI. A low rpm engine was chosen due to its proven high reliability 
and low fuel maintenance costs. The cost of civil works for the construction 
of loading and unloading terminals would be substantial if there are no 
existing facilities. Civil engineering costs have not been included in the 
preliminary costing exercise. Distribution costs are also excluded.

7.4 Operational Considerations - Tankers and Water Sacs

The operation of a water transfer scheme using tankers and water sacs 
requires the following for a smooth and effective operation.

• negotiation of water availability, cost and reliability at donor 
sources;

• negotiation of necessary permits and voyage rights from port 
authorities; and

• provision of staffing, energy, communication facilities and 
consumables for the operation and maintenance of facilities 
dedicated to the scheme.
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Joint operation with companies representing the steel, aluminium, oil, coal, 
timber • and chemical industries should be considered to minimise 
duplication of facilities such as power and communication equipment.

Because there are limitations to the size of tanker vessels that can be 
accommodated at certain receiver ports, very large tanker vessels may not 
be used for direct donor port - receiver port water transfers. However, such 
large tanker vessels could be used in donor port - offshore storage 
transfers, with water subsequently moved to smaller tankers or piped ashore 
through submarine pipelines from offshore anchorages.

In the past, for reasons of physical constraints of port dimensions at South 
Wales ports, the iron ore industry investigated the trans-shipment of ore 
from very large ore carriers at the Milford Haven port to smaller ships for 
the South Wales ports. The investigation concluded that the operation is not 
financially attractive.

Charter of tankers and tugs for water transfer requires that the appropriate 
ships are obtained for the scheme, and that unknown liabilities are not 
taken up by the charterer. Many forms of charter parties exists, but the 
terms of the contract in this case will most probably be related to the 
frequency of use rather than the conventional voyage/time charter 
agreement.
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Table 7.1 Potential Water Transfer Routes With 18,000 DWT Tankers

Receiver
Port

Donor
Sources

Approximate 
Sailing Distance 

(km)

NRA Region 
Supplied by 

Route

Poole UK - South West 123 Wessex
France 228

Portland, Dorset UK - South West 158 Wessex
France 219

Portsmouth UK - South West 193 Southern
France 190
Belgium 298

Ramsgate France 181 Southern
Belgium 133
Netherlands 232

Brightlingsea France 151 Anglian
Belgium 160

Table 7.2 Potential Water Transfer Routes With 22,000 DWT Tankers

Receiver Donor Approximate NRA Region
Port Sources Sailing Distance Supplied by

(km) Route

Fawley, UK - South West 228 Southern
Southampton France 225

Shoreham, UK - South West 245 Southern
W.Sussex France 164

Belgium 263

Lowestoft France 209 Anglian
Belgium 176
Netherlands 193
UK - Yorkshire 280

Great Yarmouth France 224 Anglian
Belgium 188
Netherlands 194
UK - Yorkshire 274

Boston UK - 298 Anglian
Northumbria 257
UK - Yorkshire
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Table 7.3 Potential Water Transfer Routes With 30,000 DWT Tankers

Receiver
Port

Donor
Sources

Approximate 
Sailing Distance 

(km)

NRA Region 
Supplied by 

Route

Newhaven UK - South West 263 Southern
France 163
Belgium 266

Dover France 156 Southern
Belgium 140
Netherlands 231

Ipswich France 167 Anglian
Belgium 177
Netherlands 232

Table 7.4 Potential Water Transfer Routes With 40,000 DWT Tankers

Receiver
Port

Donor
Sources

Approximate 
Sailing Distance 

(km)

NRA Region 
Supplied by 

Route

Harwich UK - 518 Anglian
Northumbria 171
France 160
Belgium 228
Netherlands

Felixstowe France 181 Anglian
Belgium 158
Netherlands 217

Immingham UK - 228 Anglian
Northumbria 169
UK - Yorkshire
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Table 7.5 Availability of Tanker Terminals at Potential Donor Ports

Potential Donor 
Ports

Availability
of

Existing Tanker Terminal

Owner of Existing 
Terminal

Plymouth - Cattewater A Cattewater Wharves

Roscoff, France NA

St Malo, France A

Cherboug, France A Shell, Texaco

Caen, France A

Le Havre/Antifer, France A

Dieppe, France NA

Boulogne, France A

Calais, France A

Dunkirk, France A

Ostende, Belgium NA

Zeebrugge, Belgium A

Hook, Holland NA

Scheveninger, Holland NA

Tynemouth A Esso

Sunderland A

Seaham NA

Tees A Nothumbria Water 
pic

Note: A - Available
NA - Not Available
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Table 7.6 Availability of Tanker Terminals at Potential Receiver Ports

Potential 
Receiver Ports

Availability
of

Existing Tanker Terminal

Owner of Existing 
Terminal

Poole A Shell

Portland, Dorset NA

Fawley,
Southampton

A Esso

Portsmouth NA

Shoreham,
W.Sussex

A Shell, Texaco

Newhaven NA

Rye, E.Sussex NA

Dover NA

Ramsgate NA

Brightlingsea NA

Harwich A Sealink

Felixstowe A Thames & Kent

Ipswich A Port Authority

Lowestoft A Esso, Shell & CPS

Boston NA

Immingham A Humber Trustee

Great Yarmouth A Shell & BP

Note: A - Available
NA - Not Available
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8 CRAIG GOCH ENLARGEMENT

8.1 Background

In 1971 the Water Resources Board reported on possible alternative water 
. resource developments In Wales and the Midlands01. The report indicated 

that the enlargement of Craig Goch reservoir in mid-Wales would be well 
placed geographically to meet the anticipated demands in the Midlands and 
South Wales Area by augmenting dry weather flows of the rivers supplying 
these areas with water, the Wye and Severn (see Figure 8.1). Between 1972 
and 1980 extensive feasibility studies were undertaken by Sir William 
Halcrow and Partners (Halcrow) and other specialist advisers. The scheme 
was put forward for promotion in November 1975; however, following further 
studies, promotion was deferred due to revisions in water demand 
calculations and the proposed development of the cheaper Shropshire 
Groundwater Scheme (see Figure 8.1). In December 1979 promotion of 
Craig Goch was suspended and all completed studies were documented 
and archived in such a way as to allow resumption of promotion activities 
should the scheme be required in the future.

A large number of reports were produced between 1972 and 1980. In March 
1973 Halcrow produced the three volume ‘Craig Goch Project Feasibility 
Study* report(2). These reports contain the initial engineering proposals and 
costing of the scheme options. In October 1973 the Feasibility Study 
Supplementary Report’*3’ was submitted which showed that the unit cost of 
water fell steadily with increase in reservoir size and that the choice of the 
reservoir size was dependent upon whether other regions outside the Wye 
and Severn supply areas, were interested in taking up the yield of a larger 
resource. Further studies took place covering engineering, hydrology, 
geology, planning and environmental impact studies of various types. These 
were undertaken by a diverse group of experts. During this time the 
proposed scheme was modified considerably until the proposed promotion 
scheme was reached in December 1976. This consisted of a 373m top water 
level (TWL) reservoir with gravity diversion from other catchments to aid 
refilling of the reservoir and a tunnel outlet to the River Severn at 
Llanidloes, similar to the scheme shown on Figure 8.2. Following 
suspension of promotion the ‘Promotion Documentation Report’ was 
produced by Halcrow in December 1980(4\  which summarised studies to 
that date in the various disciplines.

8.2 Scope of Scheme Options

8.2.1 Regulation of the River Wye or River Severn

At present water companies are licensed to abstract in the region of 
226 Ml/d from the River Wye provided the abstractions are supported by 
regulation releases of up to 206 Ml/d from the Elan Valley Reservoirs. The 
additional Elan Valley Reservoir yield of 327 Ml/d is transferred out of the 
region via the Elan Aqueduct. Following the construction of an enlarged 
Craig Goch reservoir, the River Wye could be regulated by a larger volume 
of water, which could enhance the existing low flow situation, support the
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existing abstractions and allow for further abstractions from the Lower Wye 
for transfer out of the region.

Alternatively, an enlarged Craig Goch could be used to regulate the River 
Severn. This would require a tunnel which would either outfall to the River 
Dulas, a Severn tributary, or directly to the Severn at Llanidloes. The River 
Severn is at present heavily regulated by Clywedog Reservoir, the 
Shropshire Groundwater Scheme and by Vyrnwy compensation releases 
which are held in a conceptual ’water bank’ to provide regulation releases. 
Abstraction licences totalling 682 Ml/d are supported at various points 
down the length of the Severn. Craig Goch could support an increase in the 
existing licences as well providing for new abstractions for transfer out of 
the Severn Trent Region.

The choice of whether to regulate the River Wye, River Severn or both is 
dependent upon the location of the receiving demand centres. Craig Goch 
could be developed as a strategic resource to meet demands in the South 
Wales, Wessex and, via transfer and regulation of the River Thames, the 
Thames and Southern NRA’s regions. In this case the River Wye could be 
used as an alternative river for regulation rather than the Severn via a 
pipeline connection from the Chepstow area to the River Thames.

Table 8.1 summarises the advantages and disadvantages of regulation of 
the River Wye and the River Severn. The balance between the two options 
would be decided by whether:

(a) further regulation is required on the River Severn to support 
increased existing abstraction and new transfer to the West Midlands 
and East Anglia via the River Trent, or

(b) transfer is required to the Thames and Southern NRA regions via the 
Thames. The latter could be achieved by transfer to either river. If 
transfers are not required to the West Midlands and East Anglia then 
regulation of the River Wye would appear to be more advantageous.

If the larger reservoir options were considered, it would be feasible to 
regulate both the River Wye and River Severn.

8.2.2 Craig Goch Size

The existing Craig Goch reservoir was completed in 1904, and is part of the 
Elan Valley Reservoir Group which supplies Birmingham via the Elan 
Aqueduct. It has a gross reservoir capacity (GRC) of 9.2Mm3, the GRC of 
the other reservoirs in the group being Pen-y-Garreg 6.1 Mm3, Garreg-ddu 
3.0Mm3, Caben-coch 35.5Mm3 and Claerwen 48.3Mm3. Thus Craig Goch 
represents 9% of the existing Elan Valley Group gross capacity. The existing 
dam height is 41m above foundation with a top water level (TWL) of 317m 
AOD. The dam is constructed from masonry, with the 156m dam crest 
length operating as a spillway.
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The site provides an ideal location for a dam, being within the downstream 
narrow neck of a wide, long valley. Thus ratios of reservoir storage to dam 
fill are in excess of 100; other large reservoirs generally have storage to fill 
ratios in the region of 15 to 40.

The raised Craig Goch dam considered in the original feasibility reports and 
supplements to the feasibility reports range from 350m AOD TWL with a 
85Mm3 net increase in storage to 406m AOD TWL and 630Mm3 net increase 
in storage. The larger the reservoir scheme, the more extensive the 
diversion works to ensure adequate reservoir inflows. These range from the 
immediate catchment only, through gravity diversions from other 
neighbouring catchments (see Figure 8.2) to pumped augmentation from the 
River Wye and River Severn.

Unit costs of storage decrease significantly with the larger reservoir 
schemes. Thus from a TWL of 350m AOD to an optimum TWL of 373m AOD 
the unit cost of storage almost halves. Above 373m AOD however, unit 
costs increase by 15% due to the dam level rising above the level of a rock 
plateau on the west abutment.

The choice of reservoir size depends upon the size of resource deficits 
forecast, their location and how the cost of Craig Goch water would 
compare with alternative local schemes. A Craig Goch scheme could be 
developed as a large shared strategic resource, which could be drawn upon 
by many regions to meet demand growth. Hence larger reservoir sizes, 
which could be developed as strategic sources, have been chosen for more 
detailed investigation and costing; these are outlined in the following 
sections.

8.3 Development Options and Assumptions

8.3.1 General

The proposals for an enlarged Craig Goch reservoir have been assumed as 
those given in the promotion documents, rather than the original feasibility 
studies. The promotion scheme differs from the feasibility scheme by 
including additional features designed to minimise environmental impact. In 
particular these are the provision for increased diversion and temporary 
road works and a tunnel direct to the River Severn at Llanidloes rather than 
to the River Dulas. Limitations were also placed upon inflow diversion work, 
thereby restricting the reservoir refill period to 4 years.

Table 8.2 summarises the Craig Goch development options considered 
along with scheme capital and operating costs.

The full yields from the larger 373m and 385m TWL reservoirs cannot be 
accommodated by regulation of the River Wye alone, due to the limitations 
in the River Wye channel capacity. Therefore, the larger reservoir options 
would have to be used to regulate either the River Severn or both the rivers 
Severn and Wye.
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The 366m TWL scheme has been considered either for regulation of the 
River Wye or River Severn. The 366m reservoir can be refilled from its’ 
natural catchment and therefore no gravity diversion or pumped 
augmentation would be required.

8.3.2 Hydrology

The original hydrological analysis of Craig Goch was undertaken using a 
Water Resources Board (WRB) computer model. WRB's model simulated the 
River Wye and River Severn catchments including existing reservoirs and 
the then proposed Shropshire Groundwater Scheme. The Elan Valley 
Reservoirs were assumed to supply 364 Ml/d to Birmingham through the 
Elan Aqueduct.

Various demand profiles were used in the model, initially only for the River 
Severn abstractions, although later in the study demand profiles for the 
River Wye and for transfers to other regions were included. The simulation 
sequence used was the 1932 to 1969 flow sequence.

Some of the hydrological assumptions used in the study are now 
considered out of date and much more powerful computational techniques 
could now be employed with longer flow duration records. However, for the 
purposes of this study the yields derived in the original study are 
considered to be sufficiently accurate, so long as the minimum residual flow 
values set for the rivers have not changed markedly in the intervening 
years.

Model runs were not undertaken in the original hydrological studies to 
assess the yield of an enlarged Craig Goch reservoir regulating only the 
River Wye. Hence the yields have been assumed, for the purposes of this 
study, to be the same for regulation the Wye as for regulation of the Severn 
(the estimated values are shown Table 8.2). This assumption can be 
justified by the small differences in yields shown between a scheme 
regulating the Wye and Severn and a scheme only regulating the Severn.

Reservoirs with a TWL greater than 366m require additional refill works due 
to the Craig Goch catchment becoming over-reservoired. The extent of 
these additional refill works depends upon the allowable time to refill the 
reservoir from a drawdown state. During the course of the original Craig 
Goch study this period was increased from 3 to 4 years. For the 373m TWL 
reservoir the immediate catchment and gravity diversions from the rivers 
Yswyth, Diluw and Diluw Fechan are sufficient to refill the reservoir in the 
4 year period. A 385m TWL reservoir requires additional pumped 
augmentation from the River Wye and River Dulas during the winter higher 
flow period to refill the reservoir within the 4 years.
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8.3.3 P roposed Engineering Works

(a) Craig Goch Dam

The original Craig Goch Study recommended a rockfill dam construction 
with an impervious concrete upstream face. The dam would be constructed 
immediately downstream of the existing dam and would have upstream 
concrete facing slabs at a slope of 1 in 1.4. The downstream face would be 
at a slope of 1 in 1.5 and would be grassed.

The original study recommended a rockfill dam as the most economic and 
appropriate solution. This decision, however, would have to be reviewed for 
any new undertaking in the light of the progress in dam technology. In 
particular, Roller Compacted Concrete (RCC) dams have proved to be a 
cheaper alternative to the conventional rockfill dam in cases where, such 
as at Craig Goch, good rock foundations are present. It is thought that an 
RCC dam could be in the order of 20% cheaper than the dam proposed in 
the Craig Goch promotion documents.

(b) Gravity Diversions and Refill Options

A reservoir with a TWL at 366m AOD would require only its own immediate 
catchment to refill; a larger 373m AOD TWL dam would, in addition, require 
gravity diversions from the Rivers Ystwyth, Diliw and Diliw Fechan, as 
illustrated in Figure 8.2.

To refill the 385m AOD TWL sized reservoir, pumped augmentation would 
be required from the River Wye, as well as the contributions made by 
gravity diversions. Water would be pumped from the Wye through the 
proposed drawoff tunnel back into the reservoir.

Water quality concerns have been expressed regarding zinc and other 
heavy metal concentrations is the Yystwyth. An allowance was therefore 
been made in the original study to cover for the costs of treatment. This 
requirement would need to be re-assessed if promotion activities for Craig 
Goch were to be resumed.

(c) Drawoff Structure and Tunnel Works

A drawoff tower and gateshaft were recommended to be situated at Lan 
Wen on the east side of the reservoir about 2km north of the dam site. The 
tower was designed for a maximum abstraction of 1890 Ml/d.

The tunnel outfall to the River Wye, Dulas and Severn were to be 
constructed in 2 phases. The first phase allowing discharge directly into the 
Wye, and into the Severn via the River Dulas; and the second discontinuing 
discharge into the Dulas and allowing direct discharge into the Severn. The 
alignments of the proposed tunnels are shown in Figure 8.2.

Tunnelling requirements would be dramatically reduced if regulation of the 
River Wye only was required. Tunnelling costs comprise approximately 40%
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8.4

8.4.1

of the River Severn regulation scheme costs and this proportion would be 
reduced to nearer 16% for the River Wye regulation case.

River channel stability was considered to be one of the determining factors 
for the volume of regulation releases to the River Wye. Maximum 
permissable regulation flows to the Wye upstream of Rhayader were 
estimated to be 650 M l/d(5). Therefore, larger regulation flows in the region 
of 775 Ml/d would need to be split between the tunnel and regulation 
through the Elan Valley Reservoirs or a new tunnel alignment would be 
required, outfalling downstream of Rhayader. For the regulation of the 
Severn by even the smallest reservoir considered, 366m TWL, a tunnel 
would eventually be required to an outfall on the Severn at Llanidloes. It 
was recommended that the maximum outfall to the River Dulas should be 
150 Mi/d and to the River Severn at Llanidloes, 900 M l/d(5).

(d) Roadworks

An enlarged reservoir would inundate several roads and cause overloading 
of the existing road network during the construction period. Roadworks 
required fall into three categories and are summarised in Table 8.3

In the original Feasibility Study the extent of the roadworks recommended 
was costed on the basis of replacement of inundated roads. After further 
consultation it was later decided that further road improvements and 
temporary roads would be required to prevent the overloading of the 
existing road network. These were designed with the larger reservoir 
schemes in mind and therefore may not be appropriate for the 366m TWL 
scheme.

Environmental Considerations

General

As stated in Section 8.1, a considerable amount of investigative work was 
carried out during the 1970’s into the possible enlargement of Craig Goch 
reservoir. The environmental implications of the various proposals were 
examined by a number of specialists and the results of their investigations 
have been reviewed for this report, it is evident however that the specific 
environmental implications may need re-examination in the light of changes 
in environmental legislation, planning policies and local factors. The 
environmental considerations associated with the various Craig Goch 
schemes fall into three categories:

• impacts associated with enlarging the reservoir;

• impacts associated with regulation of either/or the River Severn 
and River Wye;

• in the case of the larger reservoir schemes, impacts on the 
rivers from which abstractions are made to fill the enlarged 
reservoir.
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Enlargement of the reservoir would involve land take, with consequent 
impacts on farmers and users of land in the locality. Discussions with the 
National Farmers Union during the 1970’s(4) centred on the following:

•  rearrangement of sheepwalks in the flooded area;

•  road access to Craig Goch during the construction period;

•  fencing of roads to Craig Goch and the fencing of sheepwalks;

•  compensation to farmers displaced or affected by the works;

• effects on private water supplies along the line of the tunnel to 
the river Severn.

Proposals were put forward to rearrange sheepwalks, fence land and roads 
as appropriate, and to monitor private water supplies along the tunnel 
route.

Discussions with the planning authorities and former Nature Conservancy 
Council were also held. No Areas of Outstanding Natural Beauty had been 
designated within the project area, although some works would lie within 
or close to Sites of Special Scientific Interest and Local Nature Reserves. 
There were two matters of concern. The first, an old oak tree where a rare 
lichen Lombaria amplissima grows (NGR SN 945 723). This is close to the 
site proposed for the control and outfall works to the river Wye near Glyn 
Gwy. Although within the limit of deviation for the works, an undertaking 
was given that the tree and some surrounding hazel would be fenced and 
protected during the construction stage, which resolved the issue. The 
second issue concerned the location of proposed outfall works in the Wye 
Valley, an SSSI. This is discussed in Section 8.4.3.

Landscape issues were examined by Colwyn Foulkes (1975)(6) and 
amenity/recreation issues by the Amenity and Recreation Sub-group of the 
Craig Goch Technical Working Party (1975)(7). This work concluded that the 
recreational and educational potential of an enlarged Craig Goch Reservoir 
would be considerable, both for passive and active recreation including 
angling and boating. Impacts on landscape would be targe but could be 
ameliorated to some extent with sensitive design.

The water quality implications of storing water derived from the Elan and 
upper Yystwyth catchments in an enlarged Craig Goch reservoir were 
assessed by Truesdale(0). He concluded that destratification measures would 
be required in the enlarged reservoir to prevent water quality problems 
associated with stratification.

Eutrophication of the impounded waters was not considered likely to be a 
problem; the levels of phosphorus in the various refill sources are low and 
unlikely to give rise to problems. However, Truesdale(0) suggested that

8.4.2 Enlarg ing the Reservoir
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precautions should be taken to limit any further entry of phosphorus to the 
source waters. In particular, collaboration with the Forestry Commission 
and other forestry interests to minimise loss of phosphorus to the 
watercourses during fertiliser application was recommended.

Mills(9) examined the likely fisheries implications of the proposals. He 
concluded that trout fishing can be expected to be good in the first few 
years after impoundment and that an amenity dam in the shallow north-west 
arm of the reservoir would provide a good fishing area during periods of 
drawdown. Recruitment, however, may be low as only 8% of trout spawning 
grounds would remain once the reservoir was enlarged. A hatchery could 
be provided to mitigate this loss of spawning grounds.

8.4.3 River Regulation

(a) River Severn

Impacts on water quality in the River Severn of discharge of Craig 
Goch water from a reservoir enlarged to 400m OAD were examined 
by Truesdale(0). In this instance, regulating releases from Craig Goch 
would be seven times the average daily flow of the Severn at the 5 
percentile river flow. Thus, the Severn at Llanidloes would be largely 
Craig Goch water.

Despite this 'worst case’ scenario, a reduction in pH of only about
0.5 from 6.5 to 6.0 was predicted with a corresponding decrease in 
hardness and a slight increase in colour. The resulting chemical 
composition would be largely similar to that normally occurring at 
high rates of natural river flow, with constituents predicted to be 
within the range of normal fluctuations. It was predicted that the 
chemical composition of water in the middle and lower reaches of 
the Severn following regulation would fall within the wide natural 
variations currently obtaining.

Hey(5) concluded that releases to the Dulas of up to 150 Ml/d at 
Tylwch outfall would cause some erosion and deposition in the 
Dulas. As a result, bank protection, channel realignment and gravel 
removal would probably be required at several sections to stabilise 
the channel. Releases to the Severn of up to 1500 Ml/d at the 
proposed Llanidloes outfall would also probably cause increased 
channel instability, at least as far downstream as Abermule and riffle 
stabilization, bank protection, channel realignment and gravel 
removal would probably be required. A maximum regulated flow of 
900 Mi/d at Llanidloes, however; was not thought likely to cause 
these effects.

Impacts on salmonid fish populations in the Severn and the Dulas 
were considered by Mills(S), who concluded that there would be no 
concern over a proposal to make additional releases of water to the 
Dulas of up to a maximum of 900 Ml/d during the winter months, 
provided that:
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•  the maximum discharge Is not released at times of spate;

• the natural and discharged flows do not together exceed 
14.0m3/s; .

•  when the discharge is halted, the operation should be done in 
stages.

Mills also recommended that provision should be made for the 
dispersal of fish upstream of the discharge point by opening up the 
falls in the Craig Twlych gorge on the Dulas and modifying the 
Felindre weir upstream of Llanidloes. Fish passes at Shrewsbury 
and Diglis weirs should also be improved.

(b) River Wye

The magnitude of regulation releases from an enlarged Craig Goch 
reservoir to the River Wye would be much lower than to the Severn. 
Releases at the 5 percentile river flow will be about 1 to 5 times the 
average daily flow at Nannerth. At this 'worst case’ scenario, 
Truesdaleta) predicted a reduction in pH of about 0.8 from 6.8 to 6.0 
with a corresponding reduction in hardness. The resultant water 
composition would be similar to that currently obtaining at high 
rates of flow. Thus, the predicted composition of water in areas 
directly downstream of entry of Craig Goch water, and the middle 
and lower reaches of the Wye, would generally fall within the wide 
natural variations already obtaining.

Hey(5) concluded that releases of up to 340 Ml/d to the Wye at Glyn 
Gwy outfall were not expected to cause significant erosion or 
deposition between the outfall and the Elan confluence and no extra 
protection was considered necessary.

Impacts of regulation of the River Wye with Craig Goch water on 
riverine biology were summarised by UWIST{10). In particular, a 
scenario of increased mean summer flows and unchanged winter 
flows was examined. The absence of detailed water quality 
information limited the scope of UWIST’s study but it was thought 
unlikely that flow regulation of the Wye would have a major 
detectable influence on the distribution and abundance of most 
macroinvertebrate species, although some may be affected by a 
softening of water or increases in wetted area available for 
colonisation, impacts on submerged macrophytes as a result of 
increased water levels in the summer were not considered 
significant.

In addition, flow regulation of the Wye was not thought likely to 
substantially affect the growth and survival of trout and juvenile 
salmon population.
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Concern was expressed, however, by both UWIST(10) and Mills(9) 
about the effects of summer flow changes on the migratory 
behaviour of adult salmon.

Finally, the entire length of the river Wye from its source to 
Chepstow has been declared an SSSI and the proposed outfall 
structures would therefore lie within this SSSI. Careful planning and 
design would therefore be required to minimise visual impact of 
such structures.

8.4.4 Abstractions for Reservoir Filling

Depending upon the size of proposed development the reservoir would be 
filled from either:

• the immediate catchment only;

• the immediate catchment plus gravity diversions from the rivers 
Yystwyth, Diluw and Diluw Fechan; or

• the immediate catchment plus the above gravity diversions plus 
pumped ammentation from the River Wye, and diversion from 
the River Dulas.

The impacts of abstraction from the rivers Yystwyth, Diluw and Diluw 
Fechan on water quality, riverine biology and fisheries were investigated 
during the 1970’s. The findings are discussed below.

The Ystwyth receives substantial quantities of soluble zinc from abandoned 
lead mines. As a result zinc levels in the Ystwyth are high, and fluctuate 
with variations in river flows, with lower concentrations corresponding to 
periods of high river flow because of greater dilution. Zinc loads to the 
river system also increases with rainfall at the mine sites(4). Lead 
concentrations, on the other hand, are much lower (less than 0.04 mg/l). 
Hardness and pH values are also low - 20 mg/l as CaC03 and 6.3 
respectively . However, this only increases the toxic impact of soluble zinc. 
It was concluded^ that abstraction of up to 170 Ml/d (1.97m3/s), leaving 
7 Ml/d or 0.081 m3/s  in the donating watercourses, would result in 
significantly increased zinc concentrations downstream of the mine sites. 
As a result, schemes involving remedial works to reduce zinc loads were 
investigated and it was concluded that provided remedial works were 
constructed at the mine sites the abstractions would not lead to a 
detrimental impact on zinc concentrations.

No other impacts on water quality as a result of abstraction from the 
Yystwyth catchment were considered significant.

Invertebrate surveys were undertaken in 1975, 1976 and 1977 by UWISTn0). 
Six sites were selected on the Yystwyth so that the impact of sources of 
metal pollution on invertebrate communities might be assessed. A total of 
111 taxa were collected. The species richness and density range were
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8.5

similar to those recorded at sites on the adjacent Upper Wye catchment; 
the fauna being dominated by the Insecta, principally the stone-flies and 
mayflies.

UWIST could find no evidence that the qualitative or quantitative 
distributions of fauna were related to metal contamination. Thus, it was 
considered unlikely that any impacts on metal concentrations resulting from 
abstraction would have significant adverse consequences for 
macroinvertebrate concentrations. However, no other aspect of riverine 
biology was examined and UWIST did not report on the effect of changes 
in hydrology and channel geomorphology on the catchments’ biology.

Impacts on fish populations were considered in detail by Mills(9). This work 
reported a relatively poor fishery in the Yystwyth, although salmonids were 
caught below Crosswood. Successful spawning was found to take place in 
clean tributaries, establishing a limited population in the main stream 
acclimated to elevated metal concentrations.

Fish populations were also not present where 95 percentile zinc 
concentrations exceeded 1 mg/l zinc. Thus, any deterioration in water 
quality, particularly increases in zinc concentrations resulting from 
abstraction, could further adversely affect fish populations.

Impacts of abstraction from the River Wye were considered by Mills(9). An 
abstraction scenario of a maximum 900 Ml/d abstraction solely in the 
period October to March, with a residual flow during this period of 180MI/d, 
was considered. It was concluded that a prescribed minimum flow of 180 
M l/d would be sufficient for the needs of angling in October and spawning 
fish in November and December.

Impacts on water quality were considered to be minimal and localised. 
Impacts on other aspects of riverine biology were not considered.

If the Wye was to be included as a likely source of water for possible 
development of Craig Goch, then it is recommended that the impact of 
abstraction on all aspects of riverine biology be considered, and impacts 
on water quality be determined in more detail.

Costs

Table 8.4 shows the breakdown of Craig Goch costs for the options 
considered. Costings from the original study were updated to Q3 1992 
prices using output price indices for public works. Inflation from Q3 1992 
to Q1 1993, has been assumed to be zero. Certain areas of the original 
March 1973 Feasibility Study(2) were later superseded in the following 
studies with changes to designs, new work requirements and adjustment to 
unit rates. Wherever possible the costed elements of the scheme conform 
to those described in the 1980 Promotion Documentation Report(4). Updated 
costs of the critical components have been checked against comparable 
components from other Halcrow projects and published material.
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The costing for the alternative RCC dam construction has been included in 
brackets as being 20% cheaper than the equivalent rockfill dam. A 
temporary by-pass to Rhayader has been assumed to be required for the 
385m TWL dam. The by-pass would follow the old railway route and relieve 
traffic loads through Rhayader during the dam construction. Tunnelling rates 
have been updated from the original feasibility study and, where regulation 
of the Severn is required, the tunnel has been costed with an outfall to the 
River Severn at Llanidloes.

Total annual operating costs have been factored by 11.26 to indicate the 
amortised cost of 30 years operation, based on a discount rate of 8%. This 
gives costs that can be compared with figures produced by the same 
method in the Halcrow Water Resources Planning - Strategic Options 
Report. However, dams can be assumed to have an operational life in 
excess of 100 years.

The unit cost of water, based upon the capital costs and 30 years’ 
amortised operating costs for the various Craig Goch schemes, ranged from 
£0.104M/MI/d to £0.147M/MI/d. The cost per Ml/d yield figures are basic, 
without the costs of transfer schemes from the regulated rivers to demand 
centres or treatment and distribution costs. The cost of the loss of the 
existing Craig Goch reservoir has not been calculated, though it is assumed 
to be small since it represents only 9% of the existing Elan Valley reservoir 
storage.
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TABLE 8.1: COMPARATIVE ADVANTAGES AND DISADVANTAGES OF REGULATING THE RIVER WYE OR RIVER SEVERN

REGULATION OF THE RIVER WYE REGULATION OF THE RIVER SEVERN

ADVANTAGES DISADVANTAGES ADVANTAGES DISADVANTAGES

Requires little or no tunnel works to 
regulate the Wye from Craig Goch

Requires a possible 14km of 
tunnel to regulate the River Dulas 
and a further 4.5km of tunnel to 
regulate the River Severn.

Smaller reservoir scheme can be built 
economically

Less economic to build a smaller 
scheme.

Support River Wye low flows [River Severn low flows are already supported by 
regulation]

Support further the existing abstractions 
on the River Wye by additional regulation

Support further the existing abstractions on the 
River Severn by additional regulation

Alternative Shropshire 
Groundwater Scheme available in 
staged development or possible 
Vyrnwy redeployment

Abstractions on the Lower Wye can be 
strategically located to supply transfer 
options to S Wales, Wessex and transfer 
to the River Thames

Unable to supply transfer to the River 
Trent and West Midlands. Less well 
suited than River Severn to supply 
transfers eastward

Abstractions on the Middle and Lower Severn can 
be strategically located to provide transfer to the 
River Trent and the West Midlands, Wessex and 
transfer to the River Thames

Less well suited than the River 
Wye to supply transfers westward

Potential Environmental benefit to the 
River Wye from the regulation

Little environmental benefit 
thought likely for already heavily 
regulated River Severn.

No further transfer of water from the River 
Wye catchment by the development of 
Craig Goch

Increase in water transfer out of 
the Wye Catchment, in addition 
to that transferred by the Elan 
Aqueduct.

No hydrological models produced and 
therefore potential yields are unknown

Hydrological models produced during Craig Goch 
Feasibility Study and scheme yields estimated.
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TABLE 0.2: SUMMARY OF CRAIG GOCH DEVELOPMENT OPTIONS CONSIDERED

CRAIG GOCH 
RESERVOIR

LEVEL OF INFLOW 
DEVELOPMENT

OUTFALL STRUCTURES YIELD CAPITAL 
COSTS 

£ M

ANNUAL 
OPERATING 

COST 
£ MTWL

mAOD
Net Storage 

Mm3
REFILL PERIOD 

ASSUMED
NET YIELD

A REGULATION OF THE RIVER SEVERN ONLY

1 366 190 Immediate Catchment 
Only

Tunnel to River Severn at 
Llanidloes with outfall to the 
River Wye

4 years 775 104.8 

[97.3 + ]

0.8

B REGULATION OF THE RIVER WYE ONLY

2 366 190 Immediate Catchment 
Only

Tunnel to River Wye at 
Nannerth with regulation 
releases also through the Elan 
Valley Reservoirs

4 years 775
Estimate

71.8 

[64.3 + ]

0.8

C REGULATION OF BOTH THE RIVER WYE AND SEVERN

3 373 250 Immediate catchment and 
Yystwyth, Diluw and 
Diluw Fechan Gravity 
Diversions

Tunnel to River Severn at 
Llanidloes with outfall to River 
Wye

4 years 1030
Estimate

127.2 

[119.0 + ]

0.86

4 385 360 immediate catchment, 
above gravity diversions, 
pumped augmentation 
from the River Wye and 
diversion from the River 
Dulas

Tunnel to River Severn at 
Llanidloes with outfall to River 
Wye

4 years 1455 162.4 

[149.2 + ]

3.24

f Assumes Roller Compacted Concrete Construction.
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TABLE 8.3 : CRAIG GOCH ROADWORKS

A. Permanent Road Diversions Width (m) Length
(km)

Aberystwyth Mountain Road to Bodtalog Farm 6.7 7.5

Elan Valley Road to Aberystwyth Mountain Road 5.5 6.5

Amenity access road to west of dam 5.5 5.5

B. Improvements to existing roads

Elan Valley Road 4.5 to 5.5 9.0

Aberystwyth Mountain Road 4.5-7.0 to 7.7 5.5

C. Temporary road works

By-pass to Rhayader (385mAOD dam size only) - 6.5
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TABLE 8.4 : SUMMARY OF Q1 1993 UPDATED CRAIG GOCH COSTS

A1) 366m TWL DAM 
Immediate catchment onfy 
Regulation Severn only

B2) 366m TWL Dam 
Immediate catchment only 
Regulation Wye only

C3) 373m TW L Dam 
Plus gravity diversions 
Regulation Wye and Severn

C4) 385m TWL Dam
.Gravity diversions and Wyo pumped
augmentation
Regulation Wye and Severn

Capital Costs 
EM

Operating Costs 
EM

Capital Costs 
EM

Operating Costs 
£M

Capital Costs 
EM

Operating Costs 
EM

Capital Costs 
EM

Operating Costs 
£M

Craig Goch Dam-roekflll 
[Alternative RCC Craig Goch Dam]

31.0
[24.61

31.0
[24.8]

34.1
[27.3]

55.0
[44.0]

Amenity Dam 0.5 0.5 0.5 1.1

Assistance Toward Reservoir turnover 1.1 1.1 1.1 1.1

Permanent road diversions and Improvement 12.8 12.8 12.8 14.0

Rhayader by-pass (temporary) - - - 1.9

Tunnel aqueducts 36.0 9,6 46.7 46.7

Control works (385m includes Wye pump 
station)

2.5 2.5 3.4 5.1 2.38

Severn outlall 0.3 - .3 .3

External gravity diversions - 3.2 3.2

Ystwgth and Fron Goch Treatment - - 1.6 .059 1.6 .059

Capital contribution to transmission lines - - - 2.1

Telemetry 0.5 0.5 0.5 .5

Land and compensation 1.B 1.8 1.8 2.7

Operation and maintenance ,B0 .80 .80 .80

SUB-TOTAL - Rockfill
[RCC]

87.3
[81.1]

.80 59.8
[53.6]

.80 106.0
[99.2]

.859 135.3
[124.3]

3.24

Additional contingency 20% 20% 20% 20%

TOTAL
[RCC] {30 year amortised E&M at B%)

104.0
[97.3]

.60
{9.01}

71.8
[64.3]

.60
{9.01)

127.2
[119.0]

.659
{9.67}

162.4
(149.2)

3.24
{36.48}

Yield 775 775 1030 1455

Costs per M!/d yield (assuming rockfill) 0.147 0.104 0.133 0.137
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TABLE 8.5 :COMPARISON OF CRAIG GOCH WITH OTHER LARGE UK DAMS

DAM LOCATION YEAH BUILT COST IN 
YEAR BUILT 
EM

DAM TYPE HEIGHT
ABOVE
FOUNDATION

m

CREST
LENGTH

m

DAM
VOLUME

x 10:>m;j

RES
CAPACITY

Mm3

SPILLWAY
SIZE

m J/s

DRAWOFF
STRUCTURES

COST INDICES 
TO 01 1993 
(Assume 0%  
from 03 1992 
to 01 1993)

Q1 1993 
UPDATED 
COSTS 
£M

Craig Goch 366m Elan/Welsh
NRA

Proposed 02 1972 
Estimate 
7.39

Costed as earthfill 86 340 1630 190 (net)

110

325m long 
drawoff 
tunnel & 
drawofl to 
R Severn

x 117/22 39.3

Craig Goch 373m Elan/Welsh
NRA

Proposed Q2 1972 
Estimate 
8.11

Costed as earthfill 93 360 2250 250 (net) x 117/22 43.1

Craig Goch 385m Elan/Welsh
NRA

Proposed 02 1972 
Estimate 
13.01

Costed as earthflll 105 2700 360 (net) x 117/22 69.2

Bewl Bridge Southern 1973 - 75 2. Rockftil, clay core 30.5 956 1320 27.3 345 Multi-stage x 117/45 5.2

Brcnlg Welsh 1973 - 76 12.1 Rockfill, earthfill, 
clay core

50 1200 4160 61.5 26.6 Multi-stage 
(n-s) pipe

x 117/50 28.3

Brlanne Welsh 1968 - 72 6.1 Rockfill. clay core 90 2740 2040 61.0 566 2.1m dla 
tunnel

x 117/23 • 31.0

Rutland Water Anglian 1971 - 75 30.0 Clay 40 1200 4700 124 18 M-S. 4 Inlets x 117/45 78.0

Grimwith Yorkshire 1976 • 82+ 20.0 Earthflll. clay core 49 994 1000 22.2 210 M-S. 2.4m 
and 5.0m  
tunnel

x 117/96 24.4

Kieldcr Northumbrian 1976 - 82 66.5 Earthfill, clay core 55 1140 4400 188 425 1.8m dla pipe x 117/96 81.0

Marchlyn CEGB 1976 - 80 16.5 Rockflil 72 635 1600 9.1 5 10m dla 
tunnel

x 117/92 21.0

Meggett Lothian 1970 - 83 20 Gravel 58 568 2100 61.4 210 M-S, 2x1m 
dia pipes

x 117/95 24.6

Winscar Yorkshire 1972 - 75 35 Rockfill 54 520 900 8.2 135 0.7m pipe 
M-S gallery

x 117/45 91.0

Carsington Severn Trent 1981 - 91 lO?" Earthfill. clay core 35 1250 2231 35 24 M-S syphons, 
pipe In culvert

x 117/128 97.8 '

Likely to include other tunnel works associated with the pumped storage works
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9 VYRNWY REDEPLOYMENT

9.1 Background

The ‘Water Resources Planning-Strategic Options’ (WRP) report to the NRA 
(Halcrow, 1991)(1) identified a surplus of water in the North West NRA 
Region amounting to 293MI/d. This surplus was forecast to rise to 584MI/d 
by 2001 due to falling demands in the region and a reduction in 
unaccounted for water from 33.2% to 24.6% by 2021.

A proportion of the yield of the North West resources was therefore thought 
likely to be available to supply other, deficit regions. The Lake Vyrnwy 
resource is ideally suited to be partially redeployed elsewhere, being 
outside the North West Region in the River Severn catchment. Redeployed 
yield from Vyrnwy could be used for further regulation of the Severn, 
supporting existing abstraction on the Severn or allowing for new transfers 
to:

• the East Midlands and East Anglia via the River Trent;

• London and the South East via the River Thames;

• Bristol and/or the Wessex Region via the Sharpness Canal.

9.2 Description of Existing Vyrnwy Works

9.2.1 Engineering

Lake Vyrnwy is situated on the River Vyrnwy, a tributary of the River Severn, 
near Welshpool, within the Severn Trent NRA Region (see Figure 9.1). It 
was constructed by the Corporation of Liverpool between 1881 and 1890 for 
the City’s water supply{2). The majority of Vrynwy’s yield is used by North 
West Water pic (NWW) to supply Liverpool, via the NWW owned drawoff 
tower and aqueduct. The dam, however, is owned by Severn Trent pic and 
is operated and maintained by Severn Trent under Section 2D Reservoir 
Agreements.

The works consist of a 26m high masonry dam on rock foundation which 
impounds 59700MI of water. The 184m long dam crest acts as a spillway 
structure. The drawdown facilities consist of:

• 800mm and 400mm diameter pipe outlets through the base of 
the South West Dam Tower capable of discharging a maximum 
of 345 Ml/d

• a 700mm diameter pipe outlet through the base of the North 
East Dam Tower which can pass 200 Ml/d into either the Aber 
Tunnel or the Vyrnwy watercourse;

• a drawoff tower situated 1km from the dam on the north side of 
the lake. The tower is connected to the Hirnant Tunnel and
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aqueduct to Liverpool, via a circular concrete culvert across the 
reservoir floor. The drawoff tower and Hirnant Tunnel are 
thought to have a capacity of 295 Ml/d, although supply to 
Liverpool is at present restricted to 210 Ml/d due to the limited 
aqueduct capacity.

Additional inflows to the reservoir are provided by gravity diversion tunnels, 
constructed in 1910, from the Afon Cownwy and Marchnant catchment 
areas. These increase the natural catchment area of Vyrnwy from 74km2 to 
94km2.

The aqueduct to Liverpool is 109km long and was constructed in four 
phases. North West Water have identified that £104 million would be 
required to rehabilitate the aqueduct and increase its capacity to 250 Ml/d 
over the next 20 years(3), on condition that supply to the North West 
continues.

The pipeline to Liverpool can be supplied from Vyrnwy by either the Hirnant 
or Aber Tunnels. The Hirnant Tunnel is a 3.6km long, 2.1m diameter tunnel, 
constructed during the same time as the dam, though extensively renovated 
in 1950 by relining and other maintenance works.

The Aber tunnel was constructed between 1921 and 1936 to facilitate the 
maintenance works to the Hirnant tunnel. This alternative aqueduct route 
consists of a 2.1km long, 1.4m diameter pipeline from the north east dam 
tower, bottom outlet to a tunnel portal in the Marchnant Valley. From there 
the 3km long, 2.1m diameter Aber tunnel leads to an outfall at the same 
point as the Hirnant tunnel where it connects into the aqueduct to 
Liverpool. The Aber tunnel is at present reported to be in poor condition, 
with rockfalls throughout its length.

Up to date information on Vyrnwy has been obtained from the June 1992 
Dam Inspection Report, which was undertaken by DNW Earp of Binnie and 
Partners(4).

.2.2 Present Management of Vyrnwy

The present operating rules of Vyrnwy are summarised in the ‘Operating 
Rules for Regulation of the River Severn'(5\  a document produced in 1985 
by the old Severn Trent Water Authority. The rules are quite involved, 
though the main principles are listed below:

•  North West Water are licensed to abstract a maximum of 253 
Ml/d peak direct supply. This abstraction however, is limited 
by the aqueduct capacity to 225MI/d, with the 2% drought 
reliable yield of the reservoir estimated to North West as 212.5 
Ml/d.

• Normal daily compensation discharge from the reservoir is 45 
Ml/d, although this may be reduced to 25 Ml/d if flows are 
above 20 Ml/d at the Cownwy Gauge.
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• A ‘water bank’ is in operation which is a conceptual partitioning 
of the reservoir whereby water saved from reducing 
compensation from 45MI/d to 25MI/d can be used for river 
regulation.

• Regulation releases can be made from the ’water bank’ to 
provide support for abstractions downstream. The additional 
‘water bank’ yield releases are estimated at 25 Ml/d for the 
regulation of the River Severn.

• Discharges can be made from Vyrnwy to provide flood 
retention, regulation for British Waterways Board abstraction 
and releases for fisheries management purposes. These 
discharges are deducted from the Water Bank.

• The rate of change of all discharges should not be greater than 
100MI/d per hour.

• The maximum discharge to the River Vyrnwy will be 405MI/d 
although overflows may be much higher than this.

9.3 Proposed Redeployment

9.3.1 Impacts to the North West Region of Redeployment

This has been the subject of two studies jointly undertaken by the NRA 
North West Region and North West Water Pic (NWW). The first was 
undertaken by Power and Water Systems Consultants and involves the 
modelling of the NWW’s resources to examine the knock-on effects of 
various reduced Vyrnwy supply scenarios. The results of this study have 
been used by Binnie and Partners to examine alternative sources of supply 
and the capital and operating costs of associated engineering works.

A summary document has been produced by NRA North West Region 
entitled ‘Vyrnwy Redeployment Options: Potential Impact on Water Supplies 
in Northwest England’, March 1993{3). The report assumes that the loss of 
supply from Vyrnwy will need to be replaced by an alternative source or 
sources. Present resources in the Southern Command Zone (SCZ) are 91% 
taken up and in peak weeks 98% taken up. If further integration of 
resources could take place, removing operating constraints, then the 
average utilisation for the region would fall to 83%, and peak utilisation to 
90%.

Demand forecasts for the region are at present being revised with early 
results indicating that the future decline in demand may be less than 
previous estimates. The report also mentions that present investigations 
into leakage indicates reduced scope for decreasing NWW’s unaccounted 
for water from 33.2%, to the planned 24.6% level.

The report gives the drought reliable yield (DRY) of Vyrnwy as 198MI/d and 
examines the affect on NWW supply of reducing this to 173, 120, 60 and
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0 Ml/d. During non-drought periods, however, the study assumes that a 
flow or200M !/d  can be maintained through the aqueduct, or in certain 
scenarios can be increased to 253MI/d.

The report recommends that total closure of the Vyrnwy aqueduct is 
. unviable, due to a number of offtakes above Oswestry which could not 

easily be supplied from elsewhere. A minimum flow of 60 Ml/d is 
recommended through the aqueduct in order to maintain operation.

9.3.2 Potential use of Vyrnwy for further Regulation of the Severn

The redeployed yield of Vyrnwy could be used to regulate the River Severn 
further; it is at present regulated by Clywedog Reservoir and the Shropshire 
Groundwater Scheme.

NRA Severn Trent Region (NRA-ST) and the (NW NRA) are currently 
undertaking a resource modelling study in which the increase in yield 
available from the River Severn system through reducing drought reliable 
yields (DRY) to NWW to 170, 140, 100 and 60MI/d, are being examined. 
At the same time the study assumes that direct supply output to NWW can 
be increased to 250 Ml/d when Lake Vyrnwy storage is healthy.

Initial figures suggest that the increase in yield from the Severn system 
could be in the region of 80 Ml/d for a reduced DRY supply to NWW of 170 
Ml/d. This represents a more efficient use of Vyrnwy storage, resulting 
from partial use for regulation rather than direct supply.

The modelling study assumes that 405 M l/d is the maximum permissible 
regulation release.

9.4 Regulation Options

There are various options for adapting Vyrnwy into a river regulation 
reservoir.

(a) Option 1; Use of Existing Facilities

Option 1 assumes that all necessary regulation releases could be made 
using the dam’s existing drawoff facilities; which are at present used for 
compensation releases.

The existing drawoff facilities have a capacity of 345 Ml/d through the 
southwest dam tower and 200 Ml/d through the northwest dam tower. 
Regulation water would have to be taken from the cold, less oxygenated 
deep water however, because existing outlets draw water from the base of 
the reservoir behind the dam. This could lead to detrimental environmental 
impacts (see Section 9.5).

This option would continue to allow abstraction for NWW direct supply 
through the existing drawoff tower and aqueduct.
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The operation of Vyrnwy in this mode would be as a base load regulator 
with the more versatile Clywedog Dam being operated to fine tune the total 
regulation releases in accordance with flow requirements in the Severn.

(b) Option 2: Regulation of both the R Vyrnwy and R Tanat using 
existing tunnels

This method of regulation would be suitable if discharges to the River 
Vyrnwy of 405 Ml/d were considered to be too large or if regulation by 
flows above 405 Ml/d were required.

To alleviate the high River Vyrnwy discharges the existing Hirnant or Aber 
drawoff routes could be used to pass flows into the Tanat Valley, from 
where new pipeline works could transfer water to a new outfall on the River 
Tanat. The Aber tunnei is said to be in poor repair, therefore remedial 
works would be required. The maximum capacity of the drawoff tower and 
Hirnant tunnel is 295 Ml/d. The supply to NWW is at present 205 Ml/d, 
which gives the option of passing 90 Ml/d through the Hirnant tunnel. If 
flow to NWW was reduced then a further proportion of the Hirnant capacity 
could be used for regulation. The advantage of using the Hirnant drawoff 
facilities would be that water could be abstracted from different reservoir 
levels to match river temperatures and quality more closely.

(c) Option 3: New Drawoff Facilities

A new drawoff tower could be constructed within the reservoir connected 
to a new tunnel bored through one of the side abutments and around the 
dam to release water into the River Vyrnwy.

A purpose built drawoff tower would provide all the modern multi-staged 
drawoff facilities along with water quality monitoring works, telemetry and 
automatic control.

One of the concerns of the most recent dam inspection report was that the 
capacity of the existing drawoff facilities (estimated at 840 Ml/d) was low, 
in comparison with an average annual inflow of about 400 Ml/d. Thus, the 
new works could greatly increase the reservoir’s drawdown ability and offer 
extra dam security.

Hydro-electric generation facilities could also be constructed alongside 
these works, if thought beneficial.

One of the main drawbacks of this option would be the decommissioning 
time needed to allow the construction of the works. Firstly, the reservoir 
would have to be drawdown, which may take some time due to the low 
drawdown capacity. Secondly the drawoff tower and tunnel would need to 
be constructed (this could possibly be done without completely dewatering 
the reservoir). However, the opportunity could be taken to undertake any 
maintenance work required for deteriorating structures such as the circular 
culvert from the existing drawoff tower to the Hirnant tunnel entrance. The 
reservoir would then need at least a winter season to refill.
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During this period alternative sources for water supply would need to be 
secured by NWW. The cost of providing these alternative sources may be 
high.

9.5 Environmental Considerations

The River Severn is already a highly regulated river, receiving water from 
the Clywedog Reservoir and the Shropshire Groundwater Scheme. The 
impact of these existing regulation releases however, has never been 
assessed in detail.

The absence of such baseline information makes the assessment of any 
additional impacts, which might result from regulation from Vyrnwy, rather 
limited.

Severn Trent NRA describe the river in the Upper Severn to be typical of a 
flashy river with alternating riffles and pools. Macrophyte growth is 
restricted to mosses, although the larger rooted macrophytes such as 
Ranunculus probably grow in some of the pool areas. The fauna directly 
downstream of release sites has been observed by the NRA to be sparse, 
although the particular reason for this is not known. Uncontrolled reservoir 
releases in the past have been observed to cause scour and the riffle areas 
are already considered prone to natural scour.

The major concerns with regard to releasing more water into the Severn 
relate to a possible increase in scour and changes in sedimentation 
patterns and the quality of the release water. Releases of cold water in 
summer months is a potential concern. However, provided that care is 
taken not to release cold bottom water and that the release pattern is 
controlled so as not to exacerbate natural flood conditions, it is unlikely 
that regulation from Vyrnwy will lead to any significant increase in 
environmental impact.

9.6 Costs

Table 9.1 shows the estimated costs of the three options discussed in 
Section 9.4. The first option assumes no new work and therefore has a 
zero capital cost. Capital costs for the second and third options have been 
calculated from other similar Halcrow projects and the 1991 WRP report(1). 
Costs are approximate, with particular uncertainty due to the difficulty in 
adapting an existing 100 year old structure.

The costs of replacement sources for NWW are not included. Vyrnwy 
reservoir is a cheap resource for NWW to operate, being of good water 
quality and a gravity fed system. Any replacement source, whether it be re
distribution from the Northern Command Zone or the development of a new 
resource, is likely to be more costly to operate and less secure than the 
present Vyrnwy system. Consideration would therefore be required to 
assess the reimbursement level needed to compensate NWW. An operating 
cost for Vyrnwy has been assumed to be £0.8M/year, which is in jine with 
Clywedog Reservoir operating costs. The operating costs amortised over 30
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years with an assumed interest rate of 8%, is calculated to be £9M. This Is 
a significant proportion of the total scheme cost and therefore should be 
re-estimated following negotiation with NWW, once the degree of 
redeployment of Vyrnwy, if any, has been decided.

The costs exclude the cost of transferring the water from the Severn to the 
marginal demand centres. Treatment and distribution costs are also 
excluded as are the costs of decommissioning the reservoir which would be 
required if Option 3 were pursued.

A redeployed yield figure of 300 Ml/d has been assumed for the regulated 
Severn taking a continuing DRY supply to NWW of 60 Ml/d. This figure 
should be updated when the results of the Severn Trent modelling study are 
known.

The release pattern results from the Severn Trent study are to be fed into 
the NWW and NW NRA model to give the actual costs to the North West 
Region of redeployment.
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TABLE 9.1 : ESTIMATED COST OF REDEPLOYING VYRNWY

OPTION 1 OPTION 2 OPTION 3

Use of existing drawoff facilities for 
all new regulation releases

Capital Cost 
EM

Part regulation of both the River 
Vyrnwy and River Tanat

Capital Cost 
£M

New drawoff tower and 
tunnel

Capital Cost 
£M

No works required 0 Renovation of the Aber Tunnel 
Including 3.0km length tunnel 
lining

1.5 . Multi-stage drawoff 
tower

2.3

Construction of a 5.5km long 
1.2m diameter pipeline from 
tunnel outfall works to an outfall 
on the River Tanat

2.1 Tunnel 3.0m diameter 
1km long constructed in 
rock with segmental 
lining

Telemetry

Outfall structure

[Does not include cost of 
reduced yield during 
construction]

2.0

0.2

0.4

Sub Total 0 Sub Total 3.6 Sub Total 4.9

Contingencies at 20% 0 Contingencies at 20% 0.7 Contingencies at 20% 1.0

Total 0 Total 4.3 Total 5.9

Operating 
Cost £M/a

Operating 
Cost £M/a

Operating Cost 
£M/a

Re-apportion of operating costs 
between NWW and NRA Severn 
Trent Region

0.8 Re-apportion of operating costs 
between NWW and NRA Severn 
Trent Region

0.8 Re-apportion operation 
costs between NWW and 
NRA Severn Trent 
Region

0.8
\

Am ortised opera ting  cost 9.0 Amortised operating cost 9.0 Amortised operating cost 9.0

Estimated scheme yield Ml/d 300 Estimated scheme yield Ml/d 300 Estimated scheme yield 300

Unit Cost £M/MI/d 0.03 Unit Cost £M/Ml/d 0.04 Unit Cost £M/MI/d 0.05

Note: For details of works associated w it^  each option see Section 9.4
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10 KIELDER TRANSFER SCHEME

10.1 Background

Kielder Water was completed in 1982 with the purpose of meeting the 
growth of demand then forecast in the North-East of England. The reservoir 
regulates the River Tyne and also, via transfer pipelines and tunnels, the 
rivers Wear and Tees. The overall system yield is estimated at 900 Ml/d. 
NRA Northumbria Region estimates that 325 Ml/d is available for export 
from the River Tees, after taking into account the projected demand growth 
in the Northumbria Region to 2021 and beyond. An abstraction to export 
water south from the River Tees could be supported, when necessary, by 
the transfer of augmentation releases from Kielder.

Part of the 325 Ml/d transfer could be taken up in the NRA Yorkshire 
Region as examined In the ‘Yorkshire Water Resources Development 
Options’ final report(1). This scheme would involve the transfer of 200 Ml/d 
from the Tees to the River Swale, to be abstracted lower in the catchment 
from the Yorkshire Ouse at Moor Monkton. The water could then be 
pumped, via an enhanced Yorkshire grid, to demand centres in the 
Yorkshire Region. However, alternative resources can be developed within 
the Yorkshire Region and hence it has been assumed that all the Kielder 
transfer water would be available for transfer southward to the NRA Anglian 
Region.

Transfer from Kielder to the Anglian region could be achieved by a series 
of river transfer links. Links from the River Tyne for the River Tees already 
exist; new links would be required from the Tees at Darlington to the River 
Swale, a tributary of the Yorkshire Ouse, and from the Ouse at York to the 
River Witham. From the Witham, strategic links within the Anglian region 
would be strengthened to distribute water to the various demand centres. 
The feasibility of the transfer links within the Anglian region has been 
examined in a separate ‘Strategic Options Study’125 undertaken by W S 
Atkins, for Anglian NRA, which has concluded that costs would be 
excessive.

10.2 Existing Kielder Scheme

The Kielder scheme is designed to manage the water resources of the North 
East of England by regulation of the rivers Tyne, Wear and Tees. The 
scheme consists of Kielder Water at the head of the River North Tyne, with 
a storage of 199 Mm3, which regulates the River Tyne. Riding Mill pumping 
station and intake abstracts water from the Tyne which is then pumped, via 
a 6.2km pipeline, to Airy Holm Headpond. Discharges are then made by 
gravity to the Rivers Wear and Tees through 32km of 2.9m diameter tunnel.

The transfer works have an ultimate capacity of 1180 Ml/d, although the 
present transfer capacity is 546 Ml/d because only the first phase of pumps 
have been installed at Riding Mill, and the first phase of pipeline to Airy 
Holm constructed.
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Abstraction licences for the principle rivers in the North East can be 
supported either directly or indirectly, when necessary, from various 
reservoirs such as Cow Green, Burnhope or Derwent and via the existing 
Kielder scheme. The system is operated to minimise the pumping costs at 
Riding Mill, with no pumping required in wetter years under the existing 
demand profile.

The average quantity pumped during the relatively dry years 1984 to 1991 
was 10,000 Ml/annum. This volume is set to rise as further demands are 
placed on the River Tees.

10.3 Hydrological Considerations

Hydrological considerations have a large Impact upon the quantity of water 
which would be required for transfer between river systems in order to 
support the final river abstractions along the transfer. Operational control 
rules would need to be developed so that, whilst maintaining the required 
level of yield, the transfer system could be optimised so as to minimise the 
volumes of water pumped and hence minimise the cost.

As river systems are Integrated, so the number of variables that influence 
the optimum solution increases and hence the system becomes more 
complex to model. For the Kielder to Anglian transfer more than 5 river 
catchments are integrated. The modelling of this system is outside the 
scope of the present study, although assumptions have to be made which 
approximate to a likely operating scenario.

Factors which influence the scheme operation are discussed below:

a) Transfer Demand Profiles

Transfers to demand centre may only be required in dry summers or, during 
design drought conditions, for longer periods. This is because a demand 
centre is likely to have sufficient local resources to meet operational 
requirements during the winter months and average summers.

b) Effect of River Integration

Imposing the transfer demand profile upon the last river along the transfer 
chain (ie the River Witham) may reveal that for a proportion of the time the 
transfer demand may be met by that river without the need for further 
supporting transfers. The remaining proportion determines the transfer 
demand profile passed on to a river further up the chain (ie the Yorkshire 
Ouse). The above logic can then be reapplied to the next river system, and 
so on until a residual demand profile is passed to the water source, ie 
Kielder

c) Localised Droughts

Droughts vary in severity and duration between regions. It could be the 
case, therefore, that whilst the Anglian region is suffering a severe drought
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demand without requiring supporting transfers from Northumbria region. The 
pattern of droughts will also affect regions differently due to the level of 
dependence in a region on a particular resource type. In the Anglian region 
45% of demand is met by groundwater sources and this area has been 
severely affected by the recent prolonged drought in the UK. In Yorkshire 
and Northumbria regions however, which are not as reliant on groundwater 
sources, the effect of the drought has been less severe.

d) River Abstraction

Some of the considerations which govern and influence river abstractions 
are listed below:

•  river hydrology summarised by the flow duration curve;
•  existing public and private abstractions;
•  minimum residual flow conditions;
• spate sparing rules;
• environmental constraints;
• water quality;
• existing flow regulation from reservoirs or groundwater 

augmentation;
• indirect transfers to other rivers, via the sewerage system.

e) Duration of Transfer

For the purposes of costing the Kielder transfer scheme, the average 
duration of transfer required per year has been assumed as:

1) 30 days Tyne to Tees transfer
2) 100 days Tees to Ouse transfer (via the River Swale)
3) 250 days Ouse to Witham transfer

The 30 days Tyne to Tees transfer was estimated by Northumbria NRA 
following a modelling study. This assumed that a continual transfer of 
325 Ml/d was required from the River Tees.

The 100 day Tees to Ouse and 250 day Ouse to Witham pumping duration 
per annum are conservative estimates.

Table 10.1 shows the maximum regulation flows for the various tranfer rivers 
and the corresponding Q95 and mean flows at various gauges. The gauge 
locations are shown on Figure 10.1. It can be seen that the regulation 
discharges are low in comparison to the mean river flows except for the 
North Tyne at Tarset (just below Kielder Dam) and the Wiske at Kirby 
Wiske. The environmental implications of such transfers on these rivers are 
discussed in Section 10.5.
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10.4.1 Kietder to Tees Transfer

Additional works, required to obtain the full output from the system are:

• installation of 364 Ml/d capacity of high lift pumps in the 
existing pumping station, with a duty point of 217m

• a second pipeline phase of 6.2km length and 2m diameter, to 
be laid adjacent to the existing pipeline.

The above works were planned as additional phases in the original scheme 
and are therefore assumed to be straight forward in terms of engineering 
and planning. The additional pumps could be phased in gradually as 
demand in Northumbria Region rises. The pumps already installed currently 
have sufficient spare capacity to accommodate the whole of the required 
364 Ml/d.

10.4.2 Tees to Swale Transfer

This would be a new section of transfer works with two transfer routes 
being examined:

• the first from the Tees at Darlington to the River Wiske at 
Hutton Bonville;

• the second from the Tees at Darlington to the Swale at Great 
Langton.

The location of the Tees intake and pumping station at Blackwell, south
west of Darlington, is common to both transfer routes. The advantages of 
this location are:

• water quality; the abstraction point is above the River Skerne 
confluence with the Tees. The River Skerne is of poor water 
quality, receiving effluent from Darlington Sewage Treatment 
Works (STW), and lowers the Tees water quality from Class 1a 
(good) above the confluence to Class 2 (fair) below the 
confluence;

• topography; pipeline routes from this location to the River 
Swale and River Wiske avoid the high ground of the Pennines 
to the west, and thus minimises static pumping heads.

Table 10.2 illustrates the difference between the two pipeline routes. The 
route to the Wiske is slightly shorter and offers lower dynamic lift heads 
and would therefore be slightly cheaper. Using the Wiske also has 
advantages for the Wiske's water quality, where at low flows the transfer 
water would offer dilution, reducing the impact of the discharge from 
Northallerton STW. However, the Wiske has limited hydraulic capacity, with

10.4 Proposed Transfer Works
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the full transfer quantity being greater than the river’s mean flow. As 
discussed in Section 10.5 the summer character of the Wiske would be 
altered considerably if such transfers took place.

The feasibility of the second route, the direct Tees to Swale link, is thought 
more certain and has been adopted for costing. This route is marginally 
longer than the route to the Wiske, but it has similar static head pumping 
requirements. The route crosses rolling farmland and outfalls to the Swale 
near Great Langton.

10.4.2 Ouse to Witham Transfer

Water transferred from the Tees could regulate the Yorkshire Ouse via the 
Swale, and from the Lower Ouse transfers could be made to the River 
Witham in the Anglian Region.

(a) Location of Ouse Abstraction

The abstraction site on the Ouse is governed to a large degree by water 
quality. The water quality of the Ouse changes below Naburn STW, which 
treats the City of York’s effluents, from class 1a (good) to class 2 (fair). 
Below the Ouse confluence with the Wharfe the water quality deteriorates 
still further to Class 3 (poor). Hence an abstraction intake on the Ouse 
should be situated above Naburn STW outfall, though, to minimise the 
transfer pipeline length, as low down the Ouse catchment as possible. An 
abstraction at Middlethorpe by the A64(T) bridge crossing would satisfy 
these conditions.

(b) Pipeline Route and Location of Outfall

Two pipeline routes were examined. The first is illustrated on Figure 10.1 
and takes a more direct route to the Fossdyke Navigation canal, which has 
sufficient hydraulic capacity to transfer water to the Witham at Lincoln. The 
second route initially passes eastward, to cross the Humber Estuary by 
tunnel downstream of the Trent confluence, and follows the valley of the 
New River Ancholme to outfall to the Witham in the vicinity of Willingham, 
east of Lincoln.

The second route has little to commend it in both engineering and 
environmental terms (as discussed in Section 10.5). The only advantage to 
this route is that a spur transfer could be made to demand centres on the 
south bank of the Humber, partially met at present from a Witham to 
Ancholme transfer. This is not considered to be of sufficient importance for 
this route to be studied any further.

The first route, illustrated in Figure 10.1, is likely to be the most cost 
effective. It minimises the length of pipeline required by taking a direct path 
and has an outfall to the Fossdyke Navigation Canal rather than directly to 
the Witham.
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The proposed route crosses the Rivers Ouse, Aire and Trent and also 
crosses major motorways and railways. To cross the major roads, railways 
and rivers microbore tunnelling or pipejacking techniques could be used. 
These techniques minimise disturbance whilst remaining cost effective. The 
route crosses mainly low lying farmland with the maximum pipeline height 
reaching only 25m AOD. An alternative route outfalling to the Witham to the 
east of Lincoln was examined but rejected due to the additional length and 
increased pumping head required for the route to pass over the ridge line 
to the north of Lincoln.

The Fossdyke Navigation Canal is a waterway which links the Trent to the 
Witham at Lincoln. The canal is used at present to transfer an average of 
86 Ml/d from the Trent to the Witham between the months of April and 
October. A transfer pumping station on the Trent at Torksey pumps water 
to the canal above Torksey Locks, from where it flows by gravity to the 
Witham at Lincoln.

The maximum daily abstraction from the Trent is at present licensed at 182 
Ml/d. However, due to pumping restrictions, which prohibit pumping for 
3hrs each high tide, the peak operational transfer is approximately 242 
Ml/d.

Assuming that the Kielder-Anglian transfer would be required at the same 
time as the Trent transfer, the total capacity of the Fossdyke Canal would 
need to be approximately 570 Ml/d.

The W S Atkins Transfer Feasibility Report*21 estimates that net daily transfer 
flows of 520 Ml/d in the Fossdyke Canal would increase velocities at pinch 
points by approximately 0.6 m/s and require an additional freeboard of
0.5m on the canal sides to provide for the increased hydraulic gradient. The 
report concluded that additional transfer flows of greater than 200 Ml/d 
would require works to increase the hydraulic capacity of the canal. These 
works would consist of:

•  raising the canal banks to provide sufficient freeboard for the 
increased hydraulic gradient;

. • bank protection to prevent erosion;
•  possible syphon by-passes at pinch points such as High Bridge 

to reduce flow velocities;
• possible increased headroom at bridges;
• possible raising of lockgates.

The Fossdyke Canal joins the Witham in Lincoln at Brayford Pool. The 
transfer capacity of the Witham through Lincoln is estimated to be greater 
than 750 Ml/d, and hence it has adequate capacity for the proposed 
transfer.

10.4.3 Transfers within the Anglian Region

Strategic transfers within the Anglian Region to distribute the transferred 
water to demand centres have been studied in detail by W S Atkins and will
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not therefore be examined any further here. It is noted that major 
engineering works, entailing costs in the order of £100m, would be required.

10.5 Environmental Considerations

10.5.1 General

The Kielder transfer scheme has been broken down into seven distinct river 
regulation and pipeline transfer components and the environmental 
consequences have been considered for each component. The seven 
components are:

• regulation of the River Tyne from Kielder Reservoir to Riding 
Mill Pump Station;

• pipeline and tunnel transfer from Riding Mill to the River Tees 
at Egglestone;

• regulation of the River Tees to Darlington;

• pipeline transfer to either the Wiske or the Swale Rivers;

• regulation of the River Wiske;

• regulation of the Rivers Swale and the Yorkshire Ouse;

• pipeline transfers from the Yorkshire Ouse to the River Witham.

As discussed in Section 10.1 the reliable yield of Kielder reservoir is 
currently estimated to be 900 Ml/d, of which approximately 100 Ml/d is 
used to regulate the rivers Tyne, Wear and Tees. Regulation of the 
Northumbria rivers is forecast to increase to 575 Ml/d by 2021 and the 
volume of water available for transfer is estimated to be 325 Ml/d. The 
environmental consequences of the following increased river regulation and 
pipeline transfers have been considered:

River Tyne + 800 Ml/d 
River Tees + 600 Ml/d
Rivers Wiske, Swale, Ouse to the River Witham + 325 Ml/d.

Impacts on the Witham are not discussed in this report. Relative quantities 
of water to be used in regulation and occurring naturally in receiving waters 
are shown in Table 10.1.

10.5.2 Regulation of the River Tyne to Riding Mill Pumping Station

Monitoring downstream of the point of release of reservoir water to the 
Tyne has indicated temperature changes in the river up to 14 km 
downstream due to the release of colder, bottom reservoir water. These 
temperature changes appear to have affected salmonid and invertebrate 
populations (NRA - John Hogger). There has also been a general deciine
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in dace populations, the cause of which is not known. As a result, 
Northumbria Water are now abstracting at different levels within the 
reservoir and NRA, Northumbria and Yorkshire Region have commissioned 
studies to determine the cause of dace population decline.

Increased regulation releases may exacerbate these effects. In addition, as 
north Tyne water is more acid than water further downstream (see Table 
10.3), increased reservoir release may alter the ionic composition of water 
directly downstream of the release site. The extent of this impact and its 
consequences would require investigation.

Current abstraction practice at Riding Mill, and in particular the coordination 
of Kielder release with abstraction downstream, does not appear to have 
had adverse effects upstream of the abstraction point (NRA - John Hogger). 
Notwithstanding this, NRA Northumbria and Yorkshire has suggested a 
rationalisation of reservoir release and abstraction at Riding Mill so that 
releases will mimic natural river floods more closely. The NRA has 
suggested that this should be achieved by allowing the continuous release 
of water for two days, two to three times a week, instead of the current 
practice of frequent, intermittent releases. However, if a Kielder-Anglian 
transfer goes ahead, water is likely to be required to be released from the 
reservoir on a continuous basis during dry summer months. This may cause 
adverse impacts and would require more detailed investigation.

10.5.3 Pipeline from Riding Mill Pumping Station and tunnel to the River Tees 
downstream of Egglestone Beck

The present pipeline and tunnel linking Riding Mill to the Tees has a 
capacity of 1180 Ml/d which exceeds the maximum estimated transfer 
volume of 900MI/d. Although the tunnel would not need to be enlarged, 
additional pumps at Riding Mill, and a second phase of pipeline from Riding 
Mill to the Airy Holme would be required. The possible environmental 
impact of these works is thought to be small.

10.5.4 Regulation of the River Tees from of Egglestone Beck to Darlington

Up to 600 Ml/d of Tyne water could be transferred to the River Tees to 
enter just downstream of Egglestone Beck. Some Tyne water is already 
released at this point and environmental impacts are thought to be minimal 
(NRA - John Hogger). However, the release of up to 600 Ml/d into the 
River Tees, where the Q95 flow may be as low as 213 Ml/d (see Table 
10.1), could have impacts on water levels, velocities and flow patterns, and 
consequences for sedimentation, bank stability and the ecology of the river. 
In addition, the introduction of Tyne water, albeit of likely similar pH, 
conductivity and buffering capacity (see Table 10.3), may also have 
implications for riverine ecology, particularly macroinvertebrates and fish, 
if the water is of a different temperature or of lesser quality as a result of 
stagnation within the pipeline. Tyne water could also contain 
microorganisms and viruses to which the fish in the Tyne are acclimatised. 
Entry of this water could introduce potentially new disease organisms into 
the Tees, with corresponding adverse impacts on the unacclimatised
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fisheries. Whilst no problems have been identified to date (NRA - Jim 
Lancaster, John Hogger), possible impacts of Tyne water release on the 
ecology and fisheries of the Tees are currently being investigated by the 
NRA. The results of these investigations would need to be taken into 
account in any examination of the effects of increased releases of Tyne 
Water.

It is planned that up to 325 Ml/d may be abstracted from the Tees at 
Blackwell, upstream of the Skerne confluence at Darlington. This represents 
substantially greater quantities of water than the Q95 flows in the Tees (see 
Table 10.1). Thus, abstraction would need to be carefully coordinated with 
the release of Tyne water further upstream to ensure that adequate water 
levels and river flows are maintained at the abstraction site and impacts on 
hydrology, sedimentation patterns and ecology are minimised. Pipework 
involved in water abstraction would also need careful screening to minimise 
the loss of fish and plankton as a result of entrainment.

As water is already abstracted at this site, additional engineering works, 
increased land take associated with increased water transfer, and 
environmental consequences on surrounding land are likely to be minimal.

10.5.5 Pipeline from the River Tees at Darlington to the R Wiske or R Swale

Most land likely to be traversed by this pipeline is used for intensive 
agriculture. Thus the pipeline route will need to be carefully chosen to 
avoid heavily cultivated land and access routes and the pipeline would need 
to be laid in a manner which minimises disturbance to agriculture.

It is unlikely that any rare flora and fauna, important habitat or cultural 
artifacts would be adversely affected. However, the pipeline route would 
need to be carefully surveyed to confirm this.

10.5.6 Regulation of the River Swale

The Swale is an important clean, Jlashy northern river of eroding upland 
character which supports substantial salmonid and coarse fish (dace, chub 
and barbel) populations. Most of the Swale is also a proposed SSSI on the 
basis of its aquatic flora and macroinvertebrate populations. As the Swale 
is particularly noted for its rapid changes in depth and speed, any 
introduction of water which substantially alters flow patterns, water levels 
and velocities would be of considerable concern. In addition, the impact 
of the introduction of lower pH and more poorly buffered River Tees water 
(see Table 10.3) in the summer months when the pH of the Swale is likely 
to be rising, needs examination. Introduction of water likely to contain fish 
disease organisms could also be of considerable concern.

Further downstream, the Ouse is a slower-flowing, larger, more alkaline river 
with a greater buffering capacity (also of good quality) upstream of York. 
Thus, the relatively small increases in flow (as shown in Table 10.1) and 
depth and changes in ionic composition brought about by river transfer are 
unlikely to have any significant consequences for the environment.
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Introduction of fish disease organisms, however, could remain of 
considerable concern.

10.5.7 Regulation of the River Wiske

As an alternative to direct transfer to the River Swale, water from the Tees 
could be transferred to the Swale via the River Wiske.

The Wiske is a relatively small (2-3 m wide at the release site) river of slow 
flowing lowland characteristics, depositional substrate, neutral pH and 
relatively high conductivity (see Table 10.3). It is also heavily managed and 
eutrophic, being in receipt of substantial quantities of treated sewage, 
effluent, and exhibits large growths of macrophytic vegetation and 
filamentous algae close to its confluence with the Swale. The entry of 325 
M l/d into this river during the summer when the Q95 flow may be as low 
as 16 Ml/d (see Table 10.1) would alter the nature of the Wiske beyond all 
recognition. In particular, water levels, velocities and flow patterns would 
be maintained above the mean flow condition during transfer.

The high regulation flows in the river could erode the bottom sediments and 
together with the increased water depth and velocities could reduce plant 
growth in the main river channel. Bank sides may also become unstable, 
adversely affecting land drainage and plant growth at the river margin. 
Macroinvertebrate populations typical of depositional, eutrophic 
environments and those associated with vegetation will alter and may 
disappear. Finally, the river close to its confluence with the Swale provides 
a winter refuge for coarse fish - dace, chub and barbel and a site of 
spring/summer spawning. Thus, any loss of macrophytic vegetation and 
increase in water speed may affect coarse fish populations. The overall 
importance of these impacts for the Swale system as a whole is not known 
and would need careful investigation.

Tees water taken upstream of the Skerne confluence will be of good quality 
(Class 1 b) and its entry to the Wiske would substantially improve the quality 
of water in the Wiske which is currently NWC Class 3 below Northallerton 
STW discharge.

Thus, the lowland character of the Wiske may be altered in the summer 
months with impacts on riverine ecology, land drainage and coarse fish, 
and the river changed to a faster flowing upland character river. 
Improvements in overall water quality on the other hand, may result in a 
cleaner river which supports salmonid populations. These impacts would 
require detailed investigation.

10.5.8 Abstraction from the Ouse at York

Abstraction of up to 325 Ml/d for river transfer during the summer from the 
river above or below York would require careful coordination with upstream 
release to ensure that a residual flow of 1000 Ml/d is maintained in the 
river.
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Care would be needed to choose an appropriate abstraction site which 
avoids or minimises any Impact. There are a number of important wetland 
areas just downstream of York (ie within 5-10 miles of York centre). These 
are seasonally flooded areas consisting of grazing meadow and wetland on 
both sides of the river in two complexes, each including Sites of Special 
Scientific Interest. Care would also be needed to minimise loss of fish, 
particularly coarse fish, on the intake.

Abstraction downstream of York, even if above Naburn STW, may involve 
the abstraction of water polluted to some extent with sewage, particularly 
if downstream of Fulford Pumping Station. Thus, the quality of water 
downstream of York would need investigation.

10.5.9 Pipeline from the Yorkshire Ouse to the Witham Routed to the South

This route would cross the River Aire, the River Trent and the New River 
Ancholme corridor just north of Scunthorpe

Most land in the vicinity of River Ouse and River Aire is fairly intensively 
farmed, with possible localised pockets of nature conservation interest. It 
is expected that a carefully selected pipeline route could minimise the 
extent of agricultural land and natural habitat affected. Care would, 
however, be needed to minimise the impact of tunnels across the Rivers 
Ouse, Aire and Trent.

Much of the land to the west of Scunthorpe in the vicinity of the Thorne 
Waste Moors, Hatfield Chase, Hatfield Moors and the Isle of Axholme 
consists of shrinking fenland soils. Some of this land is designated SSSI, 
not only for nature conservation but also for archaeology. Thus, careful 
surveying would be needed to determine a route for the pipeline which 
would minimise its impact.

10.5.10 Pipeline from the Ouse to the Witham routed North of the Humber

This route would cross the Humber Estuary by tunnel, downstream of the 
Trent confluence, and then run parallel to the New River Ancholme

Any pipeline routed to the North bank of the Humber would require careful 
reinstatement. In particular, to reach the north bank of the Humber a 
pipeline would probably cross the large National Nature Reserve which 
incorporates the Derwent Ings SSSI. This is an area of species-rich 
marshes and hay meadows maintained by subtle interaction between the 
main river channel and adjacent drains. The Humber itself is also of very 
great importance to conservation, particularly for birds, with its large areas 
of mud flats and salt marsh, and is likely to be designated a RAMSAR site. 
Thus, pipeline passage may have important consequences for conservation, 
and would require detailed investigation. In addition, flood defences are 
under examination, and any pipeline construction may have implications for 
the line and nature of these defences.
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The Humber estuary to the east and north is underlain by an important 
chalk aquifer heavily utilised for potable water supply. This aquifer is 
overlain by Drift deposits (boulder clay) of a low permeability which confine 
the aquifer, and allow heavy abstraction without saline intrusion. Thus, any 
disturbance to the boulder clay-aquifer complex could cause subsequent 
saline intrusion which would have major implications for groundwater 
quality. Tunnelling to take a pipeline across the river would, therefore, have 
to be conducted with great care. Most disturbance could be avoided if the 
river was crossed further to the west where the geology is older.

10.6 Costs

The capital and operating costs of the scheme are summarised in Table 
10.4. Costs have been estimated using an updated ‘Water Resources 
Planning - Strategic options' (WRP)w methodology. Capital costs were 
adjusted to Q3 1992 prices using the Output Price Indices and zero inflation 
assumed from then to present (Q1 1994). Operating costs are assumed not 
to have changed from WRP. Total annual operating costs have been 
factored by 11.26 to indicate the amortised cost of 30 years operation, 
based on a discount rate of 8%.

The major capital and operating cost is the Ouse to Witham Link, due to the 
length of the pipeline required which in turn gives a high friction head. The 
total capital cost of the scheme is estimated at approximately £100 million 
at Q1 1993 prices with £2.4 million annual operating costs. The unit transfer 
cost of 30 years operation is calculated at £387k per Ml/d, assuming the 
number of days per annum of pumping as 30 days, 100 days and 250 days 
between the Tyne-Tees, Tees-Swale and Ouse-Witham respectively (see 
Section 10.3).

Transfer costs to the demand centres from the Yorkshire Ouse and/or 
Witham have been excluded from the cost summary. Distribution and 
treatment costs have also been excluded. The costs also do not include 
abstraction licence costs from Kielder reservoir or the financing costs for 
Northumbrian Water’s existing infrastructure. For Anglian Region, transfer 
costs to the demand centres are estimated at approximately £100m.
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Table 10.1 Maximum Regulation Quantities and Q95 Flows in Regulated Rivers

Figure 
10.1 
Ref No

River Gauging
Station

Max
Regulation
Quantities

(Ml/d)

95
Percentile

Flows
(Ml/d)

Mean
Flow

(Ml/d)

1 N Tyne Tarset 900 77 684

2 N Tyne Bywell 900 470 3790

3 Tees Barnard Castle 600
(estimate)

268 1159

4 Tees Broken Scar 600
(estimate)

117 1469

5 Wiske Kirby Wiske 325 16 330

6 Swale Leckby Grange 325 327 1739

7 Ouse Skelton 325 682 4158

Source: 1981-1985 Hydrometric Register*35 Gauge locations shown on Figure
10.1

Table 10.2 Alternative Transfer Routes Between the Tees and Swale

Pipeline
Length
(Km)

Pipeline
Diameter
(m)

Static
Lift
(m)

Dynamic
Lift
(m)

Q95 of 
receiving 
river 

:M1/d

Mean 
flow of 
receiving 
river 
Ml/d

Tees-Wiske
transfer

13 2.0 25 11 16* 330*

Tees-Swale
transfer

16.5 2.0 25 14 327$ 1771$

* River Wiske at Kirby Wiske Gauging Station; see Figure 10.1 for 
Location

$ River Swale at Leckby Grange Gauging Station; see Figure 10.1 for 
Location
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Table 10.3 Temperature, pH and Major Ions in River Water

Temp pH Cond
pS/cm

Hardness
Aik Cl

Carb Non
Carb

Total
Mg/l

N Tyne at Yarrow 9.3 7.2 62.5 22.4 55.4 75.8 23 14.7

Tyne at Hexham 9.3 7.5 - - - - 65 -

Wear at Stanhope 8.9 7.0 - 73 171 189 93 101

Tees at Egglestone 9.5 7.6 - - - 52 50 -

Tees at Broken Scar 9.6 7.45 215 65 41 95 117 16.9

Wiske at Yafforth 10.0 7.7 917 - ■ 376 227 72

Wiske at Howden Bridge 11.0 7.6 1171 - • 475 208 84

Swale at Topcliffe 10.5 7.9 470 • - 200 137 25

Ure at Aldwarke Bridge 10.6 7.8 464 ■ - 194 131 30

Ouse at Nether Poppleton 10.9 7.8 443 • - 184 124 29

Source: NRA N orthum bria , Yorksh ire (mean values)
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Table 10.4 Kielder Transfer Costs Summary

Transfer Works Capital
Costs
£M

Operating
Costs
£M

Amortised
Costs
£M

Unit
Costs
£M/MI/d

Unit Costs
Destination
£M/M I/d

Licence Information Not Available

Towards Existing Infrastructure 
Capital Cost

Information Not Available

RIDING MILL

M&E Pumping Costs

Pipeline 6.2km 2.0m dia

4.28

4.80

0.48

Totai 9.08 0.48 5.43 0.045 0.045

TEES TO SWALE LINK

Pipeline 16.5km 2.0m dia

Pump Station Civil Works

M&E Pumping Costs {100 
days)

Intake

12.78

1.86

2.02

2.44

0.28

Total 19.11 0.28 3.16 0.069 0.113

OUSE TO WITHAM LINK

Pipeline 81km 2.0m dia

Pump Station Civil Works

M&E Pumping Costs (250 
days)

Intake

Fossdyke Navigation 
Improvement

62.76

18.6

2.87

2.44

1.200

1.589

Total 71.13 1.59 17.87 0.273 0.387
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Figure 10.1
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11 NATIONAL WATER GRID

11.1 General

People’s perception of a national water grid vary. To some it is a 
combination of aqueducts, pipelines and regulated rivers, similar to the 
system proposed by the Water Resources Board in the seventies, while to 
others it is a widespread network of pipelines linking every part of the 
country and distributing treated or untreated water.

The NRA, following on from WRB studies and the 1991 Water Resource 
Planning-Strategic Options Study (WRP)(1> have commissioned consulting 
engineers to investigate various strategic river to river transfers to meet 
forecast supply deficits (eg the Severn to Thames and Severn to Trent 
Studies). The advantages of a river transfer over piped transfer include 
lower capital investments and, by regulating downstream abstraction points, 
lower operating costs. River transfers would only need to be operated 
during periods of low flow as compared with year round for piped transfers. 
However, there are considerable environmental implications associated with 
river transfers which are not present with piped schemes. Thus, given the 
relative importance of environmental issues in the successful promotion of 
a water resource scheme and the costs of promotion, the option of a piped 
national grid may be worthy of consideration.

The concept of the National Water Grid given in the NRA’s WRP Report(1} 
was a set of pipelines connecting Manchester, Birmingham, Bristol, London 
and Peterborough which are fed from Kielder, Craig Goch and resources in 
the North-West. From the main pipelines, branch pipelines feed East Anglia 
and the South coast. The main supply deficits are in the east and the 
south, whilst surplus resources occur in the north and the west, thus the 
main transfers are in southerly and easterly directions. In this section the 
pipeline route structure of a national grid has been reviewed and refined; 
the sources feeding into the grid have been rationalised and the operational 
advantages of a grid network are discussed.

11.2 Demands

Before considering the grid structure, it is important to study the pattern of 
resource deficits in the country; the data given below are water company 
figures for each NRA region extracted from the NRA WRP report 1991(1).

These are the most comprehensive demand forecast data available at 
present, although revised figures may now be available from the work being 
undertaken as part of the National Water Resources Strategy project, of 
which this ‘other’ options report is part.

The WRP base-case forecasts, based upon company data, identified five 
NRA regions in deficit by 2021. These are:
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Thames 951 Ml/d
Anglian 421 Ml/d
Southern 281 Ml/d
Wessex 265 Ml/d
South-West 90 Ml/d

The above deficits are based upon annual average demand forecasts and 
the annual average drought reliable resource yields (DRY). The DRY is 
defined as the average rate of supply that can be supported during a 1 in 
50 year drought event.

The deficits account for forecast savings due to the introduction of water 
company leakage capital programmes, but exclude the impact of the 
introduction of demand management drought measures - such as hose-pipe 
bans and standpipes. In Table 11.1 the deficits in each region have been 
recalculated taking into account:

•  reductions in existing resource levels due to environmental 
constraints; and

• Increases in existing resource levels following promotion of 
section 143 schemes.

Table 11.1 Forecast PWS Deficits in 2021 in England and Wales (M l/d)

NRA
Region

Forecast 
2021 

PWS deficit

Environmental
cut-backs

Section
143

schemes

Revised 
deficit & 
1st yr of 
deficit ()

Thames -951 -198 + 621 -528 (2006)

Anglian -421 -17 + 200 -238 (2011)

Southern -281 -30 + 222 -89 (2015)

Wessex -265 -40 + 105 -200 (2005)

South-West -90 -24 + >114 -

Total -2008 -309 + 1262 -1055

- Signifies a deficit and + a surplus

The environmental cut-backs were evaluated based upon known low flow 
problem sites in each region. The Section 143 schemes are those resource 
developments which are being actively pursued by the water companies and 
appeared in the NRA’s Preliminary Report under Section 143(2) (a) Water Act 
1989(2). The report gives a list of schemes in each region accompanied by 
an estimate of the scheme yield. However, no guide to the promotability of 
the schemes is given. The estimate of the maximum Section 143 yield in 
each region (see Table 11.1) was made based upon a judgement of the
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scheme's promotability and yield potential. It has been assumed, that all 
recognised Section 143 schemes would be more economic and would be 
promoted before a national grid: the WRP report concluded that a national 
grid would be very costly to develop.

11.3 Resources

The major resources for supply to the grid are to be found in the west and 
the north of the country. The following schemes have been identified.

Estimated Yield

Kielder reservoir 325 Ml/d

Vyrnwy reservoir redeployment00 300 Ml/d

Shropshire groundwater augmentation**5 200 Ml/d

Craig Goch reservoir 775-1030 Ml/d

River Trent abstraction*05 200 Ml/d

Wash bunded reservoirs 450 Ml/d

2050 to 2505 Ml/d

Notes

(a) At present the yield from Vyrnwy reservoir redeployment by river 
regulation (R.R) is unknown. It has been assumed, however, that the 
river yield through RR is twice the available direct supply yield. The 
full direct supply yield of the reservoir is 210 Ml/d of which 60 Ml/d 
is needed to supply local demand; the reservoir river regulation yield 
is therefore given as:

(210 - 60) x 2 = 300 Ml/d

(b) The Shropshire groundwater scheme has an ultimate yield of 
325Mi/d, of which 85MI/d is developed. Proposals for a further 
40MI/d development have been received by the Department of 
Environment. Much of the balance may be required to supply local 
demand.

(c) The yield from the River Trent is currently unknown, being the 
subject of an on-going study. A conservative yield of 200 Ml/d has 
been assumed for this exercise.

The total yield from the listed schemes exceeds the forecast 2021 PWS 
demand deficit given in Table 11.1 by more than 1000 Ml/d. Therefore, one 
or more of the identified schemes could be discarded as sources for the 
grid. Without having undertaken a proper economic assessment the 
selection of contributory schemes cannot be finalised. However, an initial
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selection of schemes has been made on the basis of the following 
assumptions:

•  Shropshire groundwater is used locally.

• Kielder reservoir can be disregarded since it is remote from the 
deficit regions, and likely to be the most expensive source to 
operate; even discounting the capital cost of the reservoir this 
source is expensive05.

• Vrynwy reservoir, and Craig Goch reservoir enlargement could 
be used to regulate the river Severn and Wye, to feed deficits 
in Wessex, Thames and Southern NRA regions.

• A fully developed Craig Goch scheme is not required. A 
development with a minimum yield of 400-600 Mi/d would be 
needed dependent on any contribution from Shropshire 
groundwater. However, a larger scheme, of 700MI/d would be 
necessary if redeployment of Vyrnwy were not possible.

• The River Trent could supply the Anglian region with 200 Ml/d. 
The remaining deficit in Anglian would be met from River Severn 
sources.

Grid Structure

The routes of the main grid pipelines are shown in Figure 11.1. There are
four separate pipelines running in a general west to east direction.

Pipeline 1: has a maximum capacity to supply 250MI/d to the Wessex 
(200 Ml/d) and Southern (50 Ml/d) regions from the River 
Severn and the River Wye. The pipeline connects the cities of 
Bristol and Bath and extends down to Bournemouth and along 
the south coast; connecting Southampton, Portsmouth and 
Brighton.

Pipeline 2: has a maximum capacity of 600 Ml/d and starts on the River 
Wye at Ross-on-Wye. The pipeline supplies 150 Mi/d to pipeline 
1 at Gloucester and from there has a 350 Ml/d capacity. The 
pipeline crosses the Cotswolds near Cheltenham and runs down 
the Thames Valley, supplying 250 Ml/d to the Thames region. 
An extension to the pipeline beyond London, possibly via the 
new ring main, could deliver 50 Mi/d to Southern region.

Pipeline 3: has a capacity of 300 Ml/d and runs from the River Severn 
upstream of Worcester to North London via Coventry, 
Northampton, Milton Keynes and Luton. The pipeline delivers 
50 Ml/d to the Anglian region and 250 Ml/d to Thames.
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Pipeline 4: distributes 200 Ml/d from the River Trent to the Anglian region.
Passing through Peterborough the pipeline bifurcates to supply 
100 Ml/d to Kings Lynn and Norwich and 100 Ml/d to 
Cambridge and Essex.

A summary of the pipeline supply to the deficit NRA regions is given in 
Table 11.2.

Table 11.2 National Grid Pipeline Supply Volumes to Deficit Regions (M l/d)

Region 1 2 3 4 Total

Thames 300 250 550

Anglian 50 200 250

Southern 50 50 100

Wessex

.  .

200 200

Total 250 350 300 200 1100

The above pipeline routes have been selected so as to link the greatest 
number of demand centres thereby maximising the potential for future 
resource integration (see section 11.5). It is appreciated that in the 
selection of pipeline routes consideration must be given to the pipelines 
elevation and length, in order to establish an optimum balance between 
revenue costs of pumping, and the capital costs of construction. However, 
it has not been possible within the limitations of this study to carry out such 
detailed investigations.

11.5 Construction Programme

It is envisaged that the main pipeline routes would be constructed in phases 
to match a programme of forecast deficits, such as suggested in Table 11.3. 
These regional deficits assume a uniform deficit growth rate.

Table 11.3 Regional Forecast Deficits with Time (M l/d)

2006 2011 2016 2021

Thames 0 183 367 550

Anglian 0 0 125 250

Southern 0 0 17 100

Wessex 13 75 138 200

Total 13 263 647 1100
0
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The programme of construction for pipeline 1 for example would be as 
detailed below:

2005 100MI/d pipeline from Gloucester to Bournemouth

2013 150MI/d pipeline from Gloucester to Bournemouth

2015 50MI/d pipeline from Bournemouth to Brighton

A phased modular growth allows the grid to be tailored to closely match the 
rate and pattern of demand growth, and to defer capital investment.

In addition to phased construction of the pipeline the development of 
resources needs to be matched to demand; again preferably in a staged 
manner. As can be seen from Table 11.3 deficits arise firstly in the Wessex 
and Thames regions, suggesting the need to develop either the River 
Severn sources, Vyrnwy redeployment and Shropshire groundwater, or the 
River Wye source Craig Goch.

Due to it being a relatively cheap resource and already partially developed, 
it is suggested that any Shropshire groundwater excess to local demand 
should be developed first, in 2005, to supply pipelines 1, 2 and 3. A second 
source, possibly Vyrnwy would be required by the year 2009 to feed the 
growing demand in the Wessex, Thames, and by 2015, Southern regions.

In 2011 the River Trent source would need to be commissioned and by 
2015 a Craig Goch reservoir would be required. The new reservoir could be 
used to supply Wessex, Southern and part of the Thames region via 
pipelines 1 and 2, whilst Vyrnwy and Shropshire ground water could supply 
pipelines 2 and 3.

11.6 Grid Operation

An operational advantage of a grid system is the potential to assist in the 
integration of local sources and improve the efficiency of existing supply 
systems.

It has been assumed that raw water would be transferred in the grid, thus 
avoiding the costs involved with the constructing new treatment works at 
the sources and leakage losses of treated water. The raw water would 
probably need some conditioning prior to transfer, however, in order to 
minimise problems caused by biological growth in the pipelines.

The main grid supply pipelines could act as a framework into which local 
distribution networks could connect and combine to form ever greater 
integrated distributor networks: river transfer and regulation systems do not 
have this property.

Increased integration of the supply system would help to achieve:

• ^conjunctive use of sources connected to the grid;
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• a reduction in the ratio of average to peak demand; and

• improved security of supply.

An area or region need not be a net user of water from the grid to receive 
. benefits from integration with the grid.

Although the above benefits are tangible it is difficult to assign a monetary 
value to them. However, they should be taken into account when carrying 
out a proper cost benefit analysis. The national grid costs given in Section 
11.8 are based upon an unphased grid construction and all year round 
pumping.

11.7 Environmental Considerations

The laying of pipelinesacross land will have environmental impacts arising 
from the disturbance of ground whilst pipelines are laid and transfer points 
constructed. Such impacts would tend to be temporary however, although 
some features may be adversely affected on a permanent basis, being 
difficult or impossible to reinstate, for example habitat of nature 
conservation interest, badger sets, old hedges, areas valued for their 
landscape or archaeological features and particularly sensitive water bodies. 
Localised nuisance due to noise and dust from construction activities may 
also occur. As a result, pipeline routes would need careful choice, should 
follow existing transportation routes for preference and would require 
finalisation only following detailed surveys.

A water grid would not however, result in the same degree of in-river impact 
that river transfer schemes would cause. River abstractions would still be 
required, but the hydrological impacts resulting from large scale river 
regulation would be reduced. This would be beneficial with regard to 
potentially adverse regulation impacts such as channel instability, water 
quality problems associated with mixing of waters of different chemistry, 
drowning out of marginal species etc. However, river regulation can have 
some beneficial effects such as increased dilution for effluent discharges 
and prevention of very low river flows. Any such benefits would, therefore, 
be lost if water was transported via a piped water grid.

11.8 Costs

The water grid costs are summarised in Table 11.6 for the various pipelines 
routes and stages along the pipeline. The unit costs described do not 
include water treatment or distribution costs. The costs of the scheme were 
calculated using updated figures from the ‘Water Resources Planning - 
Strategic Options’ (WRP) report. The capital costs were adjusted by Output 
Price Indices for public works to Q3 1992 prices and zero inflation was 
assumed from then to Q1 1993 prices. Operating costs are assumed not to 
have changed since WRP with the basic energy cost remaining at 4p/KWh.

The diameter of pipeline was selected such that flow velocities would not 
exceed 1.5 m/s. Where the pipeline diameter increased above 1.6m a
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duelling of pipes was assumed. This gives the advantage that the 
construction of the pipelines could be staged, and maintenance undertaken 
more easily. A friction head was calculated using a Hazen-Williams 
roughness coefficient of C = 100.

Intermediate pumping stations were assumed necessary where pumping 
heads rose above 200m. The pumping heads for each stage of pipeline 
were calculated from the static head and friction head. A gross static head 
was calculated as the difference between the summit height along the 
pipeline route and the intake height. In certain cases the static head 
required to lift the water over the summit of the pipeline route could be 
utilised to drive against the friction head over the remaining pipeline length. 
Hence the net static head could be less than the gross static head.

The figures in the brackets in Table 11.4 show the alternative unit costs for 
pipelines 1 and 2 being supplied with water from the alternative Wye or 
Severn sources. The figures do not, however, include the cost of the 
regulation sources or treatment and distribution costs.
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TABLE 11.4 SUMMARY OF WATER GRID COSTING

PIPE
LINE
NO

GRID LINK TRANSFER TOTAL
PUMPED
HEAD

ENERGY
COST

AMORTISED
ENERGY
COST

PIPELINE
TUNNEL
CAPITAL
COSTS

PUMPING
STATIONS
INTAKE
CC

TOTAL
CAPITAL
COSTS

TOTAL
SCHEME
COST

UNIT
COSTS

TOTAL
DESTINATION
COSTS

ML/D m £M/A £M £M £M £M £M £M/ML/D EM/ML/D

1 Wye to Severn 250 incl in 
2

- - • - - - - - 0.00 (0.22)

1 Severn to Bristol 250 153 3.1 35.9 31.3 6.3 37.6 73.5 0.29 0.29 (0.51)

1 Bristol to Southampton 150 345 4.2 47.2 57.3 6.1 63.4 110.6 0.74 1.03 (1.25)

1 Southampton to Brighton 50 207 0.8 9.4 27.2 1.3 28.5 37.9 0.76 1.79 (2.01)

2 Wye to Severn 600 125 6.1 68.4 50.0 13.8 63.8 132.2 0.22 0.22

2 Severn to Reading 350 210 6.0 67.0 140.0 10.5 150.5 217.5 0.62 0.84

2 Reading to London ring 
main

200 0 0 0 21.4 0 21.4 21.4 0.11 0.95

2 London ring main to 
Canterbury

50 220 1.1 12.3 67.8 2.3 70.1 82.4 1.65 2.60

3 Severn to Milton Keynes 300 352 8.6 96.3 122.9 12.9 135.8 232.1 0.77 0.77

3 Milton Keynes to Lee 
Valley

250 102 2.1 23.3 52.6 4.0 56.6 79.9 0.32 1.09

4 Trent to Peterborough 200 140 2.3 25.5 38.5 5,2 43.7 69.2 0.35 0.35

4 Peterborough to Norwich too 201 2.3 25.6 38.1 4.1 42.2 67.8 0.68 1.02

4 , Norwich to Lowestoft 50 101 0.4 4.6 12.0 1.1 13.1 17.7 0.35 1.38

4 Peterborough to 
Colchester

100 395 3.2 36.0V 46.7 6.1 52.8 88.8 0.89 1.91

4 Colchester to Basildon 50 66 0.3 3.0 8.7 1.0 9.7 12.7 0.25 2.17

TOTAL SCHEME 1100 - 40.5 454.5 714.5 74.7 789.2 1243.7 1.13 •

( ) indicates pipeline 1 being supplied from the River Wye
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Figure 11.1

e ^  Canterbury

Key
------ Regulated river

(200) Estimated source 
development (Ml/d)

i2£L». Pipeline capacity (Ml/d) PIPELINE PROPOSALS FOR
A NATIONAL WATER GRID



REFERENCES

1. 'Water Resource Planning - Strategic Options’ Sir William Halcrow & 
Partners Ltd, 1991.

2. . ‘Demands and Resources of Water Undertakers in England and Wales -
Preliminary Report under Section 143(2)(a) Water Act 1989’. National Rivers 
Authority, 1991.

11-10



12 C O N S I D E R A T I O N  OF OPT ION S,  C O N CL U SI O NS  AND
RECOMMENDATIONS

12.1 General

In the following section the options have been judged on their 
appropriateness for inclusion within the national resources strategy. Each 
option has been considered, for:

• general advantages and disadvantages;
• engineering feasibility;
• strategic location and yield;
• environmental implications; and
• costs.

Option costs have generally been based upon either updated scheme costs 
or previous estimates. In cases where no information was available a 
component based estimate has been derived using updated costs formulae 
from TR61 - Cost Information for Water Supply and Sewage Disposal. 
Capital and annual operating costs are summarised in Table 12.1. Unit yield 
costs have been calculated based upon the capital costs, and thirty years 
amortised operating costs discounted at a rate of 8% per annum. The unit 
costs do not include for equipment replacement and assume the option 
yields to be annual averages.

The figures given in Table 12.1 cannot, and should not, be directly 
compared since they do not always relate to equivalent schemes. For 
example, the costs given for Craig Goch do not include for the cost of 
transferring the water from the regulated Severn or Wye to, say, the Thames 
region. Similarly, the costs for the Kielder-Anglian Transfer only include 
transfer as far as the River Witham. The costs involved in transferring water 
from the Witham to the demand centres in Anglian region have been 
examined separately by W S Atkins, albeit in relation to the Trent as the 
original source of the water. The costs for Vyrnwy redeployment do not 
include for development of alternative sources in the North West, nor do 
they include the costs of transferring the water from the regulated Severn 
to the marginal demand centres.

Costing of such items is beyond the scope of this study and indeed, most, 
such as the Severn to Thames and Severn to Trent transfers, are already 
being investigated in detail through the range of studies being carried out 
under the national strategy study.

12.2 Barrages

It is unlikely that the construction of a tidal barrage which fully encloses 
and floods an estuary would be environmentally acceptable, and where the 
tidal flow is large it may not be technically feasible.

The construction of smaller, bunded reservoirs, occupying only a part of an 
estuary, may possibly be achieved without significant environmental
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implications, depending upon the proposed size of the reservoir and 
sensitivity of the location. Due to the nature of the environment, the cost 
of reservoir construction could be higher in an estuary than inland. There 
would therefore be little advantage in an estuary reservoir, unless its scale 
precludes inland development.

The Wash reservoirs are estimated to have a yield of 450 Ml/d, sufficient to 
meet forecasts deficits in Anglian region up to 2021. However, their cost 
is likely to be greater than a River Trent transfer scheme, with or without 
bankside storage, or even a Kielder to Anglian transfer. The Morecambe Bay 
reservoirs are too remote to be an important strategic source.

A barrage on the River Dee would provide an alternative source in the North 
West to allow the redeployment of Vyrnwy. It would be unlikely however, 
that the development of a full barrage or pumped storage reservoir could 
be successfully promoted due to the environmental sensitivity of the area.

It is concluded that no further work into tidal barrages is warranted.

12.3 Groundwater Recharge

Successful groundwater recharge in resource development terms requires 
an aquifer unit with a synclinal structure, in which a storage deficit may be 
developed without significant adverse environmental impact. To be cost 
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. 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.

Estimates of cost suggest that artificial recharge could represent a relatively 
cheap resource option, which has limited environmental impact. It is 
therefore considered that some further study is needed to identify areas 
with geological conditions which are potentially favourable for groundwater 
recharge and with suitable recharge water available.

12.4 Effluent Reuse

The potential resource available from planned direct and indirect reuse 
schemes is considerable. Effluent reuse appears from the few studies 
carried out to be a relatively cheap option which can be developed without 
significant environmental impact. However, progress toward establishment 
of reuse as a standard source of potable water is likely to be cautious, 
because of public acceptability and heath and safety concerns.
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The resource advantages of indirect reuse as practised in the Thames 
Basin, for example, are well proven, and it is recommended that other 
similar opportunities should be actively sought, given increases in per 
capita consumption and effluent flows through sewage treatment works.

Thames Water Utilities and Essex Water Company have plans to extend 
reuse of effluent as a resource in their supply areas, by upgrading treatment 
works and constructing associated recirculation systems where appropriate, 
at Deephams, Mogden and Chelmsford. Successful promotion of these 
schemes and their acceptance by consumers are seen as critical tests 
before a more general widening of reuse practice can begin.

In the short to medium term, it is not foreseen that direct effluent reuse will 
achieve widespread acceptance with either the public, due to health 
considerations, or the water companies due to the liabilities of inadequate 
treatment. Given the choice, consumers are likely to prefer more 
conventional resource options over effluent reuse.

12.5 Desalination

In general, desalination is too expensive to be considered as an important 
water resource option in the UK. There are methods by which the cost of 
desalination can be reduced substantially - such as combined desalination 
and power generation facilities and treatment of saline groundwater. 
However, these opportunities are very localised and it is unlikely that they 
could be linked easily to a national strategy.

Some of the manufacturers’ claims for unit costs of water produced by 
desalination are comparable with more conventional sources. However, 
these costs should be treated with caution since they are calculated over 
the life of the plant (15-25 years) rather than, as is more usual, in 
perpetuity. Also, the manufacturers assume that plant would be operated 
as a base-load source; however, it is more likely that desalination, as an 
expensive source, would be operated only to meet peak demands.

It is recognised that in certain specific situations, such as to meet peak 
summer demands in tourist areas like the Channel islands, desalination can 
provide an appropriate resource. However, it is considered that desalination 
is not appropriate for inclusion within the national resources strategy and 
that no further work is warranted.

12.6 Undersea Pipelines

The cost per unit length of laying an undersea pipeline can be twice than 
of an equivalent land pipeline. However, an undersea pipeline between two 
points separated by a bay or estuary may be more cost effective because 
it is more direct and route negotiation and reinstatement are simpler. In 
addition, an undersea pipeline is likely to have lower pumping costs. 
Specific proposals for ‘short-cut’ pipelines could thus merit detailed 
comparison with land-based alternatives.
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Longer undersea pipelines have the disadvantage that they can serve only 
a limited number of demand centres, and have limited potential for 
integration with existing water distribution networks. For these reasons and 
because of the difficulty of pipeline maintenance, it is not envisaged that 
long, offshore undersea pipelines would be an alternative to land pipelines 
in a national grid system.

12.7 Tankers and Water Sacs

Tankers and water sacs are not considered to represent a realistic water 
resource option. Costs have been calculated for various tanker and water- 
sacs routes and sizes; they range from £3.96/m3 for a towed water-sac to 
£1.43/m3 for a transfer by super-tanker (40,000 DWT tanker from Hook of 
Holland to Felixstow). These costs are delivery costs to the port and 
exclude water distribution costs.

The cost of supplying a demand centre with 1 Ml/d for a thirty year period, 
excluding distribution costs, would be between:

£1.43 x 1000 m3 x 365 days x 11.26 = £5.88 M/MI/d
to £3.36 x 1000 m3 x 365 days x 11.26 = £13.81 M/MI/d

These costs show that tankers and water sacs would be too expensive to 
be used to meet either an annual or a seasonal public water supply demand 
although they could possibly be used for emergency supplies during severe 
droughts. It has recently been suggested that use of 50 Ml sacs currently 
being planned will achieve economics of scale to challenge these 
conclusions and the matter should be reviewed when operational data is 
available.

12.8 Craig Goch Enlargement

The present studies have confirmed that enlargement of Craig Goch 
reservoir could represent an economic and strategically important water 
resource development which could be undertaken without significant 
environmental impact.

The maximum investigated development at Craig Goch would provide 360 
Mm3 of net storage, almost twice the volume in Kielder reservoir, and would 
have a yield of 1455 Ml/d through regulation of the rivers Severn and Wye. 
Any development, though, is likely to be much smaller since present public 
water supply demands do not warrant this scale of development.

The unit costs of water from Craig Goch have been updated taking into 
account the availability of more advanced electrical and telemetry control 
systems and the need for environmental impact mitigation measures. The 
unit costs for various sized schemes range from £0.104 M /MI/d to E0.147 
M /M I/d; these are the lowest values for any of the options studied. These 
figures do not include the costs of transferring the water from the Wye or 
Severn to the marginal demand centres. Such additional costs would need
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to be calculated before the true cost of supplying Craig Goch water to, say, 
Thames region can be ascertained.

Craig Goch is one of several large potential resources which could be 
developed in conjunction with transfer schemes to meet public water supply 
deficits in the south and east of England. However, it would only be worth 
developing Craig Goch if the need for such an extension of resources could 
be demonstrated. It is recommended therefore, that the appropriateness 
of a Craig Goch development for inclusion in the national strategy should 
be considered further only when the extent and location of marginal 
demands have been identified.

12.9 Vyrnwy Redeployment

it was the aim of the studies in this report to identify the engineering 
practicability and environmental impacts associated with adapting Vyrnwy 
reservoir from direct supply to river regulation. The report does not include 
investigations into the costs of development of alternative sources for North 
West Water, the evaluation of the yield of the reservoir through regulation 
of the Severn, or the costs of transferring water from the Severn to the 
marginal demand centres. The costs of potential Severn to Trent and Severn 
to Thames transfers are currently the subject of detailed investigations 
being undertaken by others.

The surplus of water in the North West calculated in the 1991 WRP report 
now seems unlikely to materialise due to revised demand forecasts and 
reduced leakage targets. The redeployed Vyrnwy water would, therefore, 
need to be replaced by new resources and further redistribution of 
resources within the North West Region.

Three options for conversion of the reservoir to regulate the Severn have 
been identified:

• Option 1 - via the River Vyrnwy using the existing
compensation outlets;

• Option 2 - via the rivers Tanat and Vyrnwy using the
Aber tunnel and the compensation 
outlets;

• Option 3 - via the River Vyrnwy using a new multi
stage draw-off tower and tunnel.

Option 3 would be the most environmentally acceptable option, allowing 
water to be released from higher levels in the reservoir and therefore 
avoiding potential problems associated with the release of cold, 
deoxygenated bottom water, it would, however, involve decommissioning 
of the reservoir which has not been costed in this report.

Redeployment of Vyrnwy is already the subject of a number of studies. It 
is recommended therefore that the appropriateness of this option for the
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national strategy is reconsidered when the results of ail these relevant 
studies are available.

12.10 Kielder Transfer

Since production of the Halcrow ‘Water Resources Planning Report' in 1991 
for the NRA, Northumbrian Water and Northumbria NRA have evaluated the 
resources available for transfer in 2021 from the Kielder scheme via 
regulation of the River Tees to be 325 Ml/d. Kielder Water may be used to 
meet demand in the Yorkshire region with transfers from the River Tyne to 
the River Ouse via the Tees. Costings have shown that such a scheme may 
be economic. It is understood that Yorkshire Water pic is currently 
undertaking a feasibility study into a Kielder transfer to Yorkshire region.

Kielder could also represent an alternative source of water for transfer to 
the Anglian region if River Trent resources are not available or prove too 
expensive to develop.

An unsupported abstraction from the River Trent, pumped into the River 
Witham, would be more economic than a Kielder to Anglian transfer. 
However, if unsupported abstraction from the Trent is unsustainable and 
bankside storage would be required, a Kielder transfer could become a 
viable alternative. Binnie and Partners are currently investigating the 
residual flow requirements and developing control rules for the River Trent. 
It is recommended therefore that any further work on a Kielder to Anglian 
transfer should await the results of the Binnie report which is due shortly.

12.11 National Water Grid

The national water grid proposals in this report are based upon meeting the 
Water Resources Planning Report (WRP) forecast annual average 2021 
deficits in the Thames, Wessex, Anglian and Southern NRA regions. The 
proposals in this report, however, differ from the WRP proposals in that:

* the remote water sources in Northumbria and North West NRA 
regions have been excluded;

•  regulation o f the rivers Severn and Wye has been used initially 
to transport water southwards;

•  secondary connecting pipelines have been omitted.

Using the same costing method, the cost of the new grid has been 
calculated to be £1.13 M/Ml/d. These costs suggest that limited 
development of a national grid could, especially when environmental and 
operational considerations are taken into account, be a credible alternative 
to a river transfer system.

The above costs assume that the grid would need to meet the full deficit 
each year; however, this will not be the case, since the deficits are 
calculated upon estimates of the drought reliable yield of resources during
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a 1 in 50 year event. In most years the capacity of the grid will only be 
partially utilised and in some years no supplies may be required from the 
grid. Given the above, the operating costs of pumping are likely to have 
been overestimated.

It is recommended that further studies into a national water grid be carried 
out to refine the route of the pipelines, matching them with the marginal 
demand centres which will be identified shortly, and to estimate the grid’s 
operating costs more accurately. This work should be carried forward in 
conjunction with the RESPLAN modelling studies.
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Table 12.1 SUMMARY OF OPTION COSTS

I OPTION SCHEMES YIELDS Ml/D CAPITAL
COSTS

£M

ANNUAL
OPERATING

COSTS
£M

UNIT COSTS 

£M/MI/D

COMMENTS

Barrages Wash reservoirs 450 636 1.64 1.45 Cost estimates include engineering and operating 
costs. An additional 1.3 risk factor has been

Morecambe Bay - full barrage 2050 702 7.4 0.38 applied to account for the age and uncertainty of 
the original estimates. Water treatment and

- reservoirs 2050 711 7.4 0.39 distribution costs are excluded.

Artificial Recharge * Lee Valley 100% recovery 233 26.5 4.2 0.31 Cost estimates include treatment of recharge 
water, transmission of recharge water to the 
recharge site and recharge and supply wells. An

’ Lee Valley 70% recovery 133 18.8 3.6 0.45 additional 1.3 risk factor has been applied to 
account for the age and uncertainty of the original 
estimates. Distribution costs are excluded

[ Effluent Reuse Mogden 68 39 0.6 0.67 Cost estimates include capital and operating costs 
for effluent treatment and transfer works. A 25%

Deephams 38 13 0.4 0.46 contingency is applied. Estimates exclude water 
supply treatment and distribution costs.

1 Desalination Seawater distillation with energy 
recovery

- - * f 1.7 to 2.0 Production costs taken from various 
manufacturers and independent consultant 
estimates. In general, the estimates do not include

Seawater RO |2.9 to 3.3 distribution costs, are based on all year round 
production and are taken over the life of the plant,

Brackish Water RO - * - 11.6 to 1.85 15-25 years.

I Tankers and Water 
| Sacs

Tankers, various routes - - - 13.81 to 5.88 Cost estimates include vessel charter, water sac 
purchase, fuel consumption, port charges and 
water costs (treated water 30p/m3). Estimates

Water sacs - - - 16.28 exclude the capital costs of the loading/unloading
facilities and distribution costs.

NB With the exception of tankers and watersacs and desalination, costs exclude final treatment. Ail costs exclude distribution. Continued overleaf
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Table 12.1 SUMMARY OF OPTION COSTS (Continued)

OPTION SCHEMES YIELDS Ml/D CAPITAL
COSTS

£M

ANNUAL
OPERATING

COSTS
£M

UNIT COSTS 

£M/MI/D

COMMENTS

Craig Goch 
Enlargement

366 TWL Dam (Severn Reg’n Only) 775 104.8 0.80 0.147 Cost estimates include construction and operating 
costs for the dam and transfer works to regulate 
either the Wye or Severn. Estimates exclude the

366 TWL Dam (Wye Reg’n Only) 775 71.8 0.80 0.104 costs of transferring the water from the Wye or 
Severn to the marginal demand centres. Water

373 TWL Dam 

385 TWL Dam

1030

1455

127.2

162.4

0.86

3.24

0.133

0.137

treatment and distribution costs are also 
excluded.

Vyrnwy Redeployment Option 1 +300 0.0 0.8 0.03 Cost estimates exclude the cost of developing 
alternative resources in the North West and the

Option 2 +300 4.3 0.8 0.04 cost of transferring the water from the Severn to 
the marginal demand centres. Treatment costs,

Option 3 +300 5.9 0.8 0.05 distribution costs, and, for Option 3, the costs of 
decommissioning the reservoir are also excluded.

Kielder Transfer To River Ouse 325 28.2 0.76 0.113 Cost estimates exclude the cost of licences and 
contribution to the existing Kielder infrastructure 
woiks. Also excluded are the costs of transferring

To River Witham 325 99.3 2.35 0.387 the water from the Ouse to Yorkshire region 
demand centres or the Witham to Anglian region 
demand centres.

National Water Grid 1100 767.8 V 38.5 1.13 Cost estimates exclude the cost of the river 
regulation sources and treatment and distribution 
costs.

Lee Valley scheme as described by WRB. 
t  Costs given in Section 5 have been converted from £/m 3 to £M/MI/d by dividing by 0.243 x 10’6, this assumes the plant has a life of 30 years. 
+ Assumed yields, see Section 9.

NB With the exception of tankers and watersacs and desalination, costs exclude final treatment. AM costs exclude distribution.
k
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