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1.1

1.2

1.3

14

1.5

1.6

INSTRUCTIONS TO TENDERERS

THE TENDER DOCUMENTS AND ACKNOWLEDGEMENT OF RECEIPT

Companies invited to Tender shall have received two sets of documents listed in the
covering letter. Following receipt of the Tender documents the Tenderer shall
promptly acknowledge receipt of the documents in writing indicating whether or not
it is intended to submit a Tender.

AMENDMENTS

Prior to the final date for submission of tenders the Authority may issue amendments
to clarify, modify or add to the Tender documents. A copy of each amendment will
be issued to each Tenderer and shall become part of the Tender documents; receipt
thereof shall be acknowledge in writing by return.

PREPARATION OF TENDER

The Tenderer shall be responsible for obtaining all information necessary to submit
a Tender. A request for clarification relating to information contained within the
tender documents should be made to the Purchasing Officer, in writing, not less than
four working days before the closing date for receipt of Tenders. If any doubt should
remain, the Tenderer shall when tendering, set forth the same in a separate Schedule
marked "*Additional Information”.

SUGGESTIONS FOR MODIFICATION TO TERMS OF REFERENCE

If the Tenderer considers that he can offer any advantage by any modification to the
Terms of Reference such suggested modifications should be detailed in a separate
schedule. However, such an offer will only be considered if it accompanies a bona
fide tender which accords with condition 1.6 below and itself constitutes a fully
priced alternative tender.

RESERVATIONS OR QUALIFICATIONS

Any Tender which incorporates reservations or qualifications may be regarded as
invalid unless it is considered by the Authority that the reservations or qualifications
are warranted by special circumstances.

SUBMISSION OF TENDER

The Tender must be submitted on the documents provided which must not be
detached from the associated documents. The Authority will not take into
consideration any Tender, unless the Tender has been legibly and fully completed in
ink. Except for completing the spaces specifically provided in the tender documents
the. tenderer shall not deface nor make any alteration in the documents annexed
hereto.



1.7

1.8

1.9

COSTS OF TENDERS

The Authority will not be responsible for or pay for any expenses or costs incurred
in the preparation of or submission of the tender.

CLOSING DATE FOR RECEIPT OF TENDERS

One copy of the Tender documents with the Form of Tender duly completed must be
enclosed and sealed in an envelope which must cany the pre-addressed tender label
provided. No other means of identification is permissable. It must be delivered to
the offices of the Authority not later than midday on 10 March 1993 at Riven
House, Waterside Drive, Aztec West, Almondsbury, Bristol BS12 4UD.

ACCEPTANCE OF TENDERS

Tenders should be valid for at least 30 days from the latest date for receipt The
period of Tender validity should be explicitly stated and an indication given of any
likely changes to Tender conditions after expiry of this period.

The Authority does not bind itself to accept the lowest or any Tender and reserves
the right to accept all or part of a Tender. It shall be a condition of any Contract
arising as a result of any Tender that the Authority is not bound to purchase all or
any of the services from the successful Tenderer and shall have the right in its
absolute discretion to purchase all or any of the services from another source.

MWR/rd/instea



NATIONAL RIVERS AUTHORITY
ENVIRONMENTAL ASSESSMENT CONSULTANCY

TERMS OF REFERENCE

INTRODUCTION

The National Rivers Authority (NRA) is committed to publishing a water resources
strategy for England and Wales to meet demands up to the year 2021. This 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 underway which address a variety of resource
development and water transfer schemes, in terms of practicability, cost and
environmental impact (see Table 1). These studies are being undertaken by several
different agents, and are all due to be completed by about May 1993. Their findings
will then need to be drawn together on a common footing, as input to the
development of an integrated national water resources strategy. This will be done by
the Project Management Team of NRA Headquarters staff assisted by Sir William
Halcrow and Partners (Halcrow), with input from others on discrete tasks where

appropriate.

One such discrete task is the development of a framework that will enable objective
comparison of positive and negative environmental impacts of potential strategic water
resource schemes.

A consultancy contract is now sought that will:

. set in context the likely impacts of the various options, through
consideration of operations experience of existing schemes with similar
components, published literature and relevant research;

. review scheme-specific environmental studies now in hand by others,
as the relevant documents become available (see Table 1);

. make use of "‘without scheme* and *‘with scheme™ river flow data (to
be prepared by Halcrow), and related water quality and biotic
information in order to assess aquatic impacts of potential schemes;

. develop a framework for comparison of environmental impacts of
potential resource schemes.



2.1

The work will be carried forward as a desk study, although some site reconnaissance
may be permitted, subject to:

. visit-specific consent from the Project Management Team;
. constraints of public access;
. rigorous observance of the need for discretion and for scheme

proposals to be kept confidential.

Consultation is not required with parties other than national and regions office of the
NRA or, through the NRA, with consultants actively engaged on studies listed in
Table 1. NRA functions which would need to be consulted include fisheries,
recreation, conservation, navigation and water quality.

SCOPE OF WORK

General

This study is essentially a strategic review of all relevant environmental data on
resource development schemes generally and on the options shown in Table 1
particularly. Principal tasks are to:

(i) investigate impacts of existing schemes with similar components, including
inter-catchment transfers and significant river regulation schemes;

(i) review published literature on the design, operation and associated
environmental impacts of such schemes, and other relevant information
including past and present work on residual flows to estuaries;

(i) review the implications of proposed EC Regulation on environmental
assessment for strategic planning, and of the DoE publication *Policy
Appraisal and the Environment™ (HMSO, 1991);

(iv)  collate the environmental assessments carried out by others for the options
listed in Table 1 identify any deficiencies in them, and make outline
recommendations regarding the work needed to rectify such deficiencies;

v) assimilate results of hydrological modelling carried out in relation to specific
schemes, taking particular note of frequency of operation;

(vi)  develop and apply a framework for objective comparison of the environmental
implications of each option;

(vii)  prepare progress, interim and final reports on the above work, and maintain
general liaison with the Project Management Team.



2.2

2.3

By reference to any published data that exist, and to reports and other information
thafTaaky (ifrarai tMiMvti&ioighedtanissjoaiu&gebp ihBfefleariantiy)ofl inpdta™iyvaters.
regin~U&stt? th&injrtfaKigaiumJriMBtoa™ thE sityMhffifaesctiiriik&aafiSBSSMiflarly
ternvratts whilst outputs from current work by others are awaited. The work should
reflect international as well as national experience and research.
. impacts foreseen prior to construction, and the design and operations
Task (iv) *hprtMmiHinigp m thpents become available, and shall take
the results of Tasks (i) and (ii) into account.
. impacts experienced during the operational phase, the extent to which
Task (V) tefflctislefej~MftFavifig ™ ~ ehessofifflgeatic
and tenraiTiigfeigmjfartmtrigfirinffiriipm ow regime changes implicit in the
hydrographs.
. changes to scheme operating rules since original commissioning, the
Task (vi) wijoanlbiasadin”bal”sfi”*coid thciitedyirfanmsait jgoplftaitingalteniative
resource development strategies appropriate to the future water needs of England and
OpSKafisg; rule changes are likely to include measures motivated by environmental as
well as by economic considerations. The effectiveness of the former in achieving
thefotfactrafrfcEjgafiag Shtarirtte assessed in such cases.

ThgteteBwpmstitig"eaiaBndi“giaMffiriiBdy Tkaoluflgffittategssmeattinfcoptoifl BiHtient
expaptim«aag:ttiesftit@WBIgIBTin«r to river water transfer projects, river regulation and
groundwater augmentation can be greatly assisted through utilising information
relating to existing schemes with similar elements.
. effects on fisheries and fish migration;
At pfesent thpeficaspafimaranjbfffiyrvta itoo”cafi“*mggt transfer schemes in operation
in the UK, damatyrmodulation of operating rules;
. creation of artificial freshets;
(i) < Ely GtauferBssaie&Mtehinents of fish diseases and parasites;
(i) » Exefirffefcr between catchments of other biota including algae,
(i)  Lundnv&fapteates and fish;
(iv) « Tremf™tbanwattochetestry and water quality;
(v) « TynaeditteatatflEnss.
. flooding;
There are atoaatumfrerarfgaliiay arateaaiieasQsse schemes in UK which are likely to
have some of the same implications for the environment as the options shown in
Table 1. Reservoirs such as Roadford and Wimbleball in the South West, Clywedog
Utm-aWafe&Bfiife&ielder in Northumbria are all used to regulate downstream river
abstractions. Existing groundwater augmentation schemes include the Shropshire
ThtitittoritoateireStiwnis mt&tafttolVriiteiN&Amngfbasapdsditteltttt trinzgshbntrfion
kndtelsige updtoudi”tiHgsoalegic environmental study is based. The review should
embrace published research results and reports on the following and any other
relevant areas of enquiry:
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Tasks (i) and (ii) above can be carried out largely independently of inputs by others.
These tasks will form the groundwork of the study, to be carried out in the early
weeks whilst outputs from current work by others are awaited. The work should
reflect international as well as national experience and research.

Task (iv) shall be undertaken as the scheme reports become available, and shall take
the results of Tasks (i) and (ii) into account.

Task (v) shall build upon earlier work, to develop objective assessments of aquatic
and terrestrial impacts associated with the flow regime changes implicit in the
hydrographs.

Task (vi) will provide a main output from the study, for use in comparing alternative
resource development strategies appropriate to the future water needs of England and
Wales.

Impacts of Existing Schemes

The development of an environmental assessment for strategic resource development
options such as large scale river to river water transfer projects, river regulation and
groundwater augmentation can be greatly assisted through utilising information
relating to existing schemes with similar elements.

At present there are five major river to river catchment transfer schemes in operation
in the UK, namely:

(i) Ely Ouse - Essex Rivers
(i) Exe - Taw

(ii)  Lune - Wyre

(iv)  Trent - Witham - Ancholme
(V) Tyne - Wear - Tees.

There are also a number of other water resource schemes in UK which are likely to
have some of the same implications for the environment as the options shown in
Table 1. Reservoirs such as Roadford and Wimbleball in the South West, Gywedog
in Wales and Kielder in Northumbria are all used to regulate downstream river
abstractions. Existing groundwater augmentation schemes include the Shropshire
Groundwater Scheme in Severn Trent NRA region and the Test Augmentation
Scheme in Southern region.



. extent to which schemes with components similar to options listed in
Table 1are

planned
practised

in UK, Europe and worldwide;
* design and operation of such schemes;

. operational experience of such schemes, with particular reference to
environmental impact;

* details of any relevant research;

. extent, design and operation, and environment-related experience from
similar schemes in the UK;

* studies of flow and quality related issues which could be relevant,
including for example ecologically acceptable low flows and migratory
fish movements.

The literature review shall include consideration of relevant documents on, for
example, major catchment transfer and river regulation schemes that have been
investigated in the past, but not yet implemented.

Where research or field studies into impacts of similar schemes have been carried out,
details of procedures followed, key findings and conclusions shall be ascertained.

Studies of migratory fish movements and/or fisheries management have been carried
out on a number of rivers, including several in North West Region, the Welsh Dee,
Towy, Taw/Torridge, Fowey, Tamar/Tavy, Exe, Hampshire Avon, Test, Itchen and
Thames. This and other similar work should be reviewed as appropriate.

Particular attention should be focused on research/study findings in relation to issues
highlighted at the end of Section 2.2 above.

The literature review shall also include task (iii) identified in Section 2.1.
Implications of the proposed EC legislation on strategic planning EA and DoE
guidelines shall be noted in the Interim Report and, where appropriate, shall be taken
into account in the remaining activities of the study described below.
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2.5

Collation of Environmental Assessments

Environmental Assessments now in preparation for potential resource options shall
be collated in order to:

. summarise them bn a consistent basis;
. provide scheme-specific input to the strategic environmental review.

The level of investigation, current status and timing of outputs from the various
option studies are shown in Table 1.

All reports pertaining to the investigations will be provided as they become available.
The investigations are to be based on existing data.

In each case, environmental assessment work contained in the various reports shall
be reviewed to ascertain:

. whether all areas of potential impact have been identified;

. the rigour with which assessments have been made for each identified
area of impact;

. areas of deficiency or weakness in the assessments.

Where areas of deficiency are noted, recommendations shall be put forward as to how
they may be overcome.

Assimilation of Hydrological Modelling Results

Within the overall National Resources Strategy, hydrological data relating to the
preferred options will be generated. This phase of work is due to be undertaken
during April, May and June 1993. Based upon the hydrological data available, an
assessment is to be made of the impacts of the various options on the whole riverine
environment. The key issues to be addressed here are:

. " flow regime;

. channel morphology;

. water quality;

. aquatic and river corridor ecology;
. conservation;

. fisheries;

. navigation and recreation;

. agriculture and land drainage.



The assessment shall build upon any relevant work contained in the environmental
studies now In hand as part of the investigations of the four schemes referred to in
Section 2.1.

The appropriateness of alternative operating regimes (including, for example, spate
sparing and diurnal flow variation) for impact mitigation for a range of resource
management situations shall also be addressed.

The assimilation shall be conducted at a strategic level using evidence from the
literature survey, study reports and hydrological modelling output.

Strategic Framework

In order to aid both the strategic assessments of resources development options, and
to indicate issues requiring further investigation, a framework for comparing the
various options and the level of environmental assessments undertaken shall be
formulated. In developing the framework, consideration shall be given to both the
construction and operational phases of schemes and all their various components.
Environmental impacts associated with at least the following areas of interest shall be
addressed:

. flow and level;

. water quality;

. channel morphology;

. ecology;

. conservation;

. fisheries and angling;

. navigation;

. recreation;

. agriculture/land use;

. landscape/visual impact;
. archaeology and heritage;
. Nnoise;

. dust;

. traffic.

The framework shall identify where appropriate, operational measures that can be
deployed to midgate adverse environmental impacts. It should also identify not only
adverse impacts but also positive benefits. Consideration shall be given to applying
a subjective scoring or weighting system to aid comparison of alternatives. In
addition an indication of the degree of uncertainty of the environmental impact should
be provided.

Design of the framework is a key function of the study, and some Client consultation
in initial drafts will be necessary. C - -
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Reporting

The following reports will be required in the course of the study:

progress reports;
interim report;

final report.

Progress reports shall be submitted monthly. They shall comprise a two page
summary of progress over the period, work planned for the following period and
achievement against programme and budget.

The interim report shall be submitted in mid July 1993. It will include:

summary review of existing schemes identified, and associated impacts;
literature review findings;

a summary review of the environmental assessments for the proposed

. schemes insofar as these are available;

an overview of the methodology proposed for preparing the framework
for the strategic environmental assessment;

details of any difficulties encountered on the study so far.

The final report must be submitted in draft form initially, and shall occupy one or
more volumes as appropriate. A draft contents list shall be submitted one month
before the draft report is due, to indicate its proposed structure and to allow
modifications to be made if appropriate.

The final report shall include at least the following:

overview of work carried out and approach adopted;
assessment of impacts of existing schemes;
literature review findings;

identification of key issues;

review of schemes proposed;

a detailed framework for comparing options;

assessment of schemes based upon the hydrological modelling results;
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. requirements for further environmental assessment work.

20 copies of all progress reports, interim report and draft report and 20 copies of all
final reports will be required, plus an additional unbound copy of the final report

Programme

The successful tenderer will prepare a programme for the study in consultation with
the NRA. Key dates already identified are as follows:

. commencement: 8 April 1993;

. interim report: 16 July 1993;

. draft final report: 24 September 1993;
. amended final report: 29 October 1993.

In addition, a presentation to NRA consultees will be required, after production of the
Draft Final Report, at the end of September 1993.

STAFFING REQUIREMENTS
The project team shall include as a minimum the following specialists, together with

executive direction and technical support as appropriate to fulfil the Terms of
Reference within the specified timescale:

POST MINIMUM PREFERRED MINIMUM INPUT
EXPERIENCE (man-days)
Project Manager 15 years involvement in project 55

management/coordination, particularly
of environmental assessments and
water resource development studies.

Water Quality 15 years involvement in water quality 25
Scientist determination and management and the

assessment of the water quality

implications of resource development

schemes.

Fisheries Scientist 15 years experience in fisheries 25
ecology and study of the impact of
water resource developments on
fisheries.



POST

Aquatic Ecologist

Hydroiogist

Geomorphologist

Recreation Specialist

Other Specialists

MINIMUM PREFERRED MINIMUM INPUT

EXPERIENCE

10 years experience in aquatic ecology
and the ecological assessment of changes
in flow regime on the aquatic environment.

10 yean experience in the hydrological
assessment of development projects,
specifically water resources schemes.

10 yean experience in assessing the
impact of changes in river flow regimes
on river morphology/sedimentation etc.

10 yean involvement in assessing the
recreational impacts of development
projects, specifically in relation to
river, and river corridor recreational
activities.

10 yean experience. As deemed
appropriate by tenderers.

10

(man-days)

15

.15

10

10

20



4. TENDERING INSTRUCTIONS AND CONTRACT DETAILS

4.1  Tenderers must complete the following Pricing Schedule - exclusive of V.A.T.:

Rate per Day No. days Sub-total Total

) )

Project Manager 55 -

Water Quality Scientist 25 -

Fisheries Scientist 25 -

Aquatic Ecologist 15 -

Hydroiogist 15 -

Geomorphologist 10

Recreation Specialist 10 -

Other Specialists -

Tenderers to specify:

Total Fees

Travel & Subsistence - -

Printing & Documents -

Wordprocessing e

Other (as specified)

Total Tendered Sum £

4.2  Rates for additional work, if any, will be by negotiation with the consultant
appointed.

4.3  The successful tenderer may re-allocate human and financial resources within the
overall tendered sum by agreement with the National Rivers Authority.



4.4

4.5

4.6

4.7

4.8

The Tender must also be accompanied by the following information:
Q) a summary of the consultant’s understanding of the brief and skills required;
(i) staffing proposals with C.V.’s of key staff;

(i) an indication of how the consultant would manage the various elements of the
work together with key accountabilities;

(iv)  assumptions used in arriving at the tender price for travel and subsistence;

It should be assumed that reports will be required to a standard achievable from
standard wordprocessors in black and white.

Following the selection of the successful consultant, the NRA may wish to amend the
Terms of Reference in the light of new information and then negotiate a contract with
the successful consultants.

Instructions to tenderers are attached.

The study shall be carried out in accordance with the NRA’s standard General
Conditions of Contract for the Supply of Goods/Services, copy attached.



OPTION ’

a) Migor Transfer Options

Trent to Anglian

Severn to Thames
Severn to Trent

BWB Canal Transfer
Other Options
Vale of York Groundwater

Birmingham Rising Groundwater
Vymwy Redeployment
Kielder

Craig Goch ’
1

Barrages (Wash/Dee)

National Water Glrid
Effluent Reuse :
Avrtificial Recharge
Tankers/Water Sacs

Undersea Pipelines

Desalination

REGIONAL
RESPONSIBILITY

Anglian

Thames

Severn Trent

Head Office

Y orkshire

Severn Trent

Severn Trent /
North West

Head Office /
Northumbria

Head Office / Welsh

Head Office
Head Office

Head Office
Head Office
Head Office
Head Office

Head Office

Table 1
OPTION STUDIES

STUDY
RESPONSIBILITY

LEVEL OF
INVESTIGATION

Atkins

Atkins Engineering/
environmental feasibility

Atkins studies

BWB/Binnie

Halcrow Environmental statement

TBA

ST/NW/Binnie

Halcrow

Halcrow

Halcrow Outline assessment only

of engineering and
environmental
implications

Halcrow
Halcrow
Halcrow
Halcrow
Halcrow

Halcrow

CURRENT STATUS

Complete

Commenced Oct 92

Commenced Dec 92

Commenced Nov 92

Commenced Dec 92

Due to commence
April 93

Commenced Nov 92

REPORTS

Final report available

Interim early Jan 93
Final mid April 93

Draft Final early April 93
Final early May 93

Final mid May 93

Final mid February 93

FSnal end May 93

Papers consistent with level
of investigation will be

available for all this group of
studies by April 1993



CONDITIONS OF CONTRACT FOR THE

PROVISION OF CONSULTANCY SERVICES N R A

These Conditions may only be varied with the written agreement of the Client. No terms
or conditions put forward at any time by the Consultant shall form any part of the Contract.

1. Definitions

In these conditions:

2. The Project

‘Client* means the National Rivers Authority;

‘Consultant* means the person, firm or company to whom the Contract
is issued;

‘Project* means the services to be provided as specified in the Tender;

‘Premises’ means the location where the Project is to be performed,
as specified in the Tender;

‘Contract* means the contract between the Client and the Consultant
consisting of the Purchase Order, these Conditions and any other
documents (or parts thereof) specified in the Purchase Order;

‘Purchase Order* means the document setting out the Client’s
requirements for the Contract.

2.1 The Consultant shall complete the Project with reasonable skill, care and
diligence in accordance with the Contract.

2.2 The Co
Project
require.

NATIONAL rjvers AUTHORITY

nsultant shall provide the Client with such reports of his work on the
at such intervals and in such form as the Client may from time to time
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2.3 The Client reserves the right by notice to the Consultant to modify his
requirements in relation to the Project and any alteration to the Contract fee
or the completion date arising by reason of such modification shall be agreed
between the parties. Failing agreement the matter shall be determined by
arbitration in accordance with the provisions of Condition 15.

Fees and Expenses

3.1 The Client shall pay to the Consultant fees at the rate specified in the Purchase
Order.

3.2 The Consultant shall be entitled to be reimbursed by the Client the amount of
all expenses reasonably and properly incurred by him in the performance of
his duties hereunder subject to production of such evidence thereof as the
Client may reasonably require.

3.3 Unless otherwise stated in the Contract, payment will be made within 30 days
of receipt and agreement of invoices, submitted monthly in arrears, for work
completed to the satisfaction of the Client.

3.4 Value Added Tax, where applicable, shall be shown separately on all invoices
as a strictly net extra charge.

Audit

The Consultant shall keep and maintain, until two years after the Contract has been
completed, records to the satisfaction of the Client of all expenditures which are
reimburseable by the Client and of the hours worked and costs incurred by the
Consultant or any employees of the Consultant. The Consultant shall on request
afford the Client or his representatives such access to those records as may be
required by the Client in connection with the Contract.

Corrupt Gifts or Payments

The Consultant shall not offer or give, or agree, to give, to any member, employee
or representative of the Client any gift or consideration of any kind as an inducement
or reward for doing or refraining from doing, or for having done or refrained from
having done, any act in relation to the obtaining or execution of this or any other
contract with the Client or for showing or refraining from showing favour or
disfavour to any person in relation to this or any such contract. The attention of the

Consultant is drawn to the criminal offences created by the Prevention of Corruption
Acts 1889 to 1916.

NATIONAL RIVERS AUTHORITY 1
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6.

Copyright

6.1

6.2

All reports and other documents and materials and the copyright or similar
protection therein arising out of the performance by the Consultant of his
duties hereunder are hereby assigned to and shall vest in the Crown
absolutely.

The provisions of this Condition 7 shall apply during the continuance of this
Contract and after its termination howsoever arising.

Indemnities and Insurance

7.1

7.2

7.3

7.4

The Consultant shall indemnify and keep indemnified the Client, the Crown,
its servants and agents against all actions, claims, demands, costs and
expenses incurred by or made against the Client or the Crown, its servants or
agents in respect of any loss or damage or personal injury (including death)
which arises from any advice given or anything done or omitted to be done
under this Contract to the extent that such loss, damage or injury is caused by
the negligence or other wrongful act of the Consultant, his servants or agents.

The Consultant (if an individual) represents that he is regarded by both the
Inland Revenue and the Department of Social Security as self-employed and
accordingly shall indemnify the Client against any tax, national insurance
contributions or similar impost for which the Client may be liable in respect
of the Consultant by reason of this Contract.

The Consultant shall effect with an insurance' company or companies
acceptable to the Client a policy or policies of insurance covering all the
matters which are the subject of the indemnities and undertakings on the part
of the Consultant contained in this Contract in the sum of £500,000 at least
in respect of any one incident and unlimited in total, unless otherwise agreed
by the Client in writing.

If requested, a certificate evidencing the existence of such policies shall be
provided by the Consultant to the Client.

Racial Discrimination

The Consultant shall not unlawful discriminate within the meaning and scope of the
provisions of the Race Relations Act 1976 or any statutory modification or re-
enactment thereof relating to discrimination in employment. The Consultant shall
take all reasonable steps to ensure the observance of these provisions by all servants,
employees or agents of the Consultant and all sub-contractors employed in the
execution of the Contract.

NATIONAL rivers authority 3
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9. Official Secrets Acts and Confidentiality

9.1 The Consultant undertakes to abide and procure that his employees abide by
the provisions of the Official Secrets Acts 1911 to 19809.

9.2 The Consultant shall keep secret and not disclose and shall procure that his
employees keep secret and do not disclose any information of a confidential
nature obtained by him by reason of this Contract except information which
is in the public domain otherwise than by reason of a breach of this provision.

9.3 The provisions of this Condition 9 shall apply during the continuance of this
Contract and after its termination howsoever arising.

10. Termination

10.1 The Consultant shall notify the Client in writing immediately upon the
occurrence of any of the following events:

(a) where the Consultant is an individual and if a petition is presented for
the Consultant's bankruptcy or a criminal bankruptcy order is made
against the Consultant, or he makes any composition or arrangement

r with or for the benefit of creditors, or makes any conveyance or
- assignment for the benefit of creditors, or if an administrator is
- appointed to manage his affairs; or

(b) where the Consultant is not an individual but is a firm; or a number
of persons acting together in any capacity, if any event in (a) or (c) of
this Condition occurs in respect of any partner in the firm or any of
those persons or a petition is presented for the Consultant to be wound
up as an unregistered company; or

(c) where the Consultant is a company, if the company passes a resolution
for winding-up or the court makes an administration order or a
winding-up order, or the company makes a composition or
arrangement with its creditors, or an administrative receiver, receiver
or manager is appointed by a creditor or by the court, or possession
is taken of any of its property under the terms of a floating charge.

NATIONAL RIVERS AUTHORITY 4
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11.

12.

10.2

10.3

10.4

On the occurrence of any of the events described in paragraph 10. 1t or if the
Consultant shall have committed a material breach of this Contract and (if
such breach is capable of remedy) shall have failed to remedy such breach
within thirty days of being required by the Client in writing to do so, or,
where the Consultant is an individual, if he shall die or.be adjudged incapable
of managing his affairs within the meaning of Part VII of the Mental Health
Act 1983 the Client shall be entitled to terminate this Contract by notice to the
Consultant with immediate effect.

In addition to his rights of termination under paragraph 10.2, the Client shall
be entitled to terminate this Contract by giving to the Consultant not less than
thirty days’ notice to that effect.

Termination under paragraphs 10.2 or 10.3 shall not prejudice or affect any
right of action or remedy which shall have accrued or shall thereupon accrue
to the Client and shall not affect the continued operation of Conditions 6 and
9.

Recovery and Sums Due

Wherever under this Contract any sum of money is recoverable from or payable by
the Consultant, that sum may be deducted from any sum then due, or which at any
later time may become due, to the Consultant under this Contract or under any other
agreement or contract with the Client or with any department, agency or authority of
the Crown.

Assignment and Sub-Contracting

12.1 The Consultant shall not assign or sub-contract any portion of the Contract

12.2

without the prior written consent of the Client. Sub-contracting any part of
the Contract shall not relieve the Consultant of any obligation or duty

attributable to him under the Contract of these conditions.

Where the Client has consented to the placing of sub-contracts, copies of each
sub-contract shall be sent by the Consultant to the Client immediately it is
issued.

NATIONAL RIVERS AUTHORITY S
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13.

14.

15.

16.

17.
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Notices

*Any notice given under or by post or by registered post or by the recorded delivery
service or transmitted by telex, teiemessage, facsimile transmission or other means
of telecommunication resulting in the receipt of a written communication in permanent
form and if so sent or transmitted to the address to the address of the party shown on
the Purchase Order, or to such other address as the party may by notice to the other
have substituted therefore, shall be deemed effectively given on the day when in the
ordinary course of the means of transmission it would first be received by the
addressee in normal business hours.

Status of Contract

Nothing in the Contract shall have the effect of making the Consultant the servant of
the Client or the Crown.

Arbitration

All disputes, differences or questions between the parties to the Contract with respect
to any matter or thing arising out of or relating to the Contract, other than a matter
or thing as to which the decision of the Client is under the Contract to be final and
conclusive, and except to the extent to which special provision for arbitration is made
elsewhere in the Contract shall be referred to the arbitration of two persons one to be
appointed by the Client and one by the Consultant or their Umpire, in accordance

with the provisions of the Arbitration Act 1950 or any statutory modification or re-
enactment thereof.

Headings

The headings to Conditions shall not affect their interpretation.

Governing Law

These Conditions shall be governed by and construed in accordance with English law
and the Consultant hereby irrevocably submits to the jurisdiction of the English
courts. The submission to such jurisdiction shall not (and shall not be construed so
as to) limit the right of the Client to take proceedings against the Consultant in any
other court of competent jurisdiction, nor shall the taking of proceedings in any one
or more jurisdictions preclude the taking of proceedings in any other jurisdiction,
whether concurrently or not.

DAIARP

NATIONAL RIVQKS AUTHORITY 6



NATIONAL RIVERS AUTHORITY

FORM OF TENDER

TO: Purchasing Officer
National Rivers Authority
Rivers House
Waterside Drive
Aztec West
Almondsbury
Bristol BS12 4UD

Having examined the Conditions of Contract and the Specification/Terms of Reference, we
undertake to carry out and complete the Works in accordance with the said Conditions of
Contract and Specification/Terms of Reference at the rates detailed in the enclosed tender.

Unless and until a formal agreement is prepared and executed, this tender, together with your
written acceptance thereof, shall constitute a binding Contract between us.

We understand that the Authority is not bound to accept the lowest or any tender that may
be received.

We certify that this is a bona fide tender, that we have not communicated to any person other
than the Authority the amount or approximate amount of the tender price and that such price
has not been fixed or adjusted by arrangement or in collusion with any third party. We also
undertake that we will not make any such communication or enter into any collusive
arrangement with any third party whether in relation to this tender or a tender submitted or
to be submitted by such third party.

This tender is open for acceptance for a period of ..................... from the date fixed for
opening (minimum 30 days).

For and on behalf Fax No.
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International Perspective

Abriefreview has been made of worldwide experience of water transfer
schemes and their environmental impacts, both in order to put UK
proposals in context, and to see if any useful approaches to strategic
environmental assessment have been developed. This section
concentrates on water transfer and river regulation schemes.
Environmental impactassessment (EIA) relating to reservoir construction
and operation are described in the various publications of the
International Commission on Large Dams (ICOLD) and World Bank
(WB). Both the ICOLD and WB EIAmethodologies apply a checklist and

matrix approach with a strong emphasis on identifying opportunities for
mitigation.

There are several collections of review papers on large scale inter-basin
transfers. Inter-basin transfers exist on all inhabited continents. The
most spectacular examples of man interfering with the hydrological cycle
occur in North America, Russia and Australia. In Europe, there are
known to be sizable transfer schemes in France and Germany, but no
publications about them were identified as part of this review. Golubev
& Biswas (1979) include a bibliography of 502 entries relating to
different aspects of interregional transfers around the world.

Between 1977 and 1983, a series of meetings of international experts on
large-scale water transfers was sponsored by the United Nations
Environment Programme. The 1984 issue of the International Journal
of Water Resources Development 2(2/3) was dedicated to large-scale
water transfers and contains keynote papers on schemes in the USA,
Canada, Russia, Sudan, China, Mexico and Hungary, compiled by
Golubev and Biswas (1985).

Golubev and Biswas (1985) discuss the emerging social and
environmental issues associated with large scale water transfers. They
identified a need for a framework for evaluating future proposals and
criticised existing methodologies, including benefit-cost analysis, and
environmental and social impact assessment, for not taking an holistic
approach and being descriptive rather than predictive. The Expert
Group proposed that the framework should consider:

. Alternative types of transfer

. Institutional aspects (political,legal,institutions)

. Environmental impacts (physical, biological, use)
. Alternative strategies (eg demand control, re-use)
. Motivations and perceptions

&4.247.0/WP/CT/3122/NRAEAB.R02
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They did not produce an assessment framework and their main
conclusion was that accurate prediction of impacts for such complex
systems was impossible and they therefore highlighted the need for post-
project monitoring and evaluation.

A review paper by Shiklomanov (1985) summarises environmental
problems arising from large-scale water transfer projects around the
world. The scale of projects expressed in both absolute terms and as a
percentage of mean annual runoff are far beyond anything likely to be
proposed in Britain. In both Russia and the USA reductions in runoff
from major river basins of up to 60% are reported, eg the Colorado. In
Russia, transfers from the European rivers are measured in tens of
km3year (1 km3year = 2740 MI/d) and have caused significant
ecological damage in catchments such as the Aral Sea and the Volga.
However, the problems specific to transfers are masked by the scale of
general environmental pollution.

An interesting historical perspective on the papers produced by Russian
scientists in the 1970s and 1980s is that the impacts of these proposed
hydrologic projects were studied using complex systems models,
including all physical and biological interactions and were aimed at
identifying and mitigating all adverse effects. The environmental
disasters arising from these projects in Russia are now well chronicled
and it can be concluded that predictive studies in themselves are
ineffective unless development is accompanied by effective regulatory
authority and pollution control legislation.

Details of measured impacts specifically related to transfer schemes are
scarce. Day et al (1983) review biophysical impacts arising from the
Great Lakes diversions in Canada, and conclude thatthe main effects are
related to channel erosion.

Over the past decade there has been a clear shift away from engineering
enthusiasm for large projects towards environmental concern. Arecent
cynical view is presented by Pearce (1992), in which he catalogues large-
scale schemes such as those on the Colorado River as environmental
disasters. Palmer (1986) describes the evolution of the river
conservation movement in the USA, which now has more than 100 rivers
on its "endangered"” list, and actively campaigns against all large scale
water resources development projects. The press which any large water
resources project generates in Britain (eg article in New Scientist
20/3/93 "Water companies leaky arguments for reservoirs” on potential
resource developments in Yorkshire) ensures that any promoter of large-
scale transfer schemes in the UK will have to make their case very
carefully.

84.247.0/WP/ET/3122/NRAEAB.R02
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The textbook by McDonald & Kay (1988) reviews large scale water
resources projects around the world, and includes a chapter on the
major issues associated with water resources management and strategies
for dealing with these issues. The key issues they identify are:

. Scale
. Appropriateness
. Need for integration

These issues mirror those found throughout the literature. The larger
the scale of project, the greater the potential scale ofimpact. They quote
the recommendations of an inquiry into Federal water policy in Canada,
stressing the need for integrated management involving:

. catchment management plans, taking account of all uses affecting
flow and quality;

. full information on hydrological regimes;

. models capable of revealing the full range of impacts of proposed
developments;

. specified management objectives for the watershed;

. participation of all regulatory agencies;

. provision for public participation in determining management
objectives.

Further specific impacts associated with transfer of regulation schemes
both in the UK and Worldwide are discussed in subsequent sections of
this Chapter.

84.247.0/WP/ET/3122/NRAEAB.R02
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Physio-chemical Changes

The changes caused by the development and transfer of water resources
are firstly to the physio-chemical system through changes in hydrology,
water quality and geomorphology and secondly to the aquatic and
terrestrial ecosystems through transfer ofbiota or inresponse to changes
in the physical system. Figure 1 shows a simplified systems diagram of
the interactions between physio-chemical systems, biological systems and
user interests. In reality, the mechanisms for feedback and
interdependence are highly complex.

Hydrology

. This section reviews ways of classifying river reaches, flow regimes,

hydrological changes caused by river regulation and transfer, and
approaches to managing abstraction and regulation. To put this section
into context Petts (1988a) reports that of 1310 gauging stations registered
by the DoE only 11 percent record natural flows. 793 gauging stations
are classified as affected by flow manipulations, abstractions and
discharges. The following statistics concerning gauging stations reflect
the nature of flow regulation in the UK:

. 9.5 per cent are affected by direct regulation, are augmented by
water from surface water and/or groundwater storage upstream
of the gauging station;

. 2.4 per cent are affected by indirect regulation to suit the needs
of hydroelectric power generation;

. 25.9 per cent are affected by indirect regulation by impounding
or storage reservoirs situated in, and supplied from, the
catchment above the gauging station; and -

. 39.3 per cent are affected by interbasin transfers for water supply.
This is achieved either be abstractions from a reservoir or river
intake (25.9 per cent) or by effluent return via sewage works or
industrial works (26.6 per cent).

Despite the large number of interbasin transfers there are relatively few
published works on the subject. There is also a lack of information on
the existing transfer schemes for example the Trent-Witham-Ancholme
and the Ely Ouse-Essex schemes within the Anglian Region. Possibly the
most comprehensive review of the effects of the Ely Ouse transfer
scheme is to be found in a 1976 edition of Chemistry and Industry
(Guiver, 1976).

a4.247.0/WP/ET/3122/NRAEAB.R02
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Reach Classification

The hydrological and biological consequences of abstraction or
discharge depend upon the character of the river at the point of
interference. A simple classification scheme for reaches of different
characteristics, given below is based on that discussed by Petts & Foster
(1985) and elaborated by Gordon et al (1992):

. Upland (headwater) reaches: steep gradient; active bed and bank
erosion; coarse bed material; fast flowing; rapid hydrograph
response; many UK upland catchments regulated by reservoirs;
water temperatures relatively cool and stable; low to moderate
biodiversity; the flow regimes of upland reaches are highly
sensitive to abstraction/discharge.

. Middle-order reaches: moderate flattening gradient; sediment
transport from bank erosion/deposition and upstream supplies;
highly variable physical characteristics and hydrograph response;
variability of substrates, temperatures and discharges encourages
high biodiversity; effects of abstraction/discharge depend on site
specific conditions.

. Lowland rivers: slow flowing; stable discharge; usually depth
regulated in the UK; beds composed of fine sediments; generally
low biodiversity; generally depth insensitive to
abstraction/discharge, but abstraction at low flows can have
important effects on retention times.

. Tidal reaches and estuaries: discharge, velocity and depth
controlled by the tidal cycle except during floods; active silt
deposition; variations in salinity reflected in high biodiversity.

A further classification proposed by MacMillan (1986) and described in
Gordon etal (1992) isthe degree of "naturalness”, which can range from
natural to semi-natural to artificial. Many rivers in eastern Britain which
have been engineered as drainage channels are highly artificial.

It is clear from the above categories, that abstractions/discharges will
have least impact the further down the catchment they occur. The
environmental optimum would be to abstract water as close to the tidal
limit as possible. This would have the added benefit of requiring higher
quality standards in the upstream catchment. There are risks associated
with transferring water from a lowland reach into an upland reach,
because of the potential disruption to the continuum of physical
processes, sediment, nutrients and biota (Vannote et al.. 1980) with
unpredictable consequences. On the other hand, there may be the

M.247.0/WP/ET/3122/NRAJEAB.R02



potential for environmental benefits if transfers are made into an
unnatural or degraded reach by introducing sympathetic restoration
(Brookes, 1988).

Classification o fFlow Regimes

Blench (1969) describes flow regime as the representing the "climate" of
a channel. The concept of regime encompasses the seasonality and
variability of flows experienced at a particular location. For different
biota, it is not the flow itself which is important, but the sequences of
velocities, depths, temperatures and other physio-chemical characteristics
they experience.

Gustard (1992) classifies flow regimes in terms of: duration; frequency;
and seasonality. Frequency and duration statistics are essentially
different ways of looking at the same spectrum of low and high flows,
and they can be related by simple linear or log-linear equations (Gustard
1992). Both the timing and magnitude of high and low flows are
important for different environmental receptors. A simple way of
characterising the flow regime is:

. High/ mean flow regime: important for channel forming processes
(Richards, 1982) controlling siltation, fish migration, estuary
flushing to limit saline intrusion.

. Low flow regime: important for survival of many biota, water
resource availability, dilution of effluents and hence water quality.

. Seasonal flow regime: important for the growth cycles of most
biota.

Simple indices are: the mean annual flood (MAF) for high flows, the
bankful discharge or annual mean flow (MF) for mean flows, the 95
percentile flow exceedence (Q% or mean annual minimum 7-day flow
(MAMY) for low flows. The index of low flows most commonly used by
the NRAregions for setting discharge consents is Q% but since MAM7 is
usually a more severe statistic, it is becoming widely accepted as a
physically interpretable low flow measure, being the average flow during
the lowest flow week of the year.

Hydrological Effects o fRegulation

No references have been found on the hydrological effects of transfers
per-se, although there is a large amount of literature on groundwater
augmentation schemes which in principle are no different hydrologically
from transfer effects in the recipient catchment. The hydrological
consequences of transfer/augmentation are entirely dependent on the--

Ref: M.247.0/WP/CT/3122/NRAEAB.RD2
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timing and magnitude of discharges and any flow related control rules.
In general, augmentation schemes are used either to support surface
abstraction atlow flows or to provide dilution and maintain water quality
at times of low flows.

Any form of river impoundment will change the flow regime below it
The effects upon the hydrological characteristics of the river
downstream, both on the donor and recipient river, depends on two sets
of factors (Petts, 1984):

. Morphometry of the reservoir basin; although this varies litde in
the UK due to low sedimentation rates.

. Compensation flows and reservoir releases. In the extreme case
this has led to a reduction in the median flow of up to 43% of the
pre-impoundment figure. However, there isa marked degree of
variability reflecting the operational rules of individual reservoirs
(Higgs & Petts, 1988).

Interbasin transfers may contribute to increasing flood peaks on the
receiving river while the donor river may experience a reduction in
flows particularly if an H.E.P scheme is in operation (Roy & Messier,
1989).

There are specific hydrological impacts of reservoir construction and
compensation discharges. Detailed studies of hydrological changes
associated with reservoir construction and operation in the UK are
reported by Gustard et al (1987) and Higgs & Petts (1988). Gustard et
al (1987) studied the flow regimes before and after reservoir
impoundment. They describe the historical background to setting
reservoir compensation flows and identify that.the. needs for which
compensation flows were set have often changed significantly, and there
may therefore be considerable scope for both improving resource yield
and maintaining a healthy downstream environment. Of the 261
reservoirs studied, 70% release a constant discharge, although some also
release artificial floods or freshets for fisheries reasons. Others release
so as to maintain a minimum flow at some gauging station downstream,
whilst the remainder have seasonally varying releases, usually summer
high/winter low. The average compensation flow was 16% of the MF,
and the MF downstream of the reservoir was 55% of the natural flow
without impoundment. They found that the artificial influence of the
reservoir on the natural flow regime downstream is negligible where the
reservoir catchment is less than 10% of the total catchment.

84.247.0/WF/ET/3122/INRAEAB.R02
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The greatest reduction in flows occurs in the mid flow range Q10to Q”.
Although on average compensation flows were 22% higher than Q% for
natural conditions, there was considerable variation from 0% up to more
than 500% of natural Q%.

They made a detailed assessment of the magnitude and timing of high
flows with and without the reservoirs based on 29 sites, which showed
that both the magnitude, timing and frequency of spates changed. The
MAF was not reduced significantly, but the frequency of spates (defined
as 2x or 5x the MF) was about 30% of that which would occur in the
natural river. The other key effect of impoundment is that summer and
early winter spates are captured by the reservoir as it fills. This can have
important implications for fisheries. Higgs & Petts (1988) found that the
MAF was reduced by about 30% for the River Severn following
construction of Clywedog reservoir, but they hypothesised that this was
as much due to climate change as to the reservoir effect.

Extreme low flows have been eliminated by river impoundment and
interbasin transfers. Yetwhile the monthly minima have been increased
in the summer they have been reduced in the winter in many regulated
rivers. This has meant that there has been a flattening of flow duration
curves (eg Hadley et al.. 1987). The ecological effect of such operations
can clearly modify the habitat and it is possible that the transfer of water
from one catchment to another may cause confusion to returning
migrant species, especially salmonids (Hellawell, 1988).

Management o fFlow Regimes

In the context of water resources management in the UK four low flow
criteria are used for controlling abstractions and discharges so as to limit
environmental damage: minimum acceptable flow; prescribed flow;
maintained flow; and minimum residual flow to estuaries. In addition,
some reservoirs, particularly in Scotland and Wales, make high flow
releases or freshets for migratory fisheries.

The notion of a minimum acceptable flow was introduced under the
Water Resources Act 1963. The minimum acceptable flow was to be
specified at control points so as to safeguard the requirements of existing
lawful uses of watercourses. Wood (1981) explains why they were not
routinely applied because of problems in relating flow and level to
environmental parameters. The main aim ofsetting minimum acceptable
flows was to ensure no derogation of existing abstraction rights.

A prescribed flow (PF) is a flow at a gauging station referred to in a new
licence such that abstraction must cease whenever the river flow is below
the PF. The PF is a way of protecting the river from excessive
abstraction. Unfortunately, Licences of Right granted under the 1963 Act -
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were not subject to such restrictions. In addition, the complexity of
linkages between surface and groundwater together with a lack of
defined environmental objectives have meant that many new
groundwater and surface licences have been granted without regard to
a PF in an integrated manner. Itis understood that any new abstraction
or discharge licenses granted by the NRAwill be time limited and subject
to a prescribed flow to protect downstream user interests and
environmental needs.

Maintained flows are the basis for compensation flows from several
reservoirs in Yorkshire, eg Worth Valley reservoirs near Keighley. Like
constant compensation releases, these were usually setto maintain flows
for industrial requirements which often no longer exist.

A recent report by the NRA, Severn-Trent Region (1992) reviewed the
variations in regional practice for determining minimum residual flows
(MRF) to estuaries. MRFs are set either as an annual figure, based on
winter/summer seasonal requirements or based on tidal conditions.
Significant variations in policy were found, with the wetter west tending
to try and maintain existing low flows as measured by Q% whilst the
drier eastern regions even contemplating a zero residual flow, such as
for the Yorkshire Derwent.

Of the 67 estuaries investigated, 30 had some form of MRF, which
ranged from 0.24 to 1.38 times the Q95 dry weather flow for annual
MRFs and 1.08 to 8.5 times Q% for winter/summer MRFs. The
requirements cited for determining MRFs included: fish migration and
survival; quality needs for abstractions near the tidal limit; dilution to
maintain quality class; navigation; amenity; and ecology. The main
guantitative factor for setting MRFs was for abstractions near the tidal
limit.  Although some studies have been used to set MRFs for
environmental reasons based on mathematical models or fish migration
studies, most MRFs have been set empirically. Rivers with migratory
fisheries generally have an MRF of at least 50% of Qw.

In the UK, the first systematic attempt to introduce an environmental
prescribed flow (EPF) as a basis for assessing licence applications was by
the then Yorkshire Water Authority (YWA), as described by Drake &
Sherriff (1987). They proposed a relatively simple method of using
different weightings for six environmental categories: fisheries, angling,
aquatic ecology, terrestrial ecology, amenity and recreation.  These
weightings were used to determine EPFs when granting new surface
abstraction licences. The EPF was expressed as a proportion of MAMY.
They also proposed a river quality prescribed flow (RQPF) at key points
in the river system to ensure that downstream water quality would not
be lowered as a result of increased upstream abstraction.
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There are relatively few examples of integrated approaches to setting
acceptable flow targets for the full spectrum of environmental
requirements, covering both minimum flows, aimed at maintaining
sufficient habitat, acceptable temperatures, and depth for the passage of
fish; and intermittent high "flushing™ flows to remove fines from the
streambed, scour encroaching vegetation, and flush anoxic or saline
water from stratified pools. Tunbridge & Glenane (1988) (cited in
Gordon et al, 1992) specified four flows for the management of a
regulated river and estuary in Australia:

. Optimum environmental flow - for full fish production and
recovery after drought

. Minimum environmental flow - resulting in negligible reductions
in fish stocks in average rainfall years;

. Survival environmental flow - may cause a reduction in fish
stocks, but no loss of species

. Flushing flow - to remove fines from the streambed, maintain the
freshwater reach, remove the salt wedge in the estuary.

In recent years, the terms Ecologically Acceptable Flows and
Environmentally Acceptable Flows (EAF) have been introduced, eg
Bullock and Johnson (1991) and Brown et al (1991). The implication is
that ecological or more general environmental needs should be assessed
independently of existing levels of resource development. If followed
through to its logical conclusion, this could result in the NRA revoking
existing abstraction licenses to restore acceptable flow conditions.

A recent comprehensive review of methods for setting EAFs is given in
Gordon etal (1992). The two approaches to setting acceptable flows are:

. Discharge related methods ("rules of thumb?”)
. Habitat related methods

Discharge related methods define the EAF in terms of a proportion of
some measure ofthe existing flow regime. Examples are as a percentage
of the mean flow (MF); the Q95 flow duration statistic; or a low flow
frequency statistic, eg the MAM7 or 1in 10 year drought 7-day flow. The
Montana method is used widely in the USAto protect fisheries by setting
the EAF as 30% MF at migration time and 10% MF at incubation time.
This is an extremely simple method to apply. Although the method
proved effective in the USA it is uncertain whether itis appropriate for
use in conditions hydrologically or morphologically dissimilar from
those for which it was derived.

84.247.0/WP/ET/J122/NRAEAB.R02



2.2

Ref:

A more elaborate method developed in the USA and New Zealand is
habitat simulation. The Instream Flow Incremental Methodology (IFIM)
has at its core a computer model for Physical Habitat Simulation
(PHABSIM), see descriptions in Bullock & Johnson (1991), Orth &
Leonard (1990). This method requires measurements of water depth,
velocity and water surface profiles for several cross-sections at a range
of flows. The simulation is then run in increments of flow to predict the
biological response of fish, macroinvertebrates and macrophytes to the
available habitat. When calibrated for UK conditions, IFIM will provide
an importantplanning tool for deciding minimum flow requirements and
could be used at the stage of a detailed EAto compare the environmental
implications of different proposals. The latest applications of IFIM use
salmonids as the key indicator species for setting EAFs (Johnson et al,
1993).

An important conclusion from the Gustard et al (1987) study is thatthere
IS no reason why a healthy aquatic environment cannot be maintained
downstream of reservoirs provided the artificial flow regime is set with
some reference to the natural flow regime to which the ecosystem has
evolved. Hellawell (1988) argues that river regulation causes irregular
and intermittent modification to the natural flow regime to which a
community is well adapted, and therefore will inevitably cause a loss of
diversity and species richness. The general conclusion seems to be that
changes from historic flow regimes should be as little and as gradual as
possible to minimise adverse environmental effects.

For a strategic EA, with the level of detail of hydrological information that
will be available for making judgements, some form of simple "rule of
thumb™ approach would seem to be appropriate, using the existing flow
regime as a reference point.

Water Quality

This section reviews the accepted and practised ways of classifying river
water quality, the principal water quality parameters, and the water
quality changes associated with regulation (groundwater recharge and
reservoir) and transfer (pipeline, canal and river).

Classification ofWater Quality

Surface water reaches have been classified according to water quality for
many years. The main chemical determinants used in the National Water
Council (NWC) Classification are biochemical oxygen demand (BOD),
dissolved oxygen (DO) and ammonia, expressed as 95-percentiles, in
addition to water quality capable of supporting different types of fish
and/or potable water supply if appropriate. Since the 1989 Water Act,
Statutory Water Quality Objectives (SWQOs) are being introduced,
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incorporating Use-related Classes and the existing EC Directive
requirements where appropriate. Increasingly the biological status ofthe
river is used to assess river health, including water quality parameters.

Estuarine classification was historically based upon the water quality
parameters of biochemical oxygen demand and dissolved oxygen;
changing in 1980 to a subjectively assigned point-scoring system based
on water quality, aesthetic quality and biological quality. A new, less
subjective classification based upon water quality (dissolved oxygen,
ammonia, nutrients nitrogen and phosphorus), sediment quality (Black
and Grey Listcompounds adsorbed to fine particulates), aesthetic quality
and ecological quality is proposed as part of the SWQOs.

The temperature regime of the river is considered by many to be one of
the most important factors controlling riverine ecology. In many studies
of river temperature zonation and classification, the range and variance
of water temperature are of significance, rather than the mean monthly
maxima and minima (Hellawell, 1986). Naturally, the temperature
characteristics of a river are dependent upon many factors, most
important of which are water flow and riparian vegetation management.

Principal Water Quality Parameters

It is well documented that the upland and upper-middle reaches of a
river have a fundamentally different chemical make-up from lower
reaches (Hellawell, 1986). Upper reach waters are well oxygenated,
usually with a low BOD, low temperatures, and a small loading of
suspended sediments. Conversely, lower reaches have lower oxygen
levels, a greater natural and man-made BOD, and a greater loading of
suspended sediments. The dissolved oxygen/BOD loadings
fundamentally affect the biotic component ofthe river, and also influence
the setting of discharge consent levels. Any transfer of unmixed water
from the lower reaches to upper reaches, even of the same river, will
greatly affect water quality.

Water temperature has aprofound effect on river biology and chemistry.
The 24 hour variability (diurnal variation) of water temperature is often
the critical cue for stream organisms, although data collection is not
usually conducted at this level of detail. Experience from the Welsh Dee
and Tyne-Tees transfer schemes suggest that water temperature might be
the most important parameter limiting fish stocks.

Levels of suspended sediments are affected to a great degree by the
geology and morphology of the catchment (Roy and Messier, 1989), and
are more variably related to flow. Suspended solids, whether organic or
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inorganic, tend to adsorb metals and Organics such as biocides to their
surfaces, thereby affecting water chemistry in addition to the physical
effect of increasing turbidity.

Countrywide variations in solute concentrations relate to
hydrometeorological and physiographic variations across England and
Wales (Petts, 1988a). Total dissolved solids, for example, tend to be
highest in the east (1200jiS/cm), and lowest (35*S/cm) in the west and
north. Chloride and nitrate concentrations also tend to be highest in the
east. Interestingly, due to the regional differences in rainfall, the greatest
mean annual loadings of chloride and nitrate to estuaries are highest to
the west and north (Petts, 1988a).

Average pH levels of lower than 7.0 and occasionally as low as pH 5
characterise upland streams in the west and north with base deficient
soils which afford little buffering capacity; whereas the calcareous soils
covering large areas of eastern and central England can give rise to
streams with pH values greater than 8, more commonly between 7-8
(Petts, 1988a).

The upper reaches of rivers throughout England and Wales are
considered to be nutrient poor (oligotrophic), and derive much of their
organic and nutrient input from sources external to the water body.
Their nutrient status is dependent upon the catchment land use. Lower
reaches of rivers are invariably nutrient enriched, having received
nutrients from both sewage treatment works and from farmland run-off
in addition to the recycling and retention of autochthonous (internal)
nutrients within the river biomass. There are obviously case-specific
exceptions to these generalisations, with the oligotrophic status being
comparatively rare in England, and nutrient enriched waters being
common. -

A serious consideration in inter-catchment water transfers is the transfer
of pollutants such as metals and biocides, or the alteration of recipient
water characteristics such that previously inert compounds become toxic.
This is particularly serious when water uses differ between donor
catchment and recipient catchment. The most obvious examples are
associated with irrigation, eg the transfer of the herbicide 2,3,6-
trichlorobenzoic acid within the Ely Ouse-Essex scheme, the transfer of
salt-rich waters, or the alteration of pH, mobilising metal ions.

A further concern is the possibility of transfer of accidentally spilt
contaminants, thereby polluting two river courses. The type of spill is
partly a function of the catchment use: an industrialised catchment being
more prone to chemical or oil spills, whereas a rural catchment is more
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prone to organic overflows; and partly a function of the river length
above the abstraction point; the greater the river length, the greater the
probability of a spill.

W ater Quality Responses to Changes in W ater Regulation

Water regulation is achieved by either above ground storage in
reservoirs, which may be on-line or off-line (in which the filling and
drainage behaviour is governed by a watercourse which does not pass
through the storage area), or by recharge using groundwater.

The advantages and disadvantages of reservoirs are well documented,
and will be only briefly reviewed here, particularly as engineering
options exist to mitigate many of the disadvantages. The benefits include
the settlement of large sediments, with associated nutrients, metals and
Organics, and the provision for water blending. Disadvantages include
water stratification, with a lower, cold, oxygen-depleted hypolimnion
which is often rich in dissolved iron and manganese, and high levels of
organic matter and suspended solids (Hellawell, 1988).

Releases of hypolimnetic water can affect river water for many kilometres
downstream. The temperature regime below reservoirs can be gready
altered, leading to the concept of "thermal resetting" (Crisp, 1985).
Studies on water temperature immediately downstream of Kielder Water
have shown that the amplitude of monthly mean temperatures are
reduced by almost 6°C when compared to river water. The mean
diurnal range was 1.5°C lower (drops of 0.8 to 2.1°C were recorded),
the summer peak temperature was depressed by 3 7°C and delayed by
4-6 weeks, and the winter minimum temperature was raised by 2.6°C
and delayed a month (Crisp, 1985). The rate of equilibrium varies, but
for modest impoundments in England is expected to be within a few
kilometres downstream of the release (Crisp, 1985). Webb and Walling
(1993) report that the main effects of river regulation on water
temperature are to increase the mean value, eliminating freezing
conditions, depressing summer maxima, delaying annual cycles and
reducing diel fluctuation over a distance of 5km. However, the
temperature impact will decline with distance downstream.

The effect of nutrient loadings, in particular phosphorus, in the input
waters may be minimised by lacustrine sediment setding. However,
shallow reservoir waters in particular give the potential for
eutrophication and algal blooms, which cause oxygen depletion, affect
turbidity and colour, and possibly lead to toxin releases in the case of
Cyanophyte species.
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Even water storage in on-line reservoirs can modify water quality. In
storage, chemical exchange and cycling occur in conjunction with
biological degradation and uptake, such that water leaving storage is
likely to be of a different character from that entering in terms of water
chemistry, temperature and suspended solids (Higgins, 1990). For
example, studies on the River Fly and Lake Bissett system in Fapua New
Guinea showed that the reservoir water was more acidic, with an average
pH of 6.4, while river pH averaged 7.4. Dissolved organic carbon levels
in Lake Bissett were 6-9 mg/1, while values in the Fly River were 3mg/I
(Higgins, 1990).

A primary problem associated with the use of groundwater is the
constant, relatively low temperature (about 10-11°C) which suppresses
both diurnal and annual variation, lowering the mean summer
temperature, and raising the mean autumn and spring temperature of
the recipient river (Brewin and Martin, 1988; Hellawell, 1988).
Furthermore, groundwater has a lowered dissolved oxygen content,
elevated dissolved nitrogen and elevated nitrate and iron concentrations
(Hellawell, 1988). Alternating desaturation-resaturation cycles within the
aquifer can affect oxidisation of minerals and mobilisation of salts and
metals.

Water Quality Responses to Changes in W ater Transfer

Water transfers between catchments are envisaged to be by pipeline,
river or canal. As discussed above in the section on water quality
parameters, there are general water quality changes from east to west in
England and Wales* Extreme examples of water transfers would involve
transfers between acidic and calcareous catchments, with associated
changes in acidity, hardness, etc. A second extreme example would
involve water transfer from the lower reaches of a river, water relatively
high in nutrients, BOD, suspended sediments, etc, to the upper reaches
of a watercourse where the water is typically low in nutrients and high
in DO.

Canals and pipeline water transfer give rise to unique concerns. In
general, canal water is of lower quality than river water, due to the
reduced rates of turnover and less efficient aerobic processes. Chemical
parameters such as nutrients and BOD are usually elevated, temperature
is high and DO is relatively low. Using canals for water transport routes
will modify the quality of the donor water, and there is a risk of flushing
low quality water into the recipient waterway. Furthermore, canal
maintenance and dredging risk disturbing sediments high in
contaminants in addition to being anaerobic, which may be flushed into
the recipient river.
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In pipelines, there is the possibility that water with a high BOD will
become anaerobic, that solids will be deposited, that acidic water will
corrode the pipe, and that carbon dioxide or hydrogen sulphide will be
released. With adequate controls, such changes in water quality should
not occur. Draw-down of the pipeline during non-operational periods
will minimise the growth of organisms (eg slime, zebra mussels) on the
inside of the pipe, and will prevent the build up of stagnant, anaerobic
water. Care should be taken to empty the pipeline before such
conditions occur, and washouts must be planned for sections of the pipe
that cannot drain to the donor or recipient rivers, ensuring that local
watercourses, which may be only drainage ditches, are not affected.

However water is transferred, some general principles apply. Firstly,
there are water quality parameters which are affected along a
"continuum”, experiencing an elevated (+) or lowered (-) level to a
greater or lesser degree such as pH, DO, temperature, nutrients and
hardness. Secondly, there are the "presence/absence" type of
considerations: moving algae (which may influence water quality by
depressing DO, raising BOD, affecting turbidity and releasing toxins),
spreading pathogens and transferring contaminants. A third
consideration appears to be a "composite” water quality measure, that is
changing the chemical fingerprinting of rivers.

Mixing

Concern over the decreasing water levels and lower dilution capacity in
the donor river with the concomitant increasing proportion of effluent
in the river have been expressed (Brewin and Martin, 1988). Discharge
consents have been based on mass balances and dilution capacity, as
well as the downstream river quality objectives of the receiving water.
It has been found more economic to achieve a given river quality
objective by improving effluent treatment rather than by stipulating
increased river flows (NRA, Anglian Region, 1993a), thereby opening the
way for potential reductions in donor river flows.

Residual flows have been set for estuaries, many of which are based on
effluent dilution and water abstraction needs near the tidal limits,
although some residual flow levels have also been set for environmental
requirements. The characteristics and contours of the saline wedge, the
degree of mixing/stratification, and levels of dissolved oxygen, ammonia
and nutrients are important parameters in estuarine water quality. The
partitioning of metals between the solid and liquid phases is also affected
by salinity, thus the metals balance in an estuary can be influenced by
freshwater flow (Alabaster, 1976). Although there is an argument that
there is less need for river water for dilution as the quality of discharges
into the estuaries are improved (Brewin and Martin, 1988), the saline
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wedge characteristics are also gready affected by freshwater discharge,
and in their turn fundamentally influence biotic zonation in the estuarine
ecosystem.

Predictability

Despite the generalisations about water quality parameters stated above,
river water quality can naturally change very quickly and significandy as
a consequence of heavy rainfall on a catchment causing high run-off
(Johnson, 1988). Particularly in upland catchments, the colour, acidity
and suspended sediment loading can gready increase after rainfall; and
the first major winter storm, the freshet, results in a high loading of
nutrients from farmed land and metals and oil from urban catchments.

A little understood aspect of river water quality is chemical
fingerprinting, consisting of either the chemical make-up of the river or
pheromones, uniquely identifying rivers to- migratory fish. This
fingerprinting remains identifiable from year to year, indicating a high
degree of predictability in this composite aspect of water chemistry,

In addition to problems associated with sampling error, which may be
corrected with appropriate statistical tools, water quality exhibits
naturally occurring temporal patterns. The annual cycle, measured by
monthly samples, is relatively well understood, as are the seasonal
cycles. The variation within these cycles can also be approximated with
sufficient sampling. The daily cycles are not routinely measured, and
may be critical as biotic cues. Furthermore, often the minima and
maxima determine species ranges, for example, parameters such as
maximum summer and minimum winter temperatures, minimum DO,
maximum levels of a chemical. Data at this level of detail are generally
unavailable since current water quality monitoring programmes rely
more on establishing the general water chemistry through time periods
ofyears. The best method to assess the living state of rivers, integrating
all factors including water quality through the many temporal scales, is
to use biological indicators/biological class.

Geomorphology
Sediment Transport ami Instream Hydraulics

Damming modifies the physical processes that form and transport the
natural substrate of the river. Areservoir will hold fine sediments within
it so that bedrock may be exposed below the dam, although reservoir
cleaning operations will introduce fines to the downstream reaches
(Carling, 1988; Petts, 1988b). Spates or floods may remove surface
gravels but the dam prevents their replenishment. The river response
is directly proportional to the magnitude of the altered hydrological
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regime and while some areas close to the dam experience degradation,
others may experience aggradation as well as channel contraction
(Sherrard & Erskine, 1991). Degradation of the channel appears to be
the most immediate response to regulation. Long-term changes appear
to be more important, with channel instability and aggradation being the
dominant response (Carling, 1988). This variation can lead to a drastic
alteration of the instream habitat and biotic communities. The degree of
change depends on die distance from the dam and the distribution of
tributaries along the river from which replenishment of substrate and
biota recovery can occur (Storey et al.. 1991).

Petts (1988b) found that in the River Daer, Scotland and the River
Derwent, Derbyshire, the proportion of fines (sub-2mm) by weight
within a gravel substrate, were elevated within two reaches.

- Between the dam and the first tributary confluence.

- For about 2.5km below a tributary confluence. (Similar results
were also reported by Carling (1988)).

Both the proportion (20 per cent, by weight, below the tributary
confluence compared to less than 5 per cent for non-regulated sites) and
size of the fines within the substrate decreased from the confluence and
as a result the ecological impact of substrate sedimentation is likely to be
localized, close to the dam. Davey et al. (1987) found that sediments
within the range of 0.063-2mm were deposited within a 10km reach
below the dam and that finer silts and clays could be.detected nearly
30 km downstream.

Regulation by dams in the UK results primarily in reduced stream power
expenditure and decreased channel capacity through lateral™ shoaling
(Carling, 1988). Channel capacity downstream of a storage reservoir still
needs to accommodate a large proportion of the volume of large floods
to prevent flooding and morphological adjustments of the channel and
floodplain. However, flow reduction as a result of river regulation
means that channel capacity is no longer self maintaining, capacity is
reduced, bed roughness may increase and stream velocity decreases.
The recipient stream in an interbasin transfer may conversely experience
a long-term increase in flow velocity (Boon, 1988).

Petts et al. (1993) suggest that the variation of ecological impacts between
riffles relates to site-specific hydraulic conditions, especially bed shear
stress. Since regulation began on the Platte River, Nebraska, there has
been a reduction in channel scour (Hadley, et al.. 1987). Originally the
Platte River channel was wide, relatively shallow, and devoid of dense
vegetation. The onset of a minimal flow throughout the year has
encouraged vegetation growth and the deposition of sandbars. This has -
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been accompanied by a reduction in the channel width which has been
enhanced by the vegetative stabilisation of these large sand bars that have
gradually evolved in to islands. Many of these results were replicated in
Mangrove Creek, Australia (Sherrard & Erskine, 1991).

The effect of water transfers on the recipient rivers of the La Grande
Hydroelectric Complex (Quebec, Canada) (Roy & Messier, 1989) caused
massive bank erosion of the normally exposed banks of the rivers with
increased flow. Erosion of these new banks accounted for 52 per cent
of 120,000m3 of the material eroded. This figure reduced in the
following years and only three years after vegetation cover was 80-90 per
cent. Bank erosion on rivers with increased flow was also markedly
increased although this again was relatively short lived, and ceased once
sediments were exhausted.

From this short review it is clear that each reservoir-river and interbasin
transfer system is unique. Climate, geology and operational regime
combine to produce a response that can not be used to construct a
simple generic model of channel change.
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Biological Responses
Aquatic Ecology

There has been a marked increase in theoretical literature on natural
river systems over the last fifteen years (Cummins, 1979; Vannote et al..
1980; Junk et al.. 1989; Ward, 1989). There has also been widespread
recognition that the majority of the world’s rivers have been regulated
(Ward & Stanford, 1983; Petts, 1984). The dominant influence of
anthropogenic influences has led to the questioning of the applicability
of many ecological concepts, such as the River Continuum Concept
(Statzner & Higler, 1985; Fruget, 1991), and to the development of
theories to explain the ecology of regulated rivers (eg Ward & Stanford,
1983). Four types of river regulation have been identified (Petts, 1988a)
and their effects on the fluvial environment and ecology considered:

- Mainstream impoundments (eg Petts, 1984; Tuch & Gasith, 1989;
Sherrard & Erskine, 1991.

- Interbasin transfers (eg O’Keefe & De Moor, 1988; Roy & Messier,
1989; Davies et al 1992, Dudgeon, 1992).

- Pumped storage reservoirs (eg Petts, 1988a; Casado et al 1989)

- Groundwater abstractions (eg Wright & Berrie, 1987; Armitage &
Petts, 1992; Bickerton et al.. 1993).

Probably the best definition of those water transfers likely to. cause an
ecological impact is: "the transfer of water from one geographically
distinct river catchment or basin to another, or from one river reach to
another.” (Davies et al.. 1992), All transfers of water will have chemical,
hydrological, physical and biological implications for both the donor and
receiving streams. Davies et al.. (1992) suggest that interbasin transfers
(TBTs) disrupt the river continum (Vannote et al.. 1980) in a similar way
to the Serial Discontinuity Concept (SDC) (Ward and Stanford, 1983).
A lack of ecological data is evident from consideration of examples from
south-eastern Africa, southern Africa, and the central and south-western
parts of the United States. From this study and others directly relating
to IBTs (O’Keeffe & De Moor, 1988; Roy & Messier, 1989), and other
studies relating to river regulation, the following ecological effects and
factors influencing the degree of impact have been identified.
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The Effect ofInterbasin Transfer and River Regulation on Biota

There are several review papers that consider the impact of river
regulation, including interbasin transfers, on biota in the UK; fish and
fisheries (Mann, 1988) and invertebrates (Boon, 1988). There is at
present no clear information on the effects on aquatic macrophytes.

Riparian Vegetation

Riparian vegetation provides an important source of organic matter for
ecosystems, sites of shading for fish and is important for insect
emergence and resting (Hellawell, 1988). The loss of riparian vegetation
particularly during the construction phase of a scheme and for the
maintenance of the channel may have consequences for the submerged
biota.

Nilson et al. (1991) found that the presence of pre-regulation river
margin vegetation relates to water-level regime. The frequency and
duration of flooding is important for growth and regeneration (Bren,
1988); the height of river margin and mean annual discharge were the
most important determinants of species richness, which was greatest in
natural sites and in regulated sites with remnants of pre-regulation
vegetation. Water level regime, mean annual discharge and substrate
particle size were most important for plant cover; with the highest
percentage ground cover in natural sites with a fine substrate.

Primary Production and Food-Webs

Palmer and O’Keefe (1990a) found that more than 95 per cent of the
particulate matter transported in a small river in South Africa with
multiple impoundments, was ultra fine (80/zm).  The ratio of
CPOMrFPOM (Coarse Particulate Organic Matter: Fine Particulate Organic
Matter) in transport decreased with increasing stream order as a result
of inputs of FPOM from pollution and from plankton blooms from the
reservoirs. The downstream effects were largely dependent on the
quality of inflowing water and the type of reservoir release. Surface-
released water carried relatively low concentrations of suspended
material (11-66 g/m3. In marked contrast bottom-released water was
usually sediment laden (36-190 g/m3. It took between 4-8km
downstream for zooplankton densities to reduce by 95%, although in
one polluted impoundment it took between 32-35km to be reduced by
95%.

The clarifying effect of reservoirs, noted above, and the increase in mean
water temperature over the year increases the primary production of
algal populations. This means that although suspended matter derived
from catchment sources may be reduced below the impoundment,

M.247.0/WP/ET/J122/NRAEAB.R02

21



Ref:

organic matter may be at a similar level due to increased primary
production. Some of the flora may be foreign to the river as a result of
the lake-like conditions and/or as a result of the transfer of species from
one basin to another. These can provide an important additional food
source for invertebrates and fish (Hellawell, 1988).

The stabilization of low water levels can dramatically change the
distribution and increase productivity of aguatic macrophytes below the
impoundment (Peck & Smart, 1986). Temperature change can also have
marked effects. Significant changes can occur in the epiphytic diatom
community between 12°C and 18°C (Blinn, et al.. 1989). 18°C appears
to be the key temperature for zooplankton communities (Urabe, 1989).
It is likely that surface release reservoirs or selective depth withdrawal
could be used to increase the water temperature to produce a qualitative
change in flora and fauna.

Invertebrates

Interbasin transfer can potentially transport different invertebrate species
form one catchment to another (Davies, et al., 1992). This could have
serious implications for the food chain and survival of the ecological
integrity of some rivers. Alien species may establish themselves and
displace native species.

The response of different families of invertebrates and communities
varies. A large volume of literature exists describing the effects of river
regulation on different invertebrate communities (eg Armitage et al.:
1987; Voelz and Ward, 1990; Petts et al. 1993) and some invertebrate
groups: Ephemeroptera (Mayflies) (Brittain and Saltviet, 1989) and
Plecoptera (Stonefly) (Stanford and Ward, 1989) in most cases are
reduced in number or are eliminated below dams (Boon, 1988) and
Trichoptera (Caddisflies), particularly net spinning filter feeders, appear
to increase in density below dams (Hauer, et al.. 1989; Voelz and Ward,
1992) especially if there is an epilmonial release (Boon, 1988).
However, the response of any single species will relate to the specific,
and often unique, set of factors that it experiences in the regulated river.

Disturbance During Construction

The construction process is likely to increase the possibility of accidental
pollution of the river. Physical disturbance is likely to increase turbidity
which, in turn, will result in a decline in aquatic macrophytes as light is
reduced, and filter-feeding macroinvertebrates. Sediment deposition may
occur and in extreme cases may blanket vegetation stands (Hellawvell,
1988) leading to changes in the benthic invertebrate community that rely
on clean interstitial spaces, which are lost by sedimentation (Marchant,
1989)- Channel capacity may be enlarged to accommodate transferred
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water in the recipient catchment. This will probably reduce depth under
dry weather flow, increase channel width, and change water velocity for
a given discharge (Hellawell, 1988).

Fisheries
Spawning

Work on the rivers Lune, Avon, Frome and Welsh Dee reported by
Brayshaw (1966), showed that salmon spawn naturally at depths of 0.3
to 0.8 metres and at velocities of between 0.44 to 0.97 m/sec. At
velocities above 3.66 m/sec spawning is inhibited.

Crisp (1985) carried out a detailed investigation on silt transport and the
deposition and survival of intragravel stages of salmonids, and the
associated problem of gravel movement and egg washout. In general,
high flows may lead to washout of eggs and alevins from the gravel beds,
while prolonged low flows may allow sediment to seal gravel interstices
and reduce oxygen supply to the redds. Crisp and Carling (1989)
showed that salmonids generally avoid spawning in water shallower than
their own body depth or at velocities less than approximately 0.2 m/sec.

Le Cren (1961) showed that a river can support only a certain density of
fish, as fry and parr establish territories with the excess being forced
downstream into more unsuitable areas, with increased mortalities. On
some upland streams, flow variations may reduce egg densities to
suboptimal levels at which this density dependent mechanism for
controlling fry populations no longer operates.

The effect of water velocity on the downstream movement of recently
emerged salmon and trout parr in experimental channels has been
studied in detail by Crisp (1985). The rate of downstream movement of
trout was highest at velocities of 0.4-0.7 m/sec while the maximum rate
of salmon movement occurred at low velocities of 0.07 m/sec.

Cowx & Gould (1989) studied three rivers in the upper Severn
catchment to assess the influence of regulation strategies on the Atlantic
salmon and brown trout populations. In the regulated Afon Clywedog,
juvenile recruitment of both species declined steadily following increased
utilization of the impoundment for regulations. The decline was
considered the response to the variable and rapidly changing discharge
regime adopted in the river. Spawning success and juvenile survival of
salmonids in the Vrynwy was relatively stable suggesting the flow regime
in this river was less devastating. Crisp et al. (1983) found that
regulation of the River Tees enhanced brown trout and bullhead
populations.
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Upstream Migration

Alabaster (1970), studying 6 years of fish count data for the River
Coquet, Northumberland and other published data, found that salmon
move at flows higher than the available median, but could find no
preferred flow for all the rivers. Stewart (1968, 1969) identified a
migratory flow range from 0.008 cumecs/metre width to
0.18 cumecs/metre width of river. Peters et al (1973) found maximum
migration occurred at flows between 0.5-4.0 times the average flow;
Brayshaw (1966) quotes 0.7 to 1.5 times average flow. In 10 years of
fish count data on the River Frome Hellawell et al (1974) failed to show
any relationship with flows. The release of artificial freshets from a
reservoir has been successful in stimulating the ascent of salmon in
some river systems (Banks, 1969; Huntsman, 1945), but their value has
yet to be proven scientifically. Natural spates are more successful than
artificial releases and fish are known to move without freshets or even
during reduced flows (Allan, 1966). Pyefinch et al (1965) regard freshets
as useful only if they prolong a natural spate. However, studies of the
effectiveness of artificial flood releases are complicated by the varying
numbers of fish which are available to migrate throughout the season.
Less attention has been paid to the required size of peak flow, or
duration or frequency of freshets. Most fish move on the recession
rather than the peak flow (Stewart, 1968; Menzies, 1958; Huntsman,
1945).

Provided flow rates are sufficient for migration, then other factors such
as time of day, water temperature and turbidity will influence fish
movement. Hellawell (1974) states that under clear river conditions
movement is generally at night, while in turbid conditions salmon will
move during the day. Both Stewart (1968) and Allan (1966) report
increased movement at night, although light is required for the fish to
ascend obstacles.

Estuarine Movements and Entry into Freshwater

There are few direct observations on salmon entering from sea. Limited
evidence from the Fowey (Potter, 1988) and Avon (Frake and Solomon,
1990) indicate that salmon arrival in the outer estuary coincides with late
ebb or early flood.

Movement up into freshwater seemed to be critically dependent on
occurrence of adequate river discharge, whilst no common threshold
was evident. The Avon study demonstrated that tendency to remain in
the lowermost non-tidal reaches was associated with discharges less than
13 and more than 10 cubic metres per second (m3/s) respectively.
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At times of low discharge salmon accumulate in the estuary, possibly
leading to high net catches, or they return to sea. Insofar as salmon are
unlikely to move up beyond the saline limit if discharge is too low the
upper part of an estuary represents a critical zone where a ’decision’ to
move is made.

The advent of radiotracking has brought a greater insight into salmon
responses to river flow and will improve interpretation of the extensive
database available from fish counters. As most of this work is still
progressing firm conclusions have yet to be reached, but some general
principles are being confirmed or revised, as follows:-

- Generally, median flows used for migration on spate streams are
higher than median available flows. The reverse can obtain on
groundwater fed rivers (Welton et al., 1990).

- Low flows and big floods inhibit movement. Within this migration
band (Cragg-Hine, 1985) the size and timing of flow variation
required to support migrations is very variable between rivers,
seasonally and between years on any one river.

- Summer spates are essential to bring fish up from estuaries, but
have a far less predictable effect on fish already in the river.
During the quiescent phase there seems to be a large pool of fish
that will not respond to spates. Perhaps their inclination to move
is related to distance from their intended spawning area.
Paradoxically, the movements that do occur are commonly
associated with spates. Thus for the majority of fish, flow
variation (fish move on rising and falling hydrographs) seems to
be a necessary but not always sufficient condition for movement.
Fish in big spate rivers such as the Dee and Spray, or
groundwater fed rivers such as the Avon, appear more inclined
to move independently of flows than those in smaller spate rivers
such as the Tamar. This could be a function of channel
dimensions under low flow conditions.

- Flow patterns supporting movement seems to be similar to those
maximising angling catch (because catchability is greatest in
moving fish). This is important because if it proves to be a
reliable conclusion, then rod catch statistics may be valuable in
preliminary assessments of in-season flow requirements.

- Whereas river discharge is the variable normally measured, the
proximate factor(s) stimulating movement may be merely
associated with discharge, eg turbidity, colour, suspended solids,
chemistry, velocity. There are still no data allowing separation of
the several variables changing with flow. . Whilst scientifically "
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frustrating this may not matter in practice, providing discharge
bears a constant relationship with the controlling variables.
However, under certain circumstances, such as reservoir release
or pollution, this could break down; it will therefore be of value
to understand the roles and- relative importance of the various
stimuli.

Minimum Acceptable Flows

The consideration of a Minimum Acceptable Flow in the setting of
prescribed or compensation flows below impounding reservoirs, surface
abstractions or regulation schemes, has largely been founded upon
discharge statistics in the UK, applying the concept of a Dry Weather
Flow. Statistics commonly used include fixed percentages of the mean
flow, the 95 exceedence percentile or mean annual minimum low flows.

Attempts to quantify the varied flow requirements of fish have been
relatively rare and confined to the more demanding requirements of
migratory species. Itis generally agreed that a single constant discharge
cannot satisfy the varied annual requirements of migratory fish such as
salmon, and a seasonally varied flow regime is preferred. Baxter (1961)
proposed variable compensation flows below dams based on seasonal
needs of fish in fifteen rivers in UK. His recommendations have been
adopted on several Lothian reservoirs, such as Fruid and Westwater.
Seasonally varying releases are expressed as percentages of the average
daily flow in order to provide adequate flow and bottom coverage for
different sizes of rivers. He considered the minimum flow requirement
to maintain healthy conditions for aquatic life, including the food supply
of fry and parr, could be met by the dry weather flow, subject to a
minimum flow of 12.5% ADF in dry periods. In addition Baxter
suggested that for upstream movement in spring, salmon required flows
of 30-50% and 70% of the ADF in lower/middle reaches and upper
reaches respectively. These freshet releases would need to last for 18
hours only, of which 12 hours would be at the full rate, followed by
6 hours in which the flow was gradually reduced. His
recommendations, though based on extensive fisheries experience have
been criticised as being rather subjective (Fraser, 1975).

Stewart (1969) identified two critical flow bands to maintain a migratory
fish stock, firstly a minimum flow or ’survival’ flow, and secondly ’a
migratory flow band’ to induce and aid salmon migration. Preservation
of this range of flows in which most fish movement takes place is
therefore an important consideration in setting compensation releases
for fisheries. Analyses of five years of fish count data from the Rivers
Lune and Leven in Cumbria, N\W. England led Stewart to suggest a
survival flow of 2.41 MIl/day/metre width of river with migration
commencing at flows of 7.23 MIl/day/metre width reaching a maximum
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at flows of 17.3 Ml/day/metre width of river. Cragg-Hine (1984)
analysing data from fish counters on other North West rivers confirmed
Stewart’s lower range of migration flows. He presents a plot of the
frequency of occurrence of water level with the number of fish moving
at each water level and suggest that fish actually move at flows less than
their preferred flow, but this is still in excess of the modal flow of the
stream. Such analyses of fish count data relate only to the free
swimming stage, and are complicated by the lack of knowledge on the
downstream availability of fish. This problem has also been
acknowledged by Peters et al (1973) and others working with fish
counters.

Fraser (1975) provides a comprehensive review ofthe extensive research
in Western USA and Canada to set flow requirements for fish. The most
widely used of these empirical methods is that developed by Tennant
(1975). In recommending flows as a percentage of the mean discharge
the method is similar in approach to that of Baxter (1961). On the basis
of annual flow as a suitable short term survival flow, and 30% and 60%
of the average for resident salmonids during October to March and April
to September respectively.

Increased recognition of the conflicting interests on important fishing
rivers in USA has led to the development of complex computer
simulation models for assessing ’instream flow requirements’.
Numerous approaches have been developed, and Petts (1984) reports
that in 1980, some eleven different methods were in use in the USA
Fraser (1975) outlines some of these earlier methods eg Oregan method
in 1972. One of the most widely applied simulation models is the
‘Instream Flow Incremental Method’ (IFIM) developed by the Co-
operative Instream Services Group of the U.S. Fish and Wildlife Service
in 1976 and outlined by Wesche and Rechard (1980). The IFIM model
estimates the .relative amount of physical habitat available, or weighted
usable area (WUA) for various life stages of fish under different flow
conditions. Detailed field surveys relate fish occurrences to conditions
of flow namely depth, velocity, substrate and temperature, and flow
preference curves are derived for different life cycle stages.

The IFIM has been applied in several countries outside the USA,
including Canada (Mathur etal., 1985), New Zealand (Scott et al.. 1987),
Australia (Gan & McMahon, 1990), Norway (Heggenes et al.. 1990) and
France (Souchon et al. 1989). The first application in the United
Kingdom was undertaken on the River Blithe in Staffordshire and the
River Gwash in Leicestershire/Lincolnshire (Bullock et al.. 1991). For
this application habitat suitability (preference) curves were derived by
the Institute of Freshwater Ecology (Armitage & Ladie, 1991) and the
Institute of Terrestrial Ecology (Mountford & Gomes, 1991).
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The Physical Habitat Simulation (PHABSIM) software is a key component
of IFIM. Itis driven by field survey information, being a transect-based
method in which the physical parameters are measured at each of a
number of sampling points across each transect within a specified study
reach.

The application of PHABSIM is not appropriate in situations where it is
thought that a parameter other than physical habitat is limiting to
populations of aquatic species. Water quality and temperature are
examples of such parameters.

River Regulation

Most water supply and regulatory reservoirs in Britain are located in the
headwaters and local effects concern chiefly resident and migratory
salmonids.

In the River Tees below Cow Green Reservoir, river regulation
eliminated the daily minimum flows that were less than 10 per cent of
the annual mean. Regulation also caused a marked reduction in the
amplitude of the daily flow maxima and of the water temperature
fluctuations (Crisp, 1977). Stable environmental conditions in the River
Tees below the dam led to an increase in the number of bullheads
(Crisp, 1977). The population density of trout below Cow Green dam
rose by only 40 per cent

In the Afon Clywedog, sudden regulated eroded spawning gravels and
reduce the recruitment success of trout Elliott (1976), Cowx et al.,
(1981) observed that the washout of trout eggs from redds increased
with water velocity.

Even when reservoir releases do not alter the dynamics of fish
populations, angling success may be changed, often many kilometres
from the point of release. Thus, North and Hickley (1977) found that
large scale releases of compensation water from Llyn Clywedog and Llyn
Vyrnwy reduced anglers* catches in the upper and middle Severn Valley,
but increased catches further downstream. Angling success was related
principally to water temperature, with the optimum temperature being
14.9°C in the lower sections and 18 to 20°C in the middle and upper
sections. Flow itself only influenced angling success above a critical
flow, which varied in different parts of the river: approximately 3000,
5000 and 10 000 Ml/d in the upper, middle and lower sections,
respectively (North, 1980).

&4.247.0/WP/CT/3122/NRAEAB.R02



Inter-Basin Water Transfers

In water transfers from the Great Ouse to the River Stour, Suffolk the
fish predator, zander Stizostedion lucioperca was able to survive passage
through high pressure pipes (over 50 m head of water) and to pass
through, or by-pass, an 8mm mesh screen (Guiver, 1976). In Wales,
roach and dace were able to enter Llandegfedd Reservoir despite the
presence of a 0.38 mm mesh over the intakes (Solomon, 1975).

Water supplies received from the Wye and Severn are eventually released
as treated effluent into the river Tame, a tributary of the River Trent.
The volume of treated effluent is sufficient to maintain river levels above
normal. In the 1950’s and 1960*s the Tame contained no fish, but the
qguality of effluent has improved sufficiently in recent years for
populations of roach, dace, bream, chub, bleak and gudgeon Gobio
gobio (Severn Trent Water Authority, 1983).

W ater Abstractions

Low flows over weirs in the River Severn have impeded the upstream
migration of allis shad Alosa alosci and twaite shad Alosafallax to their
shallow, gravel spawning grounds (Claridge and Gardner, 1978;
Aprahamian, 1981). Winstone et al. (1985) assessed the swimming
capacities of different sizes of fish, and calculated the range of flows that
stimulated fish to pass over the weirs. Similarly, Cragg-Hine (1985)
described the practical use of computer simulations in determining the
criteria for water abstractions that will minimise the impact on critical
flow ranges for salmon and sea trout migration.

Reduced flows associated with a natural drought resulted in a loss of
spawning and feeding areas in the River Lamboum, a chalk stream
tributary of the River Thames(Wright and Berrie, 1987). In Candover
Brook, Hampshire, the survival of brown trout was closely correlated
with mean flows in April (Solomon and Paterson, 1980.) These flows,
derived almost entirely from groundwater springs, varied naturally from
year to year. Hence, artificial reduction in flows by direct abstraction
from the chalk aquifer (Rodda et al. 1976) can result in a reduction in
trout population density. Release of pumped groundwater into the
Lamboum improved the habitat by removing silt and encouraging the
growth of aquatic macrophytes which harbour may important fish food
organisms (Wright and Berrie, 1987), In the Gussage stream, Dorset,
which dries up during the summer, groundwater pumping during this
season resulted in a substantial increase in the numbers of trout,
minnow, and stone loach Noemacheilus barbatulus (Furse, 1977).
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Potential Impacts
Potential impacts of river regulation and transfers on fisheries are:

- Flow effects

- Chemical effects
Temperature effects

Species and disease transfer

Significance ofReduced Velocity

Reduced flow has the potential to affect fish communities in several
ways. First, alteration of velocity could in theory at least affect the
balance of habitat favourably for different species. However, it should
also be borne in mind that to a large extent, fish communities are
determined by characteristics of velocity and depth, as determined by
natural gradients and profile of the river channel. Thus for instance, the
fast water loving species trout, grayling and minnow tend to favour the
upper reaches of rivers with gradients in the order of 3-15% (Solbe
1988). Although there is considerable overlap, dace, chub and barbel
tend to characterise middle reaches where there is reasonable flow and
gradients in the order 1-3%. The slow water loving coarse fish species
such as roach, bream, perch and pike tend to favour the deep, slow
flowing lowland rivers where gradients are usually less than 1%.

Within each of these habitat types, there is however a degree of latitude
over which changes in flow could modify the balance of different
species. Thus for instance, young salmon show a preference for
marginally deeper and faster flowing water than do young trout
(Egglishaw & Shackley, 1982). It would not be unreasonable to
anticipate species changes following small alterations in average depth
and velocity. Chub, barbel and dace also tend to show a discrete pattern
of distribution, probably linked to highly specific flow requirements.
Altogether, more information is required on minimum flow
requirements of these apparently sensitive middle zone species. The
deep, slow flow loving communities of coarse fish species tend to exhibit
have relatively low thresholds for dissolved oxygen and for these species
it is probably true to say that velocity is less critical than water depth and

quality.
Migration

Several studies of salmon migration throughout the UK using radio
tracking and electronic fish counters are providing invaluable
information on the relationship between fish migration and river flow.
These studies are aimed at the development of appropriate operating
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rules for abstraction, setting of prescribed minimum flows and the
protection of events such as spates which may be associated with
migration.

River migration in salmon can be split into three identifiable phases
(Milner 1990, Clarke & Purvis 1990, Hawkins et al, 1990). The first
phase involves entry from saltwater into the estuary and appears to be
influenced by flow and water quality of the target river. After entry from
saltwater, fish tend to migrate upstream in short bursts for a period of
2-5 weeks, interrupted by stationary periods of a few days. Movement
occurs predominately at night. There follows a quiescent phase which
may last several months, during which the fish take up ‘lies’, normally
in the middle to lower reaches of the river. The "spawning run" occurs
in Autumn, usually in response to discrete spate flows and results in
mass movement of the spawning population into the spawning
headstreams.

The first and second migratory phases occur throughout the season and
result in accumulation of fish in the angling reaches in the lower and
middle sections of the river. Maintenance of triggering factors for these
initial migrations during the early summer months is therefore essential
for good angling. In small rivers or rivers with low summer flows, there
Is evidence that the spawning population tends to hold up in lower or
tidal reaches for the most part of the season before moving upstream on
the Autumn spates (Cragge-Hone 1985). The third migratory phase or
"spawning run" occurs as a fairly discrete phenomenon, usually
following the first major Autumn spate. This"results in the entire
spawning population moving from lies in the lower or middle reaches,
up to the spawning headstreams. Entrance to the spawning tributaries
Is associated with elevated flows, although it is not clear whether fish are
responding to specific flows or increases in flows- (Webb & Hawkins,
1989).

It can thus be seen that the Autumn run tends to be initiated by high
flows at a time of year when abstraction is unlikely to be a critical
consideration. More critical perhaps in the present context are the
factors that trigger the initial phases of migration from the estuary into
the lower and middle reaches of the river. It is these that determine the
summer distribution of the population through the middle reaches and
are therefore critical to maintaining the angling status of the river as a
whole.

Management of Flowsfor Migration
From the studies so far conducted it is apparent that river systems vary

considerably with respect to critical flows necessary for salmonid
migration. NRA studies on the Tywi, Fowey and Taff have shown that'
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low discharges result in delays in the movement of salmon into the
estuary from saltwater. There is as yet no generally accepted view as to
which features of flow are most important in inducing fish to enter from
die estuary to the river, although some studies have attempted to identify
absolute thresholds. Studies on the Tywi and ADF 3369.6 MI/d, suggests
that the probability of migration from the lower tidal reaches declines as
flows fall below 80% ADF. Studies on the Hampshire Avon (Frake &
Solomon 1989) with ADF is 1736.6 MI/d, show an increasing tendency
for migratory salmonids to remain in lowermost non-tidal and tidal
reaches as flows fall below 65% and 50% respectively of ADF. The
model assumes that absolute flow levels rather than changes in flow are
the most important factor. Studies on other rivers such as the Tamar
(1814.4 MI/d ADF) suggest that increase in flow rather than flow level is
the important factor. On the basis of such observations, Milner (1990)
and Cragge-Hine (1989) draw attention the need to protect spate events.

Minimum flow criteria for abstraction for the Lune-Wyre transfer were
designed around migration and flow characteristics as observed in
Lancashire rivers and on a salmon counter on the River Lune (Cragge-
Hone 1989, Stewart 1969). These suggested that salmonid migration
peaked at flows equivalent to 18 MI/d per metre width of river. The
Lune ADF is 2900 MI/d (33 cumecs) with DWF 240 Mid (2.8 cumecs).
An abstraction regime was implemented which permits maximum
abstraction of 10% of ADF down to minimum prescribed flow of 13%
ADF (365 Mid). Also, as a result of prior fish counter observations
which indicated the importance of small summer spates, an additional
condition was imposed to protect any small spates in the range 680 Mid
to 2045 Mid (23%-71% ADF) which occur during the dry spell May to
October. Subsequent examination of fish counter data has shown that
fish move freely at flows in the specified range.

The above studies suggest that flows in the order 50-60% -ADF are
required to induce significant salmonid movement into the lower river.
Where prescribed flows are reduced below that level, special provisions
may be required to retain spates during the summer period. More
recent work involving radio-tracking is indicating that only flows below
about 1 to 2 times Q% are inhibiting for migration. The differences
between recommendations from different researches has serious
resource implications and needs to be resolved.

Impingement of Smolts on Intake Structures

Downstream migration of smolts occurs during a discrete period,
normally around April/May each year. Migration is greatly enhanced by
elevated flows but evidence from several studies shows that fish will
emigrate even in the absence of spates. Of perhaps greater concern in
the present context is the incidence of smolts becoming trapped in
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poorly sited or designed water intake structures. Section 14 of the
Salmon and Freshwater Fisheries Act requires that artificial channels for
the purpose of water or canal undertaking, shall install an approved
grating to prevent entry of migratory fish. Following concerns that the
legislative provision was being largely ignored and that the screens
presently in existence were of poor design, a recent study was
commissioned by the NRA to assess the situation and make
recommendations.

In the present context, the problem of entrapment of smolts probably
represents a significant impact in certain situations, but one which can
be mitigated through carefiil design and siting of intakes.

Water transfers can affect temperature in two ways. First, through direct
mixing of water at differing temperatures and second, through indirect
changes volume and corresponding in heat absorption and retention
characteristics. The magnitude of temperature changes due to mixing
are considered elsewhere in this report and are generally found to be in
the order of 1-2°C. In extreme cases where for instance, a lowland river
with mean summer temperature of 16°C were to be augmented with
50% borehole water at 10°C, a mean temperature reduction of 3°C
would be anticipated. Equally, an average winter river temperature of
say, 6°C would be expected to increase by 2°C in the immediate locality
of borehole augmentation.

Potential benefits or disbenefits of temperature change to the fishery are
dependent on individual species and their respective response to
temperature.  Fish metabolism approximately doubles with 10°C
increase in temperature within the optimum temperature range. Growth
is affected to a lesser extent due to temperature related decreases in
growth efficiency. Different species exhibit differing temperature optima
and there are also differences within species for growth and spawning.
Salmonids tend to show spawning optima of 2-10°C and growth optima
4-14°C. Cyprinids generally tend to have higher temperature
requirements, with growth optima in the range 8-26°C. Thus for some
species, normal midsummer temperatures may approach or even exceed
the optimum range, such that temperature reduction may be beneficial.
Equally however, increases in summertime temperature in lowland rivers
may benefit the warm water loving coarse fish species.

Evidence of significant changes arising from existing transfer schemes is
speculative, but there have been suggestions that temperature may have
been implicated in fishery changes following the Welsh Dee and Tyne
Tees transfer schemes.
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Water temperature in streams affected by impoundment is modified by
the storage effects and changes in flow regime. Atthe point of release
the main effects tend to be 1) reduction in diet range; 2) depression of
summer temperatures; 3) elevation of winter temperatures; 4) delay of
the annual temperature cycle (Brooker (1981), Edwards & Crisp (1982).
Reservoirs with multiple draw-off levels can be managed to give any one
of a selection of downstream temperatures (Crisp 1987).

Due to the upland location of most impoundments, rivers affected by
impoundments tend to support predominately salmonid fish
communities.  Crisp (1989), showed that due to elevated winter
temperatures immediately downstream of a regulated reservoir, both
salmon and trout show approximately 25% faster development of eggs
and juveniles. Evidence from reservoirs in UK indicates that temperature
effects are greatly reduced within 5km ofthe point of release and are not
detectable 20-30km downstream (Crisp 1987).

Chemical Effects

The sensitivity of fish to water quality is well researched and the levels
of acceptability for a wide range of chemical parameters can be derived
from toxicological studies (Alabaster and Lloyd, Mance). Certain
parameters of acceptability for salmonid and cyprinid fisheries are
embodied in the EC Fish Directive 78/659/EC and were based on the
results of extensive toxicological research carried out in the 1970’s and
1980’s and collated by the FAO/EIFAC Working Parties. Essentially, the
lower thresholds of acceptability for the EC Directive correspond
approximately with the lowest concentrations of substances at which a
measurable deleterious effects would be expected to become detectable
at population level.

For example, in the case of heavy metals the lowest concentration of
detectable effect tends to be in the order of 10% of the acute lethal
concentration (ie, 10% of laboratory 24 LC50). Minimum dissolved
oxygen requirements are given as 5 percentile values. Thus, whereas
salmonids may be expected to begin to show deleterious effects if
exposed occasionally to dissolved oxygen concentrations of 7mg/I,
cyprinid populations may reasonably be expected to tolerate occasional
exposure to concentrations as low as 5 mg/1.

For practical purposes, strategic fisheries assessment can be reasonably
based on half a dozen or so key water quality parameters. The NWC
water quality classification system is based on the parameters oxygen,
biological oxygen demand and ammonia, primarily with respect to
fisheries requirements. The NWC classification also specifies a broad
minimum toxicological specification in EIFAC terms. For present
purposes therefore, a decline in BMWP chemical class status would be
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considered a significant impact. In specific cases where other water
quality criteria appear to play a significant role in determining fish
populations within a BMWP class, more detailed assessment according
to EIFAC criteria may appropriate.

The relative significance of an impact should also take account of
degrees of localisation. For example, where water is discharged from
anoxic zones in reservoirs the outfall may carry high concentrations of
iron and manganese (Crisp & Edwards 1982). These elements form
complexes with colloidal organic material as streamwater becomes re-
oxygenated and therefore tend to settle out immediately downstream of
discharge. Similar effects are apparent in the vicinity of groundwater
discharges from metalliferous strata. Although there are indications that
such effects may severely affect the survival of salmonid eggs over a
short distance, impacts on the well being of salmonids in the river as a
whole may be quite small.

Disease Transfer

Fish disease controls are presently under review in order to meet the
requirements of the EC Fish Health Directive 91/67 which came into
force inJanuary 1993. This provides a framework of controls to prevent
spread of fish and shellfish diseases within the single European market
and from third countries. As part of this framework, Member States may
seek to obtain "approved zone" status for areas free from List | and Il
fish diseases. Fish Introductions will then only be allowed into zones of
equivalent health status.

Approved zone status is allocated on a catchment basis and since at the
present time, Britain enjoys approved zone status for List | and Il
diseases, fish farms can export live fish freely within the EC. Inter
catchment transfer schemes would become an issue in the event of an
outbreak of a listed disease in one catchment, which would automatically
preclude approved zone status for export from all other connected
catchments.

Of the various fish diseases caused by viruses, bacteria, protozoa and
parasitic crustacea that presently occur in Britain, there are some 50 or
so diseases that the NRA considers to be of sufficient importance to both
the recreational fisheries and fish farms, to justify special measures to
prevent movement of fish from one water to another. These can be
classified into four categories, according to the level of incidence at
which authorization for transfer is withheld under the Section 30 of the
Salmon and Freshwater Fisheries Act, 1975.

H4.247.0/WP/ET/3122/NRAEAB.R02
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Category A is comprised of nine diseases which are notifiable to the
Ministry of Agriculture under the Disease of Fish Acts, 1937 and 1983.
When detected at any level, category A diseases constitute ground for
immediate isolation and treatment where practical. There are 10
Category B diseases which although not covered by the above statute, are
nevertheless considered by the NRAto be of sufficient health importance
to prevent movement of fish into waters that the specific disease does not
exist. In such cases, detection at any level would normally constitute
grounds for a Section 30 refusal of a movement permit, unless the
receiving water also contains the disease.

Categories C and D are more flexible but problematic in the present
context, since the decision to allow movement from one water to another
IS not based simply on presence or absence, but on relative degree of
incidence. Categories C and D include 19 diseases for which fish
movement is restricted if the disease is found to be present in a donor
fish population at a specified level of infection. Criteria for acceptability
range from the disease being reaclily noticeable in the case of category
C, to causing severe debilitation in the case of category D diseases.

In the present context, thresholds of significance with regard to water
transfer will depend on mere presence or absence in some cases. In
others however, the relative disease status of a particular catchment will
influence the impact acceptability of a water transfer. Because Category
A diseases are covered by Statute, any risk of introduction from an
infected donor water would automatically rank as highly significant
impact. Restrictive actions for disease categories B, Cand D however are
presendy based on NRA policy alone. These therefore offer scope for
some flexibility in policy direction, subject to a thorough assessment of
the relative economic importance of individual diseases, and their
respective levels of risk. L

84.247.0/WF/ET/J)122/NRAEAB.R02
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Summary

The key findings of this review are:

Interbasin transfers are common throughout the world and have
been implemented on a scale far greater than anything proposed
in the UK

The key issues identified in the literature relate to: scale (larger
scale = higher risk); appropriateness (alternative strategies which
obviate the need for transfers must be considered); integration
(the quality and quantity implications of all projects must be
assessed in an integrated way).

Both the high flow, medium flow, and low flow regimes play
important roles for different elements of the aquatic environment.

The high flow regime is important for "flushing” silts and
sediments through the river system and into estuaries. High flows
are important triggers for migratory fish and influence the extent
of saline intrusion up a tidal river.

The medium flow regime defines the “"climate" to which the
aquatic environment is adapted. Significant changes, particularly
to the seasonality and variability of flows may cause unexpected
changes to the aquatic ecosystem.

The low flow regime is crucial, both in maintaining a survival flow
for depth sensitive organisms such as fish, and for maintaining
adequate dilution of effluents influencing water quality.

Despite a recent growth in research, the complex interactions
between flow regimes and aquatic ecology are poorly understood.
The habitat preference curves used in the Instream Flow
Incremental Methodology are starting to provide a rational basis
for setting minimum environmentally acceptable flows, but the
methodology has a long way to go before seasonal flow changes,
water quality and aquatic ecology changes can be fully correlated
and assessed.

Provided a water resources scheme is operated so as to maintain
a quantity and quality regime which is set with reference to
natural conditions, then a healthy aquatic environment can be
maintained. The key yardstick for acceptable changes to existing
flow regimes appears to be to maintain the existing natural
seasonality, variability, frequency of low flows and timing of
spates.

M.247.0/WP/0OT/3122/NRAEAB.R02
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There is no generally recognised method for setting minimum
"hands off' prescribed flows in rivers or minimum residual flows
to estuaries. However, given that most discharge consents are
made with reference to an existing low flow statistic, usually Q*,
then a prescribed flow above this value seems sensible. There is
still controversy about appropriate mrf for estuaries to protect
salmonid migration. Proposals range from 1to 2 times Q% up to
50% of mean flow.

Given the complexities of predicting the changes to an entire
aquatic ecosystem, a pragmatic approach is to maintain acceptable
conditions for a sensitive target indicator species whose
requirements are well understood. This is usually taken to be
salmonid fish or flowing water cyprinids. The philosophy is that

the presence of these species is an indicator of a healthy aquatic
environment.

There are inherent risks in transferring large quantities of water
into adjacent catchments, which relate to: biological integrity;
subtle chemical alterations; transfer of pathogens and diseases;
transfer of predatory species; "fingerprinting” confusion for
migratory salmonids. Particular risks are associated with transfers
from the downstream ends of large lowland rivers into the
upstream end of upland or middle order reaches, due to
disruption of the nutrient cycle.

The similarity between the donor and recipient stream of an
interbasin transfer is a vital factor in determining its ecological
effect.

Biota are highly sensitive to changes.in:. _

Water quality;
Hydrology;
Substrate.

These are all influenced as a result of interbasin transfers.

As a result of the transfer of biota between catchments and rivers,
and the factors above, the ecological integrity of many rivers
influenced by transfers is under threat.

The scale of impact of a scheme is likely to reduce downstream
and is unlikely to have any ecological effects once the catchment
area of the impoundment is less than 35 per cent of the total
drainage area.

&4.247.0/WP/0OT/3122/NRAEAB.R02
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- The magnitude and frequency of discharges into recipient streams
may have serious implications for small streams.

- Further research is needed into interbasin transfers within the
U.K. to identify the specific ecological effects.

- For fisheries, the key factors affecting populations are: changes
in velocity; loss of spates/freshets; changes in habitats; changes in
temperature regimes downstream of reservoirs; quality changes;
introduction of new species or disease risk. All these factors
require site specific data.

Ref: 84.247.0/WP/CT/3122/NRAEAB.R02
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Introduction

There is already significant experience of major river regulation,
augmentation and transfer schemes in the UK The perceived and
measured actual impacts of these schemes can provide valuable
information on the range and severity of impacts under UK conditions.
Experience of operating such schemes over several years also identifies
opportunities for mitigation of impacts and environmental enhancement.

The construction and operation of water transfer schemes have wide
environmental implications, but the principal potential impacts concern
the ecology and biological integrity of the donor and recipient river
systems. Although there has been a marked increase in the last decade
in theoretical literature concerned with the ecological effects of river
regulation (e.g. Hellawell, 1988; Boon, 1988; Mann, 1988; Gore and Petts,
1989) and river impoundments (e.g. Petts, 1984; Sherrard and Erskine,
1991), there is little hard evidence of the effects of changes in flow on
biota and ecosystem functioning. The relationships between river flows,
groundwater levels, wedand habitats and aquatic ecology are highly
complex, and population responses to flow alterations remain difficult
to predict. There have, moreover, been few studies ofthe specific effects
of catchment transfers, and no environmental audits of transfer schemes
have been carried out in the UK

The literature review in Appendix B summarises the state of knowledge
concerning theoretical and measured impacts of river regulation and
inter-basin transfer from around the world. The range of
environmentally damaging impacts which could occur is vast. But at the
level of strategic assessment undertaken in this Study, there is a need to
focus on those key potential impacts which have a real risk of occurring
by examining the experience of existing UK schemes. These key issues
can then be used as a first screening of options prior to detailed EIA.

M.247.0/WP/OT/3122/NRAEAC.R02
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Evidence from NRA Regions

The NRA identified 29 schemes covering all of the 9 regions, where there
had been a significant impact on the flow regime. Asummary of the 29
schemes is presented in Table 1. The majority (21) are river regulation
schemes, 6 involve groundwater augmentation, and 4 involve transfers
of raw water (note that 3 are multi-component schemes). As part of the
present study, The regional water resources managers were requested
to prepare brief summary sheets describing the measured and perceived
impacts of each scheme.

The summary sheets sent in by the NRA Regions are included in
Appendix F. Table 2 summarises the important environmental impacts
identified for existing UK schemes. It is worth noting that very little
post-scheme evaluation has been done, even in the regions with major
transfer schemes such as Anglian.

M.247.0/WF/ET/3122/NHAEACR02



TABLE 1: SCHEDULE OF SOURCES FROM WHICH SIGNIFICANT

No Source Region
1 Kielder N/ZY
2 Cow Green N/ZY
3 Lune/Balderhead N/ZY
4 Vymwy ST
Ref: 84.247.0/WP/ET/3122/NRAEAC.R02

Scheme
Type ¢

R/T

Date of
Implementation

1982

1971

1965

1891

TRANSFER/REGULATION RELEASES ARE MADE
(i.e. Significant Impact on Natural Low Flow Regimes)

Description

The Kielder Reservoir regulates the rivers North Tyne and Tyne. The yield is
900 Mid with a compensation flow of 114 Mid. In addition, water is
transferred from the river Tyne at riding Mill southwards to the river Wear at
Frosterly and river Tees at Egglestone via a 33km long tunnel with a capacity
of 300 Mid for the Wear and 270 Mid for the Tees. This tunnel is mainly
used to regulate the Wear to a minimum maintained flow of 2m3/s during dry
summers.

Cow Green Reservoir regulates the river Tees and supports the abstractions
at Broken Scar and Blackwell. Compensation release 38.6 Mid. Scheme
results in MMF rising from 45-5 Mid to 127.3 Mid.

Lune and Balder reservoirs on two tributaries of the river Tees and have two
objectives: partly increase the direct supply yield and partly support an
increased abstraction from the Tees at Broken Scar. Regulation is generally
in wet autumns or springs when there is surplus capacity in the Lune/Baider
and insufficient water in Cow Green Reservoir. The only other use of the
scheme is when there is insufficient time to release from Cow Green to the
abstraction points.

Vymwy reservoir is designed to supply Liverpool but also forms a part of the
River Severn Wales Resources/Supply System together with the Shropshire
Groundwater & Clywedog Reservoir schemes. Typical regulation release
including compensation of 45 Mid is 80 Mid via River Vymwy into the River
Severn river regulation during drought periods for 80 to 120 days.



No

Ref:

Source * Region
Clywedog ST
Carsington ST

>

Shropshire ST
groundwater

augmentation

\

Elan Valley W

River Usk reservoir w

84.247.0/WP/ET/3122/NRAEAC.R02

Scheme
Type *

R

R/T

Date of
Implementation

1967

1992

Phase | 1984
Phase 11 1992
Unknown

19th Century to
1980s

Description

Clywedog Reservoir is used to augment the flows in the River Severn (along
with Shropshire groundwater and Vymwy Reservoir schemes). Average flow
in the Severn at Bewdley for 5 consecutive days maintained at not less than
850 Mid subject to maximum reservoir release of 500 Mid.

Carsington Reservoir forms part of Severn Trent’s supply strategy. Carsington
is a pumped storage reservoir on Scour Brook, a tributary of the River Dove.
Apart from a small natural catchment, the inflow is pumped from the River at
times of high flow. Water stored in the reservoir can then be returned to the
River Derwent to support abstractions or transferred to Ogston Reservoir.

Scheme comprising 8 phases to augment flows in the River Severn during
drought periods. The Severn is primarily augmented during dry periods by
releases from Clywedog Reservoir, however, in drought periods water is
pumped from groundwater. Total gross yield 330 Mid when completed.
Gross yield of phases | and Il is 105 Mid.

Elan Valley reservoirs consist of Claerwen, Dol-y-Mynach, Craig Goch or Pen-
y-Garreg, and Caban Coch. Compensation releases of 68 Mid are maintained
from Caban Coch but no compensation releases are made from the other
dams upstream. Regulation releases are made to augment the flow in the
River Wye to maintain 1210 Mid at Redbrook. The maximum releases from
the Elan Valley reservoirs is 232 Mid (68 Mid compensation and 164 Mid
augmentation) or 204 Mid depending on the storage situation. Caban Coch
is used for hydro-power.

Complex conjunctive use scheme involving the regulation of the River Usk
using Usk Reservoir for direct supply to support downstream abstraction.
The reservoir is used to maintain a minimum flow of 227 Mid downstream of
the abstraction point. Also below a prescribed flow the reservoir used on a
"put and take" basis to match the abstraction. Operating rules of this scheme
still subject of discussion between Welsh Water and the NRA.



No

10

11

12

13

Source Region
Llyn Briarine W
Llys-y-Fran W
River Brenig W
Celyn W
1

i

1

t

»

>

B4.247.tl/WP/er/3J22/NRAEAC.R02

Scheme
Type *

R

Date of
Implementation

Unknown

Unknown

Unknown

Description

liyn Brianne Reservoir used to regulate the River Tywi to support down
stream abstractions at Manorafon and Nantgaredig. The reservoir provides a
continuous compensation flow of not less than 68.19 Mid. The residual flow
at Nantgaredig Is not allowed to fall below 136.38 Mid. The abstractions at
Manorafon and Nantgaredig cannot exceed the quantity released from Llyn
Brianne Reservoir in the previous 24 hours when the natural flow is 681.9
Mid or less at Nantgaredig and/Zor 377.3 Mid or less at Manorafon.

Water is transferred from Pont Hywel on the Eastern Cleddan to Prescelly
Reservoir on the River Syfynwy. Natural overflow and compensation releases
pass from the Prescelly Reservoir downstream to Llys-y-Fran Reservoir.
Releases from Llys-y-Fran Reservoir are used to support abstraction at
Canaston Bridge and maintain minimum residual flow at Canaston Weir of
68.2 Mid. In addition, Llys-y-Fran also provides a constant compensation
release of not less than 13-638 Mid and Pont Hywel has a "hands-off' flow of
4.546 Mid. Llys-y-Fran is also used for hydro-power.

N/A

A series of reservoirs in the upper River Dee catchment which are used to
support abstractions downstream. Reservoirs include: Llyn Celyn, Llyn
Tegid, Alwen and Llyn Brenig. Compensation releases made from all these
reservoirs to support fisheries; maintenance of water quality; mitigating
flooding & supplying BWB. Llyn Celyn and Alwen Reservoirs are used for
hydro-power.
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14

15

16

Refr

Source

Lancs. Conjunctive Use

Aire groundwater

Itchen groundwater

84.247.0/WP/ET/J122/NRAEAC.R0]

Region

NW

Scheme
Type *

R/G/T

Date of
Implementation

1979

1982783

1976

Description

Complex conjunctive scheme involving river regulation, transfers and
groundwater. Water transferred from the River Lune up to a maximum of
280 Mid to the River Wyre via 6.848km of 2.6m diameter pipeline, 5.2km of
1.8m diameter pipeline, and 0.7km of 3m diameter tunnel, to support
abstractions on the River Wyre. The scheme also includes 41 boreholes to
provide a maximum of 195 Mid into direct supply and use of existing upland
reservoirs at Stocks and Bamacre.

This scheme is located in the upper reaches of the River Itchen to the east of
Alresford. Consists of 4 boreholes connected by pipeline to two discharge
points on the River Aire. The boreholes have combined design yield of

56 Mid with net yield approximately 45% of this figure. Expected to be
operated on average one year in seven when the flow at Allbrook drops
below a prescribed amount. Scheme has been tested in 1989 and on a
number of occasions but is it not yet officially licensed.

Scheme consisting of six deep boreholes in three pairs drilled into the chalk
at Axford, Bradley and Preston to support downstream abstractions at Gaters
Mill on the outskirts of Southampton. These sites are about 3 to 4km
upstream of the perennial head of the Candover Stream, a tributary in the
Upper Itchen catchment. Each borehole has a design yield of 27 Mid. The
boreholes are connected by pipeline to two river discharge points at
Northington Village. The scheme is operated when flow in the River Itchen
at Allbrook gauging station falls below the prescribed flow. This varies
throughout the year, with a minimum of 239 Mid in the summer months.
The flow in the Candover Stream is monitored at Borough Bridge gauging
station. The QX of the Itchen at Allbrook is 254 Mid.



No Source Region Scheme Date of Description
Type* Implementation

17 Ardingly S R 1978 Ardingly Reservoir forms the main part of this scheme which provides
augmentation releases to support downstream abstractions at Ardingly and
Barcombe, via Shell Brook, under low flow conditions. During high flows
the reservoir is filled from the Ouse. A minimum flow of 18.2 Mid is
1 maintained at Barcombe. In addition, augmentation releases are made when
flow in Shell Brook drops below 0.9 Mid and/or flow in the River Ouse
drops below 13.6 Mid. The Q,, at Barcombe is 32 Mid.

18 Bewl reservoir S R 1968 Bewl Reservoir on the upper reaches of the River Teise, a tributary of the
River Medway, forms the main part of this scheme. The scheme is designed
to provide additional water for direct public supply and support downstream
abstractions, and regulate the river under low flow conditions. Under high
flow conditions in the River Teise, normally in winter, water is transferred
using Smallbridge Pumping Station via a pipeline to Bewl Reservoir. When
the flow drops below a prescribed rate at Teston Weir on the River Medway,
water is released from Bewl into the Rivers Bewl/Teise/Medway to augment
the river flow. Maximum augmentation is 65 Mid. The Qw at Teston is
125 Mid.

19 Wimbleball SW R 1978 Wimbleball Reservoir on the River Haddeo in the upper Exe catchment is
used for direct supply via a pipeline to Maundown. In low flow periods
releases are made from Wimbleball to maintain 273 Mid at Thorverton
gauging station. Compensation flows 9.1 Mid.

84.247.0/WP/ET/3122/NRAEAC. R02
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20

21

22

23

Ref:

Source

Roadford

Colliford

Ely-Ouse/Essex

G*rafham

84.247.0/WP/ET/3122/NRAEAC.R02

Region Scheme

Type *
SW R
SW R
A T/G
A R

Date of
Implementation

1989

1984

1970s?

Description

Roadford Reservoir forms the centre piece of a complex river regulation
scheme. The scheme operates in conjunction with abstractions from the
rivers Tamar, Tavy, Dart, Torridge and Taw, as well as Burrafor and Meldon
reservoirs. During wet periods water is abstracted directly from rivers and
smaller reservoirs. During dry periods Roadford Reservoir water is
transferred outside the catchment by pipeline north to Torrington and
released directly into the river Tamar to support public supply abstractions.
In addition, water is transferred from the Tamar to Uttlehempston on the
river Dart.

Colliford Lake is used for direct supply to De Lank and St Cleer WTWSs and
for augmentation of the St Neots River and the River Fowey to support
abstraction at Restormel. Colliford Lake is used in conjunction with Silybeck
Reservoir. Frequency of operation dependant on prescribed flows in the
rivers Fowey and De Lank, and the Withey Brook.

This scheme involves the transfer of up to 228 Mid from the Ely Ouse to the
River Stour via a 20km long 2.5m diameter tunnel to Kennet Pumping Station
and a 14.3km long 1.83m diameter pipe to Kirtling Green outfall. Water is
them pumped from the River Stour at Wixoe through a pipeline 1.68m
diameter 6.3km into a storage tank and gravity fed into the River Pant. Water
is then transferred downstream on the River Pant at Langford to Hanningfield
Reservoir. Water is also transferred from the River Stour at Stratford St Mary
to Abberton Reservoir and from the River Colne to Ardleigh Reservoir.

N/A
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24

25 i

26

27 ,

A el

28 '

—_—— e ——

29;

i
1
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Source

Trent/Witham/
Ancholme

Rutland/Grafham

Great Ouse (& others)
groundwater
augmentation

Great Eau/Louth
Navigation/Water Beck

W. Berkshire
groundwater
augmentation

Wylye groundwater
augmentation

B4.247.0/WP/ET/5122/NRAEAC.R02

Region

Scheme
Type *

T

R/T

Date of
Implementation

?

1994

1970

1976

1975

Description

Abstraction from the River Ancholme supported in low flow periods by
pumped transfers from the Lower River Witham via a 1200mm diameter
pipeline. The River Witham is in turn supported in low flow periods by
pumping from River Trent into Fossdyke Canal. River Ancholme regulated up
to a flow of 118 Mid (79.5 Mid public supply and 38.5 Mid to maintain:
existing demands; navigation; fishery; and environmental considerations).

N/A

Groundwater scheme with boreholes in the chalk aquifer for public supply
and river flow augmentation under low flow conditions. River augmentations
by 6 boreholes and supply pipelines.

Transfers from River Great Eau via 36 inch diameter pipeline to Louth
Navigation and off take to Covenham Reservoir. The water levels in the
Louth Navigation and Waith Beck are controlled by raising or lowering weir
gates at Tetney Lock. Scheme supplies 72.7 Mid to consumers on the
Humber Estuary.

32 Boreholes grouped into 7 wellfields joined by 89km of pipeline to 4 major
and 23 minor outfalls on the following rivers in west Berkshire: river Pang,
river Lamboum, river Enborne, Foudry Brook, river Loddon. Maximum
reliable yield 130 Mid with about 85 Mid after prolonged pumping.

Groundwater scheme comprising 7 boreholes to provide river compensation
flows in the upper Wylye catchment. Discharge is via short pipelines to the
river.



No

30

Key:

Ref:

Source Region Scheme

Type ¢
Malmesbury/Avon River  Wx G
groundwater

augmentation

R * River Regulation

G - Groundwater augmentation
T - Transfer

N/A - Not available

84.247.0/WP/ET/3122/NRAEACR02

Date of
Implementation

1981

Description

Groundwater scheme comprising 8 boreholes to provide river compensation

flows in the upper Avon catchment.

10

Approximate augmentation of 8 Mid.



TABLE 2: SUMMARY OF IMPACTS OF EXISTING UK SCHEMES

REGULATION BY IMPOUNDMENT

POSITIVE

Geomorphology

Water Quality

Capability to release water to purge

'system in cases of pollution incident

Welsh Uys-y-Fran

Possible improvement at times of
low flow due to reservoir releases
Southern River Medways Scheme
1
1
t

84.247.0/WP/ET/J122/NRAEAC.R02

Fisheries

Increase in fine organic materia]
increases input to food chain
Welsh: Llys-y-Fran

Increase wetted width provides
juvenile habitat downstream during
dry summers and increase
movement of adult returning fish
Welsh: Llys*y-Fran

Welsh: River Tywi SW Wimbleball
Reservoir

Creation of high quality put and
take fishery
Welsh River Dee Regulation

Temperature change benefits dace
Welsh: River Dee Regulation

Small capacity for fisheries releases
(freshets) depend on operational
constraints

Agquatic Ecology

General enhancement of flows can
be beneficial
SW: Roadford Reservoir

11

Terrestrial Ecology

Reservoir forms valuable wetland
habitat for wildfowl in areas
deficient of such habitat

Welsh: Uys-y-Fran Scheme

Recreation/Navigation

Controlled releases benefits
canoeing
Welsh: River Dee

Reservoir provides recreational
opportunities for watersports
SW Wimbleball Reservoir
Severn-Trent: Clywedog
Reservoir

VAmwy Reservoir

Small amenity benefit due to
releases

Southern River Medway Scheme
(benefits for the Bewl and Tuse)



NEGATIVE

Geomorpbology

Water Quality Fisheries

pH stratification due to thermal
stratification. Acidification of surface
water, low pH, low diss calcium,
high Al

Moderate temperature regime
Northumbria and Yorkshire

Kielder and River North Tyne
Severn-Trent: Carsington Reservoir
Welsh: River Dee

Welsh: Elan Reservoir

Welsh: Usk Reservoir

Welsh: Tywi Scheme

Severn-Trent: Clywedog Reservoir

Sedimentation of iron and
manganese rich precipitates in/on
sediment immediately downstream
of reservoir

Welsh: Tywi Scheme - impact for
3km d/s

Precipitation of humic material d/s
due to inadequate removal of lake
floor soil

84.2-t7.0/WP/ET/3122/NRAEAC. R02

Aquatic Ecology

12

Terrestrial Ecology

Recreation/Navigation



NEGATIVE
Geomorphology

Increased scour
below Dam

Compaction of
gravels
Northumbria and
Yorkshire
Kielder Reservoir

Bel:

Water Quality ilsherles

Increased phosphate and nitrate
inputs from ag. sources around
reservoir becomes meso/eutrophic

Llys-y-Fran River Regulation Scheme
South West Colliford Reservoir

Increased organic loading resulting
from algal blooms (see above) and
fish rearing

Welsh: Llys-y-Fran

Decrease in DO cons of sediments
immediately downstream of dam due
to settlements of detritus from fish
farms and algae

Welsh: Uys-y-Fran

Implications for effluent dilution and
long term quality objectives
Welsh: Uys-y-Fran Scheme

Temperature decrease due to
i release of colder water from bottom
of thermally structified reservoir in
esummer months. Delays in outset of
temperature rise in spring
' Increased temperature in spring
'Welsh Tywi Scheme (R) up to 15c
>difference between epilimnion and
,hypolimnion, effects for less than
36km
iWelsh: Usk Reservoir

84.247.0/WF/ET/M22/NRAEAC.R02

Aquatic Ecology

13

Terrestrial Ecology

Recreation/Navigation



NO IMPACTS
Geomorphology

Welsh Elan and Usk
Northumbria and
Yorkshire

Cow Green
regulation

POSITIVE

Geomorphology

Kef:

Water Quality

Water Quality

8-1.2V7.0/WP/ET/3122/NAAEACRO2

Fisheries

Fisheries

Additional opportunities for angling
Anglian Trent-Witham-Ancholm
Scheme

Enhancement of flows and possible
encouragement of fish to penetrate
further into the system earlier in the
year

SW Exe/Tamar transfer via River
Mole

Aquatic Ecology

Agquatic Ecology

Opportunities to flush blanket weed
during dry periods
Anglian

improvements through maintenance

of flows through drought
Anglian

14

Terrestrial Ecology

Terrestrial Ecology

01

Recreation/Navigation

Recreation/Navigation

Controlled releases for leisure
activities especially canoeing
Anglian



NEGATIVE
Geomorphology

Increased erosion
necessitating channel
improvement works

Transfer of water
with potentially more
silt than recovering
water course
Anglian: Trent-
Wilham-Ancholme
Schemes

Reduced channel
capacity at times of
significant weed
growth leading to
flooding

Kef:

Water Quality

AJgal rich water to low algae river
Anglian; Ely-Ouse-Essex Scheme

Rapid changes in chemistry and/or
temperature particularly if
augmented by ground or surface
water

Anglian

Transfer of disease (sugar beet
rhizomonia, potato eelworm)
Anglian: (perceived)

DO sag and anaerobic conditions
resulting from water trapped in a
system when no transfer occurring

Setting of discharges becomes a
problem what happens if do and
water is not available

Anglian

I-4.247.0/WI*/tn7j 122/NRAEAC.BQ2

Fisheries Agquatic Ecology

Effects due to angling by high
sustained flows
Anglian-Ely-Ouse-Essex Schemes

Effects on spawning by high
pumping rates (esp. March-June)
during cyprinid spawning season
Anglian

Clear/turbid conditions affect fish
behaviour and angling
Anglian

Standing in supported tributaries
when transfer switched off
Anglian

Transfer of alien eggs/larvae fry etc
eg zander
Anglian N. West Lancashire

Conjunctive use scheme
introduction of dace from Lane to
Wyre

Significant effects on fish
populations
Anglian R. Bum

Fluctuating water levels affecting
angling
Anglian

Requirement for fish pass and
training works at abstraction point
weir

NW Lancashire Conjunctive Use
Scheme
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Recreation/Navigation



POSITIVE

Geomorphology

Ref:

Water Quality

Better flows, increased dilution:

Anglian's

Lodes-Grantes Scheme

South W. Maimersby

Avon River Regulation Scheme

Better quality (in general)

Thames: West Berkshire
groundwater scheme
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Terrestrial Ecology

Recreatlon/Navlgatioo

Amenity consolidated
SW Upper Wyelye River
Regulation Scheme

Enhanced low flows
Thames: West Berkshire
Groundwater Schemes



NEGATIVE

Gcomorphology Water Quality

Anglian Low dissolved water
Severn Trent
Shropshire Groundwater Scheme
Lower temperature
Shropshire Groundwater Scheme
Increased iron/manganese
Construction impacts

NO IMPACTS
Geomorphologv Water Quality

Southern ltchen Southern Itchcn Groundwater

Groundwater

Kef: flvV247.0/WP/ET/3122/NRAEAC.R02

Fisheries

Reduced temperature effects fish
growth and reproduction

Severn Trent Groundwater Scheme
Flow charges reduced salmon
migration to estuary and upstream
Severn-Trent: Shropshire
Groundwater Scheme

Angling affected by high turned
flows

Effects of high pumping sites during

cyprinid spawning stream

Fish attracted into supported

tributaries and subsequent stranding

when pump stops

Nitrogen gas giving fish the bends

Fisheries

SW: Malmersby Groundwater
Scheme

SW: Upper Wyelye River Regulation
Scheme

Aquatic Ecology

Loss of macro invertebrates
SW Upper Wyelye River Regulation
Scheme

Aquatic Ecology
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Terrestrial Ecology

Recreation/Navigation

Recreation/Navigation

Thames: West Berkshire
Groundwater Scheme

SW Malmersby Avon River
Regulation Scheme
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Impacts of Selected Existing UK Schemes.

For the majority of schemes, inadequate information exists to make a
balanced assessment of the key environmental implications. But for six
schemes, covering the range of components which are assessed in detail
in the National Water Resources Strategy, there is sufficient information
to identify the key impacts.

Although there are currently five river transfer systems in operation in
the country, only two of these, the Ely Ouse to Essex and the Kielder
reservoir scheme, have sufficient environmental monitoring data to
justify their inclusion. The remaining schemes in the analysis involve
groundwater abstraction and reservoir storage for river regulation to
support abstraction, both of which are potential components of an
inter-regional transfer system. The six projects illustrate the range of
ecological impacts discussed in the theoretical literature, and provide an
indication of the significance of the key impacts and measures for their
mitigation.

Ely Ouse to Essex Transfer Scheme

Concern that development in the South Essex region would lead to a
shortfall in water supplies in the 1970’s led to the promotion of a
scheme to transfer surplus water from the Ely Ouse to the headwaters
of the Essex rivers, under the Ely Ouse-Essex Water Act of 1968. River
flow which would otherwise discharge directly through King’s Llyn to the
Wash is impounded in the Cut Off Channel by sluices at Denver, and
flows in a reverse direction to be drawn off into a 20km concrete lined
tunnel at Blackdyke. Water is then pumped through a 14km long
pipeline to discharge to the headwaters of the River Stour. Part of the
additional flow is drawn off downstream and pumped over further
watersheds to the Rivers Colne and Blackwater. The transferred water
iIs ultimately stored in two surface reservoirs, both of which had
under-utilised capacity prior to the implementation of the scheme. The
total transfer distances from Denver to the Abberton and Hanningfield
Reservoirs through aqueducts and upgraded river channels are 141km
and 148km respectively. For about two-thirds of this length use is made
of existing watercourses.

The large additional flows generated by the transfer scheme have created
very significant environmental impacts on the River Stour and
Blackwater. Some 16km of each river channel below the outfalls have
been ’improved’ to accept the increased flows by widening and
deepening certain reaches, and enlarging waterways through bridges and
mills. In addition, ten new automatic control gates were constructed on
the Stour, and one on the Blackwater, despite which there is evidence of
erosion and scour around the outside of bends and in-parts of the river

A4.247.0/WP/ET/3122/NRAEAC.R02

18



Refi

beds (Carling, 1988). Periods of high sustained flow occur in the
summer transfer months, when natural flows would be at a minimum,
which may effectively prevent angling and river maintenance work from
taking place. Atother times, flow rates and water levels fluctuate rapidly,
in association with operational changes in the rate of transfer and testing
of the pump system. Although the operation of the control structures is
designed to reduce the impact of variations in water level, appropriate
gate openings cannot always be ensured during periods of rapid and
frequent flow changes. Spatial variations in rainfall across the region,
and the unpredictability of summer thunderstorms, have also created
local flooding problems due to the coincidence of heavy rainfall and
high pumping rates.

The principal impact on water quality is the transfer of the algal rich
waters (especially Stephanodiscus) of the Ely Ouse to the Essex rivers
headwaters, where algae levels are naturally low. This produces brown
discolouration and turbid water conditions. Nutrient concentrations are
also lower in the receiving watercourses than in the imported flow.
Under severe drought conditions the scheme enables groundwater from
the chalk outcrop in the eastern part of the Great Ouse basin to augment
the transferred flows, which introduces clear water with a different
chemical composition and lower temperature into the system. When the
scheme is not in operation, water trapped in the pipeline system rapidly
becomes deoxygenated, and oxygen sag and anaerobic conditions may
result during the initial period of subsequent transfer. This is mitigated
to an extent by periodic flushing releases when regulation is not
required (Jackson and Bailey, 1978). The scheme provides a potential
for organic pollution or pesticide contaminated water to be transferred
into the receiving rivers, and MAFF have expressed concern about the
possibility of transferring sugar beet rhizomania from beet factory
effluents discharged to the Ely Ouse. Guiver (1976) reported a serious
incident of pollution in the River Stour caused -by-the -transfer of
herbicide accidentally released into the Ouse. On the other hand,
contamination from a discharge of liquid ammonia inthe same river was
satisfactorily treated by diverting extra water through the transfer to flush
out the chemical. Similarly, short term high rate transfers are used to
control the accumulation of blanket weed as part of the regular channel
maintenance programme.

Scouring and bank erosion in the headwaters of the recipient rivers (Roy
and Messier, 1989), and the reduction in light intensity arising from
discolouration due to algal seeding, have led to macrophyte loss and
assumed consequential damage to the aquatic ecosystem, particularly to
invertebrate communities (Wright et al., 1992). Boon (1976) found that
populations of Gammarus were markedly reduced following an increase
in flow caused by an experimental release of Ely Ouse water into the
River Colne at atime of heavy rainfall. However, details of the ecological
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Impacts, particularly the responses of invertebrates to chemical quality
changes, have not been documented to date. High transfer rates have a
direct impact on the ability of cyprinid fish to spawn successfully, since
the main transfers coincide with the March to June spawning season
(Cowx et al, 1984). Rapid changes from clear to turbid water
undoubtedly influence fish behaviour, although the impacton population
levels has not been quantifiable from routine three year fishery survey
programmes. There is considerable concern about the possible transfer
of alien organisms from the Ouse, which may alter species composition
or cause subtle changes in the genetic constitution of species groups in
the recipient waters (Boon, 1988). Davies et al. (1992) discuss the
potential adverse impacts arising from the inter-catchment transfer of
macroinvertebrate species. Predator-prey relationships are also
influenced by such transfers; the fish predator, zander Stizostedion
lucioperca, formerly absent from the Essex rivers, is now resident in the
River Stour (Guiver, 1976). Impacts on fish have also arisen as a result
of the intermittent cessation of flow support to minor tributaries, which
has caused occasional minor fish Kills.

The impacts on the amenity interests of the receiving rivers are variable.
During steady summer releases navigation is improved, but high
velocities and fluctuating water levels are detrimental to river craft.
Controlled releases are beneficial for canoeing, but rapid level changes
pose a risk to children enjoying water based activities. Temporary
shutdowns of the pumping system have led to the drying out of the
upper reaches of the River Stour (Kittling Brook) causing a smell
nuisance, and allegedly impacted on the nesting success of ducks and
kingfishers.

The potential impacts of the abstraction on the Ely Ouse below Denver
are to a large extent mitigated by the imposition of minimum residual
flows which are required to be passed downstream to the tidal estuary.
A higher minimum flow is required over the winter period, when sugar
beet processing wastes are discharged to the river. The principal reason
for fixing residual flows is to maintain acceptable oxygen conditions in
the estuary, but other objectives include the need to reduce siltation in
the tidal reaches, to dilute discharges from the King’s Llyn sewage
treatment works, and to limit incursion of saline water by preserving a
fresh water flow to the Wash (NRA 1993)-

Kielder Regulation and Transfer Scheme

The main purpose of the Kielder Reservoir Scheme was to guarantee
supplies to meet the anticipated large increase in the regional water
demand in N.E. England for domestic and industrial purposes,
particularly in the Teesside area. The reservoir, which was filled in
1982, regulates flows in the River Tyne, and the scheme allows the
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transfer of water by pipeline/tunnel 33km to the south, from the Tyne
at Riding Mill to the River Wear at Frosterly and the River Tees at
Egglestone. The predicted demand has never been realised, and the
scheme now functions principally for hydro-electric power generation by
regulating releases to the North Tyne. Earlier developments for
regulation of the River Tees comprised the Lune/Balder Reservoirs built
after the 1959 drought to support abstractions at Broken Scar near
Darlington, and the Cow Green Reservoir in the upper headwaters,
completed in 1971 to provide industrial supplies for Teeside.

Prior to May 1993 Kielder Reservoir made regulation releases on a daily
basis for HEP generation, except during critical dry summer periods.
The releases increased the flow from 114 MI/d compensation to a peak
generating discharge of 1417 MI/d for periods of around 6 hours. The
impacts of this unnatural flow regime have been highly detrimental to
the river, and a new operating mode is now in force, which involves
making continuous releases over three days per week at a discharge
varying from 864 MI/d to 1382 MI/d. The transfer tunnel was used to
regulate the River Wear during the dry summers from 1989 to 1992, in
order to maintain the Minimum Maintained Flow (MMF) of 173 Ml/d at
Chester-le-Street.  During the transfer periods, water from Kielder
comprised around 50% of the natural flow in the Wear at the discharge
point, reducing to 3096 downstream at Chester-le-Street. The lower
reaches ofthe river carry significant quantities of treated sewage effluent,
and the nutrient-rich waters promote dense weed growth which is
suspected of reducing oxygen levels in the summer months (Johnson,
1988). Prior to the support from Kielder, low flows in the Wear had
resulted in severe distress to fish and occasional major fish Kkills.
Transfers to the River Tees have been infrequent, since regulation is
afforded by daily releases from Cow Green and occasional releases from
the Lune/Balder reservoir group.

Monitoring of the impacts of the Kielder regulation releases has shown
that low flows in the North Tyne have been substantially increased. The
impact on flood flows is less well defined, but it has been estimated by
the NRA (Northumbrian and Yorkshire Region) that flood peaks,
particularly naturally frequent events (Higgs and Petts, 1988) have been
reduced by about 50% some 10km downstream of the dam. Flow
velocities have been markedly increased on the rising limb of the HEP
releases, whilst the releases themselves, in association with the reduction
in natural flood discharges, have led to compaction of the river bed
gravels. Immediately downstream of the dam there has been a reduction
in salmonid populations, and the species diversity and abundance of
macroinvertebrates has decreased in the same area (Boon, 1988). Haile
(1987) has suggested that the impact on invertebrates may be attributable
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both to the fluctuating flow regime and the precipitation of organic
deposits, up to 2cm in thickness and rich in iron, manganese and
aluminium, on sediments downstream of the dam.

The temperature regime in the North Tyne has been moderated to the
extent that the amplitude of mean monthly temperatures has been
reduced by almost 6°C, with higher than natural temperatures in the
winter and lower values in the summer (Crisp, 1985). Investigations into
the behaviour of salmonids in the Rivers Tees and Tyne by the
Freshwater Biological Association (Carling, 1979; Crisp, 1984, 1985;
Cave, 1985) suggested that water temperature changes would have
adverse impacts on salmon populations. In particular, fry could emerge
when temperatures were too low for them to feed, and the migration of
smolts to the sea could be delayed by as much as 40 days, causing them
to miss the ‘window’ period of suitable dissolved oxygen conditions in
the estuary. Whilst recent survey data have shown a reduction in
salmon numbers below the dam, an increase in rod catches in the main
River Tyne since the implementation of the scheme suggests that the
impacts are not significant throughout the full length of the river.
Results of a research programme by Newcastle University into ecological
changes arising from the impoundment and releases confirm that few
effects are detectable beyond 14 km downstream of the dam (Johnson,
1988).

Prior to the construction of the Cow Green reservoir, concern centred
primarily on the loss of habitat for the rare alpine flora within the
reservoir area, with less attention being given to potential aquatic impacts
(Bisset, 1993, pers. comm.). However, post-project monitoring and
detailed investigations, particularly by the Institute of Freshwater Ecology,
have revealed the nature and extent of a number of significant impacts
on the river system. The natural dry weather flow in the Tees at Dent
Bank, assessed from pre-construction (1971) gauging data, is 48 MIi/d
and this has increased to 173 MI/d as a result of the regulation regime.
Flood peaks have also been reduced dramatically, with only three of the
top 63 recorded floods occurring since the construction of the dam.
Armitage (1978) found that the flow stabilisation has produced an
invertebrate community of low diversity but high biomass just below the
dam, whereas further downstream where the substrate is more
heterogeneous numbers of certain taxa have increased without displacing
the previous fauna. The impacts of regulation on plant communities in
the River Tees have been discussed by Holmes andWhitton (1981), and
on fish populations by Crisp et al (1983). Changes inwater quality have
not been significant, although mean annual potassium loadings have
been reduced to 60% of normal, and the seasonal temperature regime
has been moderated by 1°C to 2°C (Crisp, 1977).
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River Dee Regulation Scheme

The flow regime in the River Dee is currently managed by a complex
system of controlled releases from three regulating reservoirs, Llyn
Tegig, Llyn Celyn and Llyn Brenig, and compensation discharges from
the Alwen reservoir. The general principles for regulation under the
Dee and Clwyd River Authority Act 1973 are set out in the Dee General
Directions (Welsh Water Authority, 1987) and the mostrecent description
of the system is given by Lambert (1988). The scheme has the
multipurpose objectives ofsupporting regional water supplies, mitigating
flooding, maintaining flows in the Shropshire Union Canal, and
safeguarding fisheries. Hydro-electric power is also generated at Llyn
Celyn.

The regulation releases provide water of high quality to the main River
Dee, enabling it to be maintained within Class 1A from its source to
Wrexham, and Class IB downstream to Chester Weir. Without the
releases, the natural low flows in the river would be insufficient to
provide adequate dilution of the treated effluents upstream of the water
abstraction points. Since a major pollution incident in 1984, when an
unnotified discharge of phenolic compounds resulted in some two
million people receiving contaminated tap water for several days, a
comprehensive monitoring and telemetric warning scheme, known as
DEEPOL, has been implemented. All pollution emergencies are now
detected by .sophisticated monitoring procedures, and intakes
temporarily shut down until the river regains its normal high quality.
Computer forecasting systems enable special releases to be_discharged
from the reservoirs to dilute the pollution and reduce the time of travel
of the contaminated water to the tideway (Weston, 1987).

The scheme is beneficial to fisheries in that special compensation
releases can be made during the late autumn to improveflow conditions
for migratory fish moving up the tributaries. Such discharges at this time
have the additional benefit of providing enhanced seasonal flood control
storage in the reservoirs (Lambert, 1988). However, faster runoff of
cooler water may reduce the catchability of salmonids and coarse fish,
and the reduced temperature of the regulation releases is also
considered to have decreased the abundance of certain coarse fish.
Hodgson (1993) attributes this to the slower growth rate of juveniles
which leads to poor overwintering recruitment. Radio tracking has
indicated that the steady regulated flow conditions during the summer
may restrict upward movement of salmon through the tideway and
reduce their activity once they enter the river. With fewer spate flows to
activate movement of the fish, rod catches have fallen during the period
after migration and before spawning. The decrease in large flood events
has also led to increased siltation in the river, with possible damaging
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consequences for spawning success in salmonids and dace (Welsh

Region NRA, 1993), and interstitial macroinvertebrate communities
(Hellawell, 1988).

Within the Cheshire Plain the scheme involved the construction of flood
embankments and other channel improvement measures. This has
reduced the still-water areas within the main river, and since there are
few tributaries in this section, sanctuary areas for fish are now very
restricted. Smith et al. (1990) discuss the adverse impact on
macroinvertebrates of the reduction in habitat diversity due to
channelisation. The higher flow velocities induced by the embankments
have led to scouring, which has further degraded the cyprinid habitat by
restricting aquatic plant growth and microhabitats essential as food webs
for fish. High releases from Llyn Celyn have also scoured the Tryweryn
tributary, depleting the gravel spawning areas for salmonids and
destroying the former important trout fishery in this river.

In addition to the generation of hydropower from Llyn Celyn, the
regulation releases provide improved opportunities for white water
canoeing in the headwater regions. The reservoirs themselves,
particularly Llyn Brenig, have been developed for water-based recreation,
including sailing, fishing-and bird-watching. Downstream, however,
riparian land owners are understandably concerned about the
consequences of significant alterations to the natural flow regime. In
particular, the impact of maintaining higher flows in the summer may be
to increase waterlogging, and to restrict access for stock across the river.
Farmers may also have to take precautionary actions such as moving
their stock more frequently as a result of the rises in water level
accompanying controlled releases. Nevertheless, in terms of increasing
the reliability of water supplies, mitigating flooding, improving the
fisheries and controlling accidental pollution discharges the scheme is
generally beneficial, and illustrates many of the advantages of large-scale
river management.

River Tywi Regulation Scheme

Llyn Brianne Reservoir is used to regulate the River Tywi to support
downstream abstraction for water supply, in conjunction with other local
sources. There is provision for compensation water and freshet releases
from the reservoir for the river system, which is an important salmon
and sea trout fishery for both commercial and angling interests. In
recent years extensive research has been undertaken by the NRA (and
former Welsh Water Authority) into the water quality impacts of the
reservoir releases (1986, 1988, 1990, 1991). These are primarily due to
the acidification of waters in the upper catchment, the low temperatures
of water released from the bottom of the reservoir (Webb and Walling,
1993) and dissolved oxygen depletion in the Tywi estuary at certain tidal
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states. The general effects on instream ecology of changes in dissolved
oxygen, temperature and pH, and other parameters such as ammonia
and heavy metals, are reviewed by Alabaster and Lloyd (1980).

Acidification of surface waters is to a great extent attributable to
afforestation in the catchment associated with the reservoir development
The reservoir also displays thermal stratification, which gives rise to pH
stratification within the water column. The pH decreases with depth, so
that the greatest acidity is in the hypolimnion, from which regulation
releases are made. Longterm monitoring indicated that increasingly low
pH values, low dissolved calcium and high aluminium concentrations of
the released waters were influencing the chemical composition of the
main river as far downstream as Llandovery (11km), and since 1991 Llyn
Brianne has been limed to mitigate this impact (NRA 1991).

For at least 1.5km downstream of the dam the river has a severely
depleted benthic macroinvertebrate community, with many flies,
stoneflies, caddy flies and beetles absent or present only at low
abundance. The liming of the reservoir has not resulted in any
improvement of the invertebrate status. The impact of the regulation, as
in the North Tyne below Kielder dam, is considered to be due to the
precipitation of reservoir-derived deposits rich in iron and manganese
(Hellawell, 1988), and the unnatural flow regime which increases
invertebrate drift. Thermal changes are also causal, since hypolimnic
releases reduce mean summer water temperatures in the river by up to
8°C, but increase temperatures in the spring. However, monitoring at
asite 7.5km downstream of the dam reveals no measurable impact of the
regulation releases on the aquatic ecology. Armitage etal. (1987) discuss
the prediction of the response of invertebrates to river regulation, whilst.
Petts (1993, pers. comm.) suggests that downstream ecological impacts
of impoundments are only significantwhere the reservoir catchment area
is greater than 35% of the total basin area.

The construction of the dam caused a substantia! loss of spawning and
juvenile habitat for salmonids, both within the impoundment and as a
result of the disruption of upstream (adult) and downstream (smolt)
migration.  Mitigation measures originally included a trapping and
trucking scheme, but catches quickly diminished and this measure was
eventually replaced with the existing smolt stocking scheme. There has
been no evaluation to date of the impact of stocking on the salmonid
population, but the numbers of returning adult fish continue to be lower
than expected. The reduction in the magnitude and frequency of spate
flows below the dam influences adult migration, and the reduced
summer temperatures combined with delays in the onset of temperature
rise in the spring have an impact on feeding and the emigration of parr
and smolts. Shorter egg-hatching times due to increased spring
temperatures also lead to the production of fry at a time when food
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supplies are unavailable. Moreover, the reduction in organic debris in
the released waters, resulting from the efficient trapping of detritus in
the reservoir, substantially decreases contributions to food chains.

It is also possible that night time abstractions from the river at
Nantgaredig, upstream of the tidal head, may adversely effect the entry
of fish from the estuary. Radio tracking studies indicate that under low
flow conditions adult salmonids show a preference to enter the river
during the hours of darkness (NRA, 1989).

Although the objectives of maintaining fisheries are fully considered in
the operational release procedures, there is a strong public perception
that the regulation of the Tywi is detrimental to fishing. Similarly, the
Llyn Brianne reservoir, although it has no significant impact on flood
levels downstream, was considered by the public to have exacerbated
flooding in Carmarthen, at the head of the estuary, when the protection
works for the town were overtopped in 1979. In this respect, the Tywi
regulation scheme is perceived by the public as less acceptable than the
River Dee Scheme in North Wales, where the impacts are generally
considered to be beneficial.

The scheme also has a number of potential negative impacts on
conservation interest. In 1991, 34 pairs of little ringed plovers, and 58
pairs of common sandpipers (59% and 20% of the Welsh populations
respectively) bred on the gravel shoals in the lower Tywi (Tyler, 1992).
There is concern today that the enhancement of flows during the spring
and early summer may affect this habitat, particularly by damaging nests
in the low gravel areas. There is a similar threat to kingfishers and sand
martins, which nest in the river banks. The reservoir itself flooded some
20,000 ha of upland valley, including oak woodland with supported a
characteristic flora and fauna. Prior to the project there was at least one
pair of Red Kites nesting in the valley, and the impoundment and the
associated increase in afforestation around the reservoir have
undoubtedly affected the spread of this species into the area.

The West Berkshire Groundwater Scheme

The West Berkshire Groundwater Scheme was promoted in the early
1970’s with the prime purpose of augmenting river flow in the Kennet
and Thames to support abstractions in London. Extending over an area
of almost 4000km2 of the Berkshire Downs, the development comprises
32 boreholes and pumping stations capable of supplying groundwater
from the chalk aquifer principally to the Rivers Lamboum, Pang and
Kennet. An operating agreement under the Water Act 1989 states that the
scheme is to be used only under drought conditions, in emergencies and
for environmental protection.
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The scheme was first used in full for three months at the end of the
severe drought in 1976, which to date has been the longest period of
operation for its prime purpose. Pumping also took place during the
1989 drought, for three weeks only, whilst individual boreholes or
wellfields have been used on various occasions to support local water
supplies during times of emergency. The most frequent use for one of
the sites is to provide seasonal augmentation of the Letcombe Brook, a
tributary of the Lamboum, which was identified by the National Rivers
Authority in 1989 as one of the nationally critical rivers suffering
unacceptable low flows due to excessive abstraction.

The scheme incorporates a number of measures designed to mitigate the
perceived adverse impacts of the development. The envisaged risk of
flooding in the small receiving rivers due to heavy summer
thunderstorms at the time of augmentation was mitigated by installing a
remote control facility to allow emergency shutdown during such
circumstances, but to date this has not been used. Most boreholes are
sited in dry valleys above intermittent flowing bourne streams and
springs, and would normally operate in a drought when the
watercourses would be naturally dry. It is policy not to utilise these
boreholes during normal weather conditions in order not to derogate
flows in the local streams and springs through increased groundwater
lowering. The outfalls from the borehole pipelines have been sited
below the perennial headwaters of the receiving watercourses, to avoid
any potentially deleterious impact of summer flow augmentation on the
ecology of the seasonally dry winterboumes. Finally, all the outfalls have
been designed with baffle walls and stilling wells to minimise the risk of
erosion and consequent siltation.

Regular biological and water quality monitoring, river corridor and
fisheries surveys have not revealed any adverse aquatic.or.terrestrial
ecological impacts. Nor has it been necessary to construct stream bed
and bank protection works, or undertake dredging, to offset siltation and
erosion. In two of the wellfields which abstract anaerobic water from
the confined aquifer provision has been made to aerate the water prior
to discharge to the adjacent watercourse, and thus maintain adequate
dissolved oxygen levels. In general, however, the groundwater is of high
chemical and bacteriological quality. The scheme is perceived by the
NRA (Thames Region) to have a beneficial effect on fish populations and
fauna in the receiving streams, and there may be a marginal amenity
impact arising from the enhanced low flows through some rural
communities.
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The Shropshire Groundwater Scheme

This is a phased development designed to augment flows in the River
Severn in drought years as part of the Severn Water Resources/Supply
system. The River Severn is a major water resource for public supplies
to the West Midlands and Bristol regions, in addition to meeting the
needs of agriculture and industry. During drought periods, the flow is
augmented initially by releases from the Clywedog Reservoir and, to a
smaller extent, from Lake Vymwy. The Shropshire Groundwater Scheme
is only brought into operation when storage in Clywedog falls to critical
levels.

The overall scheme consists of eight stages, two of which have currently
been implemented (1984 and 1992). Groundwater is pumped from the
Sherwood Sandstone aquifer to the north of Telford and Shrewsbury
directly to the River Severn or its tributaries. Phase | was used in 1984
and 1989, but Phase n, which was extensively test pumped in 1991/1992,
has not yet been required for operational purposes.

The scheme incorporates an environmental monitoring programme
designed to identify impacts and enable mitigation measures to be
undertaken at an early stage. A number of adverse impacts are
perceived by the NRA (Severn-Trent Region), arising principally from the
chemical quality characteristics of the groundwater. Few of these have
been directly observed in the receiving watercourses, however, owing to
the short term nature of the augmentation. Low levels of dissolved
oxygen in the pumped groundwater are of particular concern, but in
practice this effect can be mitigated by the use of aerators. Increased
chloride concentrations have implications for local abstractions for spray
irrigation, and higher manganese and iron levels can potentially coat the
stream beds, affecting both the aquatic ecology .and. downstream
abstractions. The reduced temperature of the groundwater (10 °C) may
suppress fish growth and reproduction, and the release of nitrogen gas
from the pumped flow has a physiological effect on fish, producing a
version of the bends. Although pumping induces a decline in
groundwater levels in the vicinity of the wellfields, and a consequent
reduction in soil moisture levels, the impact is not considered significant
in view of the generally shallow water levels at the pumping sites. The
scheme, as for any river regulation operation, influences the residual
flow regime to the estuary, which will have an impact on salmon
migration to the estuary and upstream (North, 1980).
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Summary

Despite the lack of firm evidence from pre/post- scheme evaluations,
flow regulation has undoubtedly had an impact on river ecosystems in
England and Wales, often creating gradual but significant changes over
long periods of time. This is illustrated by comparing the principal
regulated rivers on the one hand and rivers considered by Hellawell
(1988) to be of high conservation value. Apart from a very few
exceptions, notably the Usk and the Eden, sections of conservation
interest are not found where the flow regime is influenced by releases
from upstream storage or augmented by groundwater or inter-basin
transfers. Whether there is a causal link between regulation and
ecological impoverishment is a matter for debate.

In conclusion, the majority of schemes are river regulation or
groundwater augmentation from within the catchment to support
abstraction and maintain quality. The impacts in terms of the objectives
of the schemes are therefore invariably considered as beneficial. The
largest transfer scheme in operation in the UK is the Ely Ouse to River
Stour transfer of up to 228 MI/d. There are adverse effects noted for the
Northumbrian Kielder and Anglian transfer schemes, especially to
fisheries and aquatic ecology, but insufficient research has been done to
be categoric about the severity of impacts. Some general conclusions
concerning use of groundwater, interbasin transfer and reservoir
impoundment based on the NRA assessments are:

Augmentation by Groundwater

The positive impacts are generally related to improvements in water
quality arising from increased dilution, and to amenity benefits resulting
from enhanced flows. The negative impacts are largely related to effects
on fisheries from reduced temperatures and flow changes. Many
schemes have yet to identify impacts.

Interbasin Transfer

Increased flows provide opportunities to flush pollutants and aid
dilution, give additional opportunities for angling and increase leisure
opportunities. Considerable negative impacts have been
identified/perceived and include increased erosion, algal blooms,
transfer of disease, transfer of pollutants, changed flow rates adversely
affecting fish behaviour and spawning, and the transfer of alien fish eggs
and larvae.

&A4.247.0/WP/ET/3122/NRAEACR02
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Regulation by Impoundment

Positive impacts are identified as general enhancement of flows
benefitting aquatic ecology, formation of valuable wetland habitats in
reservoirs, controlled releases increasing recreational opportunities and
resulting in marginal benefits for fisheries. Negative impacts relate to
increased scour below dams and compaction of gravels, changes in
water quality from storage, reduced upstream fish migration, increased
siltation, reduced macroinvertebrate populations, landtake affecting
terrestrial ecology and conflicts between release requirements and water
users. A number of schemes have no identified impacts.

M.247.0/WP/ET/3122/NRAEAC.R02
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Environmental Assessment of Option Components
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EA Methodology

The basic unit of assessment has been taken to be the components which
make up the water transfer scheme. The components are defined as:

River reaches } in which aquatic issues dominate

Canal reaches }

Reservoirs } in which general planning issues dominate
Pipelines }

The assessment matrices for these two groups of components differ due
to the nature of the impacts. A series of assessment tables have been
produced for rivers and canals; and likewise a corresponding set of
tables for reservoirs and pipelines.

The potential for environmental impacts depends upon: the sensitivity
of the site/receptors;, the risk of significant environmental
change/damage; the expected magnitude and duration of change; and
the potential for mitigation. A further important factor to consider in the
assessment is the opportunity for improvement or benefits associated
with the scheme.

Categories and Criteria

A set of categories have been developed for each of the components.
For rivers and canals aquatic issues are most important, and the
categories are water resources, general character of the reach, existing
water quality, fisheries status, aquatic ecology, terrestrial ecology,
recreation/amenity/navigation, and general land-use/planning issues.
For reservoirs and pipelines terrestrial categories are of primary
importance; and the categories are general character of the landscape,
agricultural land, existing archaeology and cultural heritage, terrestrial
ecology, recreation and amenity opportunities, and general land-
use/planning issues. Each of these categories is discussed below.

General Character/Landscape
This is particularly difficult, if not impossible, to assess accurately
without a site visit. For this study the only methodology that could be

used, is to consider landscape designation.

A development may be regarded as having high adverse impacts if it is
located in or near a nationally designated site, i.e.,

- National Trust Properties
- National Scenic Areas

M .247.0/WP/ET/3122/ NRAEAD.R02



1.3

Ref:

- AONB

National Heritage Areas
- National Parks
- Heritage Coasts

A development may be regarded as having a moderate impact if the
reservoir is located in/near Green Belt, Regional Park, Areas of Great
Landscape Value (AGLVs) or Special Areas of Great Landscape Value, or
Country Parks.

River reaches will be assessed in terms of the naturalness of the reach.
Natural reaches are those with no channel works and a more-or-less
natural flow regime; semi-natural reaches are those which appear to be
a natural feature of the landscape but have been depth or flow regulated
to some degree; artificial reaches are engineered channels for drainage
or land reclamation which return some natural features or are important
landscape features; highly artificial reaches are heavily engineered
channels, usually through urban areas, which have lost virtually all
conservation interest.

It will be assumed that a high risk of environmental impact can only
occur in a natural or semi-natural reach.

It should be noted that:

- Some reservoirs enhance the surrounding landscape, particularly
those which are flooded valley. However, bunded reservoirs such
as Staines reservoir have high visual impacts.

- Visual impact will also depend on the extent of visual envelope
and number of receptors affected.

Water Quality

Water quality of river reaches is defined by the NWC classification, which
Is used as the basis to both define sensitivity and susceptibility to risk.
For the purpose of this assessment, the entire river is defined as having
the highest classed reach within the river section under consideration.
A high risk will be assumed whenever water of lower NWC Class is
transferred into a watercourse with a higher classification.

Any water quality parameter identified in the scheme-specific
Environmental Assessment as being problematic, with respect to statutory
limits, will classify the affected components as having a high risk.

M.247.0/0T/CT/3122/NRAEAD.R02
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Fisheries

The principal impacts relating to fisheries are as follows:

Flow effects
Chemical effects
Temperature effects

Species and disease transfer

The significance of impact will depend on the magnitude of change and
sensitivity/value of the fisheries.

Impacts which would be defined as high risk or highly significant are as
follows:

Loss of freshets/spates on migratory salmonids

Reduction in low flow velocity on species with specific flowing
water requirements, e.g., salmonids, chubb, dace and barbel

Fall in NWC class or exceedence of threshold level for EIFAC
parameter

Transfer of category A pathogens, or transfer of category B
pathogens if their incidence in the donor river is considered
damaging

Transfer of species

Impacts which would be considered moderate risk are as follows:

Increased duration of velocities outside species preference
Fish impingement in intakes

Temperature changes due to mixing or reservoir releases

Small changes to key WQ parameters (species dependent)

Transfer of category C/D pathogens

In the present context, thresholds of significance with regard to water
transfer will depend on mere presence or absence of diseases in some

cases.

In others, however, the relative disease status of-a particular
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catchment will influence the acceptability of a water transfer. Category
A diseases are covered by statute and therefore introduction from an
infected donor water would automatically rank as highly significant
Restrictive actions for disease categories B, C and D are based on NRA
policy alone. These therefore offer scope for some flexibility in policy
direction.

Aquatic Ecology

Linking hydrology and ecology is a complex endeavour because of the
many ways in which discharge influences biota. However, it is
recognised that river management requires sound operational tools to
determine the allocation of water to meet instream, riparian and flood
plain needs. Until research has been advanced, assessment of aquatic
impacts arising from flows and channel changes resulting from water
basin transfer will remain qualitative, based on the following indices;
BMWP scores; EQI; number of taxa and RIVPACS class.

For the purposes of this study a highly significant impact or high risk
impact would be:

- Large differences in RIVPACS class between donor and recipient
river

- Changes in flow seasonality

- Reduction in low flows <1:10 drought

- Frequency of operation <1:5

on stretches of high sensitivity, i.e., high BMWP scores, EQI > 1, high
number of taxa.

Impacts would be considered moderate if changes were to occur in
stretches where BMWP scores were moderate, EQI < 1 and the diversity
of taxa was limited.

Agriculture

The assessment will be based on the MAFF Agriculture Land
Classification (ALC) system, which classified land into five grades
numbered one to five, with grade three divided into two sub-grades (3a
and 3b).

The best and most versatile agricultural land falls into grades one and
two and sub-grade 3a. Land in sub-grade 3b is of moderate quality and
grades four and five are poor.
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For land in grades 1, 2 and 3a and where more than 20 ha of
agricultural land is lost, MAFF would be asked to comment on a scheme.

For the purposes of this study a highly significant effect would be where
> 20 ha is lost of grade 1, 2 and 3a.

Impacts of moderate significance would be when ascheme impacted on
< 20 ha ofgrade 1, 2 and 3a land, + > 20 ha of grade 3b land.

Impacts on grades of lesser quality are not defined as being significant.
It should be noted that:
- Planning Policy Guidance Notes PPG7 states:

"The increasing efficiency of agricultural procedures and changes in
agricultural policy mean that retaining as much land as possible in
agricultural use no longer has the same priority. However, PPG7
confirms the need to conserve the best land as long term valuable
agricultural resource.”

- Land of sub-grade 3b, 4 and 5 is of lesser importance except
where particular agricultural practices themselves contribute to
the quality of environment of the rural economy. Such land may
be included in an ESA Environmentally Sensitive Area. This
includes the three 'Tir Cymen" areas in Wales.

Further requirements:

- Development of water resources may also impinge/sever
particular farm holdings, or affect-farm size-and structure. This
would need to be dealt with at a more detailed stage.

Archaeology and Cultural Heritage

The DoE PPG Note 16 "Archaeology and Planning” underlines the
national importance of many archaeological sites and the need for their
protection. Guidance on current policies and procedures concerning
conservation areas and listed buildings is set out in DoE Circular 8/87.

Highly significant impacts are defined as those which affect World
Heritage Sites, Scheduled Ancient Monuments and Grade /11 listed
buildings. A development may also be regarded as significant if
numerous "other" archaeological monuments were affected.

Moderately significant impacts are defined as those affecting a limited
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1.8

Ref;

Mitigation measures such as excavation and recording may mitigate the
above impacts.

Terrestrial Ecology

A highly significant impact would be one which affects international,
European or nationally designated sites, i.e.,

- Ramsar sites

- Habitats listed in the European Habitats Directory

- Special Protection Areas

- National Nature Reserves

- SSSls (Sites of Special Scientific Interest)

- Ancient woodland (this is also included because of its non-

recreatability)

If a high number of county designated sites were affected, the impact
may also be described as highly significant.

Loss of a population or impacts which affected the viability of protected,
rare or declining species would also be considered highly significant

Impacts of moderate significance are those which affect a very small
number of county designated sites or local sites of nature conservation
interest

It should be noted that:

- Some of the above information, particularly on protected species
and sites of local or county value, may not be available and would
need further study at a later stage if the options .were to be
pursued

- Some river corridors have a high component of semi-natural
habitat which, although not designated, still forms an important
part of the resource base. Impacts to such stretches of river may
be considered significant

- Some habitats are more recreatable that others and need further
weighting. This particularly applies to Ancient Woodland, the loss
of which is unsustainable.

Component Assessments

The existing sensitivity of each category may be "high" (e.g., a NWC Class

1 river or a National Park providing extensive recreational opportunities)
or “‘moderate*. In general, receptors of national .importance-or-with -
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statutory protection are deemed to be of high sensitivity. The "high" and
"moderate” sensitivities defined for use in this assessment are given in
Table 1 (for rivers/canals) and Table 2 (for reservoirs/ pipelines).
Whilst these guidelines have usually been followed, expert judgement
will be used to uprate or downrate the sensitivity based on knowledge
of particular local circumstances.

In a similar manner, an assessment of risk has been performed. Risk is
the potential for adverse change or significant impact consequent upon
the water transfer scheme, and may be short term (only experienced
during construction) or long term (experienced when the scheme is
operational). The "high" and "moderate” risks defined for use in this
assessment are given in Table 3 (for rivers/canals) and Table 4 (for
reservoirs/pipelines). Expert judgement has been used to uprate or
downrate the risk based on knowledge of particular local circumstances.

The complexity, particularly of aquatic and terrestrial ecological systems
Is such that the effects of particular impacts on the functioning of these
systems is not yet fully understood. It is therefore extremely difficult to
define specific thresholds above which impacts are defined as significant
or unsustainable, and often assessment is largely based on professional
experience and judgement. However, it is accepted that the basis for
decision making should be as transparent as possible.

In the assessment of risk, it is assumed that the water transfers will occur
as planned and modelled in the scheme-specific Environmental
Assessments. Obviously a greater frequency of water transfer could lead
to a completely different set of risks (e.g. the potential to fundamentally
alter an aquatic ecosystem) which have not been considered in this
assessment.

The individual assessment sheets for each separate option component
are presented in the following Tables.

t4.247.0/WP/CT/J122/NRAEAD.R02



Table 1 - River/Canal Framework for Assigning Sensitivity

Category

Water Resources
(WR)

General Character/
Landscape (GC)

Water Quality
(WQ)

Fisheries (F)

Agquatic Ecology
(AE)

Terrestrial Ecology
(TE)

Recreation/
Amenity/
Navigation (RA)

General Land-use
and Planning
Issues (PLN)

84.247.0/WP/ET/3122/NRAEAM.R02

Sensitivity

High

Major PWS or industrial
abstraction

Semi-natural/natural

Unregulated channel

NWC Class 1A or IB

SWQO - Water supply

Salmonids and certain
species of coarse fish

Commercially important
fishery

High BMWP scores
Biological Class A

High ASPT

Presence of
internationally or
nationally designated
site

Numerous regionally or
locally designated sites

Presence of protected
species

Statutory navigation

Contact water sports

Conflict with existing
land-use designations

Moderate

Significant agricultural
or industrial abstraction

Modified but not highly
artificial

NWC Class 2

SWQO - Contact sport

Flowing water cyprinids

Moderate BMWP scores
Biological Class B

Moderate ASPT

Presence of regionally
or locally designated
site

Non-statutory
navigation

Visual amenity
importance

Benefit
Potential

Improve low flow
problems

Potential for

enhancing semi-
natural and non-
natural character

Bring Reach into
Class

Improve NWC Class 3
or 4

Improve low biomass

Improve poor quality
fishery

Improve low BMWP

Improve low ASPT

Increase habitat
diversity

Restore/Improve
derelict navigation

Improve perceived
low flows

Potential for
cenhancement
identified in
Development Plan



Table 2 - Reservoir Framework for Assigning Sensitivity

Category

General Character/
Landscape (GC)

Water Quality (WA)

Agriculture (AGR)

Archaeology and
Cultural Heritage
(ACH)

Terrestrial Ecology
(TE)

Recreation/
Amenity (RA)

General Land-use
and Planning
Issues (PLN)

M.247.0/W?/ET/3122/NRAEAT«.R02

Sensitivity

High

Located in or near
internationally or
nationally designated
area

PWS Reservoir

Land Class 1, 2, 3a

Presence of
internationally or
nationally designated
site/monument/
building

Presence of
internationally or
nationally designated
sites

Moderate

Located in or near
regionally or locally
designated area

Off-line river regulation
reservoir

Land Class 3b

Presence of other
archaeological
artefacts/sites

Presence of regionally
or locally designated
sites

Numerous regionally or
locally designated sites

Presence of protected
species

Presence of National
Park or AONB

Presence of significant
number of footpaths

Conflict with existing
land-use designations

Benefit
Potential

Increase and enhance
landscape diversity

Improve downstream
dilution

Enhanced land access

Excavation and
recording

Increase habitat
diversity

Offer recreation
potential

Potential for
enhancement
identified in
Development Plan



Table 3 - River/Canal Framework for Assessing Risk of Significant Impact

Category

Water
Resources
(WR)

General
Character/
Landscape
(GC)

Water
Quiality
(WQ)

Fisheries (F)

High Risk

Key Impact

Derogation of
existing abstraction
rights

Failure of any
quality parameter
for abstraction use

Reduction of
natural character

Fall in NWC Class

SWQO parameter
above threshold
level for use

Loss of freshets/
spates for migratory
salmonids

Change in spawning
grounds

Changes in nursery
grounds

Change in river
"smell" for migrating
fish

Reduction in low
flow/velocity

Fall in NWC Class
or exceedence of
threshold level for
EIFAC parameter

84.247.0/WP/CT/3122/NRAEAT43.R02

Criteria

Reduction in
low flows
(-10% QR or
MAM7)

Transfer of
lower quality
water

Alteration of
channel

Transfer of
water of lower
NWC Class

Dilution at Qw
of problems
determinands

Inspection of
with/without
annual
hydrographs

Reduction in
Q,, or MAM7
no worse than
1:10 drought

Flow increases
beyond natural
variation
Similarity of
donor/
recipient rivers
and mass
balance calcs.

Flow reduction
beyond natural
variation

Moderate Risk

Key Impact

Minor quality
deterioration for
agricultural
abstraction

Minor local impact
on semi-natural
channel or flood
plain

Increased
frequency of algal
blooms

Increased saline
intrusion

Increased
duration of
velocities outside
species preference

Fish entrapment
on intakes

Temperature
changes due to
mixing or
reservoir releases

Criteria

WQ
parameter of
concern for
use

Construction
works in/
adjacent to
channel

Transfer of
water of
higher
nutrient
status

Outside
natural
variation of
low flows

Dissimilarity

. of

temperature
and WQ,
dilution and
frequency

Mitigation

Prescribed
flow

Water
treatment

Environ-

mentally
msensitive

design

Water
treatment

Prescribed
flow

Artificial
freshets

Spote sparing

Fish screens +
design of
intakes

Fisﬁeries
management
policy

Variable depth
reservoir
draw-off

Treatment of
transfer water



Category

Terrestrial
Ecology
(TE)

Recreation/
Amenity
(RA)

General
Land-use
and '
Planning
Issues
(PLN)

High Risk
Key Impact Criteria

Effects on Permanent

internationally destruction

designated site or damage

Effects on

nationally Permanent

designated site destruction
or damage

Effects on

regionally Cumulative

designated sites damage to a
number of
sites

Effects on

protected species Loss of
population or
decrease in
viability of
population

Effect on National Impairment

Park or AONB of aesthetic
enjoyment

Prejudicing Conflict with

potential/planned
land-use

84.247.0/WF/CT/3122/NRAEAT44.R02

Development

Plan

Moderate Risk

Key Impact

Effects on
internationally or
nationally designated
site

Effects on regionally

or locally designated
site

Footpath loss

Footpath diversions
of over 500m

Criteria

Temporary
destruction
or damage

Permanent
destruction
or damage

Unmitigable

or significant

loss of
footpaths

Partial
conflict with

Development

Plan

Mitigation

Habitat
creation,
revegetation

Creation of
recreation/
amenity
facilities

Consultation
and possibly
compensation



Table 4 - Reservoir Framework for Assessing Risk of Significant Impact

Category

General
Character/
Landscape
(GC)

Water
Quiality
(WQ)

Agriculture
(AGR)

Archaeology
and Cultural
Heritage
(ARH)

High Risk
Key Impact Criteria
Effect on Permanent
internationally or change to
nationally existing views

designated area

Significant algal Source and
problems in trophic status
reservoir or risk of of stored/
exceeding transferred
threshold of water
parameter for PWS

use

Significant loss of S: 20 ha

Class 1, 2 or 3a permanently
land lost

Effect on Destruction

international or or damage to
nationally site/
designated monument/
site/monument/ building
building

Destruction
or damage to

setting
Effect on other Cumulative
archaeological damage to a
monuments significant

number of

sites

84.247.0/WP/ET/3122/NRAEAT44.R02

Moderate Risk

Key Impact Criteria
Effect on Temporary
internationally or change to

national designated
area

existing views

Permanent
change to
existing views

Effects on regionally
or locally designated
area

Distance and
frequency of
operation

Anaerobic conditions
in pipeline

Loss of Class 1, 2 or < 20 ha loss

3a land

Temporary loss of
Class 1, 2 or 3a land
Significant loss of S 20 ha loss
Class 3b land

Destruction
or damage to
monument

Effect on a limited
number of other
archaeological
monuments

Mitigation

Planned
increase of
visual diversity

Treatment
operational
rules

Compensation

Funded
archaeological
survey before
development



OPTION 1:
REACH:

TRANSFER: 400 Ml/d

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY
|

1
Assessment

RECREATION

AMENITY
NAVIGATION

Assessment

Note: Low impacts provided prescribed flow set at appropriate level

SENSITIVITY

= NWC Class IB
e Estuary Class B

HIGH

* Migratory Salmon
route

HIGH

= Low diversity
d/s Deerhuret
« BMWP Very low

©)

LOW

« 2 wetland SSSls
directly d/s of
Deerhurst rely on
periodic Inundation

HIGH

= Navigable river -

statutory navigation?

HIGH

Ref: fIN.247.0/AW/1122/NRAFRAME.R02

RISK OF IMPACT

Constr.

* Disturbance
during
construction

MODERATE

e Disturbance
during
construction

MODERATE

Oper.

= For PF = 2500 Ml/d

MODERATE

* Concern that PF
may be too low and
reduce duration of
migration period

MODERATE

* Minimal impact due to
current impoverished fauna

LOW

* Care needed
to minimise
disturbance on
Coombe Hill
SSSI

LOW

LOwW

LOW

« Unlikely to reduce
winter flooding

* Depends on
operation of P.S.

LOW

LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

e Further studies
required of min PF to
estuary

= Recent studies suggest
PF of 2500 Ml/d is too
low for fisheries

e Further studies
required of min PF to
estuary

= More recent sampling
data required as
assessment made on
historical data

« Further research
needed Into link
between SSSls and
hydrology

<Further studies
required of effects of
reduced low flows on
sedimentation hence
navigation

Unsupported Severn to Thames Transfer (400 MI/d max; P.F. = 2500 MI/d)
River Severn downstream of Deerhurst

MITIGATION

« Appropriate PF

PF i 4000 Ml/d
Fish screens
Spate sparing
Use of freshets

o 000

N/A

N/A

= Design of Intake
should not affect
navigation

= Appropriate PF
= Careful
landscaping of
bunded storage

BENEFIT
OPPORTUNITIES

= None

N/A
< None

N/A
« None

N/A
< None

N/A
= None

N/A



OPTION 1: Unsupported Severn to Thames Transfer (400 Ml/d max; P.F. = 2500 Mi/d

REACH: Thames & Severn Canal, Down Ampney to Buscot *
TRANSFER: 400 MiI/d
CATEGORY SENSITIVITY RISK OF IMPACT

Constr. Oper.

WATER N/A

QUALITY

\

Assessment N/A LOW LOW

FISHERIES N/A

Assessment N/A LOwW MODERATE

AQUATIC N/A

ECOLOGY

Assessment N/A LOwW MODERATE

TERRESTRIAL * Needs detailed * Needs detailed

ECOLOGY survey survey and design

Assessment N/A LOw LOW

RECREATION « Canal presently N/A

AMENITY infilled

NAVIGATION

|
Assessment N/A LOW LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

= Quality of water In
canal

= Water quality and
flow constraints on
fishery

* As fisheries

e Line of canal needs to
be surveyed

« Source of water for
canal when transfer not
in use

e Whether Severn link
to be restored

MITIGATION

* Further studies
required

* Further studies
required

« As fisheries

« Detailed planning
e Care in
construction

* Detailed planning

Note: * Canal presently disused and infilled; this section would be restored under scheme.

Ref: 84.2-47.0/AW/3122/NRAFRAME.R02

BENEFIT
OPPORTUNITIES

= None

N/A

e Creation of Cyprinid
fishery

MODERATE

« Creation of habitats

MODERATE

= Opportunities for
creation of new habitats

MODERATE

= Restoration of canal,
link into Thames system

HIGH



OPTION 1: Unsupported Severn to Thames Transfer (400 MI/d max; P.F. = 2500 Ml/d)

Ref:

84.247.0/AW/3122/NRAFRAME.R02

REACH: River Thames downstream of Buscot
TRANSFER: 400 Mi/d
CATEGORY SENSITIVITY RISK OF IMPACT UNCERTAINTIES AND MITIGATION BENEFIT
STUDY OPPORTUNITIES
Constr. Oper. REQUIREMENTS
WATER = NWC Class 1B * Disturbance - River 80% Severn = More detailed WQ * High suspended = None
QUALITY = Major PWS of suspended water studies required solids from Severn
abstractions solids = Unlikely to cause mitigated by
downstream class change but may storage and settling
be significant changes
to base chemistry,
heavy metals and
trophic status
Assessment HIGH LOW HIGH N/A
FISHERIES - Designated * Disturbance e Flow 5 x Qw, = Knowledge of present « Mixing of Severn * Improved low flows
Cyprinid fishery of suspended seasonality changed Thames fisheries water and Thames may improve fishery
solids « Habitat will < Clarification of disease groundwater in
essentially remain transfer risks required gravel pits
favourable for coarse = Risks of water
fishery but could alter  chemistry of Severn to
species/distribution Thames fisheries
Assessment MODERATE LOW LOCALLY HIGH LOW
MODERATE
AQUATIC = V.HIgh BMWP of * Disturbance = Local risks < Unknown impacts of * Potential for reduced
ECOLOGY 212 of suspended moderate to high longer duration of channel maintenance
= Biological Class A solids = Regional risks low medium flows on due to Increased tow

« No. of taxa 40 to moderate substrate and habitat flows.

ASPT 5.3 « Unknown impacts of « Opportunities for
major changes to water habitat Improvements
chemistry on biota

Assessment HIGH LOW LOW LOw
TERRESTRIAL - ESA * Buscot is = Increased flows not * Effects on drainage of * Maintain existing < None
ECOLOGY = SSSls National Trust likely to affect riparian areas water levels in

= Sites of County site riparian wetland sites riparian areas

value or river corridor
Assessment HIGH LOW LOW NA
RECREATION * Thames navigable * Buscot is * Increased late « Changes in velocity = Keep velocities =May Improve navigation
AMENITY to Lechlade, heavy National Trust summer flows unlikely  * Frequency of operation below level suitable in Upper Thames in low
NAVIGATION use site to alter for navigation flow years

= Landscape * Velocities could

importance affect navigation
Assessment HIGH LOW LOwW MODERATE



OPTION 2: Craig Goch Reservoir

CATEGORY

AGRICULTURE

Assessment

COMMUNITY
IMPACTS

Assessment

ARCHAEOLOGY
AND CULTURAL
HERITAGE

Assessment

GENERAL
LANDSCAPE
CHARACTER

Assessment

TERRESTRIAL
ECOLOGY'

Assessment

RECREATION/
AMENITY

Assessment

SENSITIVITY

= Land classification
Grade 5. Very poor
'quality

LOW

= 3 farmsteads
inundated
(tenancies rather
than hereditary
land holdings)

LOW

< No Scheduled
Ancient
Monuments.

* 29 sites of
archaeological
interest.

< No listed
buildings

MODERATE

= Environmentally
Sensitive Area.

= Western Upland
Special Landscape
Area

MODERATE

« Nationally
important SSSls.

= Proposed SPA*
« Locally important
hay meadows

HIGH

= Locally important

LOW

Ref: 64.247.0/AW/3122/NRAFRAMRRO2

RISK OF IMPACT

Constr. Oper.

= Although poor quality still provides
valuable winter grazing in the context
of the area

LOW LOW
« Effects on access
< Noise,
disturbance

LOW LOW

« Inundation of at least 29 sites of
interest

MODERATE MODERATE
* Depends on use
of storage in
operations
MODERATE MODERATE

« Possible effects « Risks on SSSls
on 3 SSSIs during
construction and

road diversion

HIGH HIGH
< Numerous
public footpaths
will be inundated
MODERATE LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

« Detailed evaluation of
agricultural impact

* Based on historical
report; detailed
evaluation of holdings
required

« Detailed
archaeological
evaluation required

* Detailed landscape
assessment required

* Detailed ecological
Impact assessment
required

< Detailed evaluation of
recreation/amenity
potential needed

* SPA = Special Protection Area

MITIGATION
POTENTIAL

< Compensation

« Value of other
grazing land could
be Improved with
provision of shelter

= Compensation
and provision of
alternative land

holdings

* Field survey and
recording

e Careful landscape
design for
reservoir/dam

* Setting of top
water level

« Careful landscape
design

e Establish new
footpaths, nature
trails, amenities

BENEFIT
OPPORTUNITIES

<May Improve access into
the area

LOW

= May improve access Into
the area

= May bring in more
visitors

LOW

* Detailed survey
undertaken before
inundation

LOW

LOwW

eIncreased lake area not
considered significant for
wildlife

LOW

= Considerable
recreational benefits but
several other reservoirs in
area

MODERATE



OPTION 2: Craig Goch Regulation of the Severn (600 MI/d max regulation release)
River Severn, Llanidloes to Coalport

REACH:

TRANSFER: 600 Mi/d

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY
1

1
Assessment

RECREATION
AMENITY
NAVIGATION

Assessment

SENSITIVITY

« NWC Class IB

HIGH

= Second most
important salmonid
river In England &
Wales

HIGH

« High BMWPs,
ASPTs Class A

HIGH

* No detail
available

UNKNOWN

= Water sport
activities

MODERATE

Ref: 84.247.0/ AW/3122/NRAFRAME.R02

RISK OF IMPACT

Constr.

e Tunnel
construction
could disturb
river

MODERATE

* Disturbance
of suspended
solids

MODERATE

* Disturbance
of suspended
solids

MODERATE

e Tunnel
construction
may disturb
habitats

LOW
* Disturbance
of suspended
solids

LOW

Oper.

e Temperature regime
changes

= Hardness reduction
= Fall In pH

MODERATE

« Flows 5 to 1.6 x
Q9) seasonality
changed

* Significant effect on
the extent of
Inundation of
salmonid nursery
areas and on
substrate/channel

LOCALLY HIGH

* Local risks may be
significant

MODERATE

* Unlikely to be
significant effects

LOW
* Could affect angling
* May affects water
sports

LOW

UNCERTAINTIES AND

STUDY
REQUIREMENTS

= More detailed water
quality studies of Upper
Severn with Craig Goch
regulation required

= Selected level drawoff
from reservoir required

* Detailed studies of
channel configuration
required

* Detailed study of
effects of present
regulation needed

< No Information on
wetland SSSls but could
be affected by increases
in flow

* Detailed examination
of river use

MITIGATION

* Controlled
drawoff
temperature from
different levels

e Careful tunnel
construction

= Reproduce flow
seasonality/
variability

* Ensure that
margins seasonally,
gravel habitats
exposed

= Dependent on
site specific data

* Limit on flows,

velocities and levels

BENEFIT
OPPORTUNITIES

LOW

* Increased regulation
may help maintain low
temperatures during
droughts

MODERATE

< None

MODERATE

LOW

LOW



OPTION 2: Craig Goch Regulation of Severn (400 MI/d max regulation release)

REACH:

River Severn, Coalport to Deerhurst

TRANSFER: 400 Mi/d

CATEGORY SENSITIVITY
WATER = NWC Class IB
QUALITY
Assessment HIGH
FISHERIES = Important

Salmonid &
Cyprinid fishery
Assessment HIGH
AQUATIC e High BMWP
ECOLOGY upstream of
Tewksbury
Assessment HIGH
TERRESTRIAL * Detailed
ECOLOGY Information not
> available
>
1
1
Assessment UNKNOWN
>
RECREATION = Water sports
AMENITY
NAVIGATION
Assessment MODERATE

Ref: 84.247.0/ AW/3122/NRAFRAME.R02

RISK OF IMPACT

Constr.

= Construction of
intakes will have
localised impacts

LOW

« Disturbance of
suspended solids

LOW

e Disturbance of
suspended solids

LOW

e Construction of
intakes will have!
localised impacts>

LOW !

« Disturbance of»
suspended solids '

LOW

Oper.

* Some reduction
in pH and
hardness

< Already
regulated

MODERATE

* Low flow
change 1,6 x Qw,
decreasing down-
stream

* Already
regulated

MODERATE

* Already
regulated, may be
on threshold

MODERATE

* Unlikely to be
significant
impacts

LOW
* Unlikely to be
significant
impacts

LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

= More detailed WQ
studies of impact to
middle Severn chemistry
required

= Effects of existing
regulation to be studied
« Detailed study needed

= Effects of existing
regulation to be studied
« Detailed study needed

= No information on
wetland SSSls but
unlikely to be affected
by moderate Increases
In flow

e Detailed examination
of river use

MITIGATION

= Reproduce flow
seasonality and
variability

* Ensure that
marginal seasonally
dry gravel habitats
exposed

= Dependent on
site specific data

e Limit on flows,
velocities and levels

BENEFIT
OPPORTUNITIES

* Improved dilution in
middle reaches

MODERATE

LOW

LOW

LOW

LOW



OPTION 3: Craig Goch Regulation of Wye and Thames Transfer (400 MI/d max regulation release)
\/ye, Nannerth to Ross-on-Wye
TRANSFER: 400 Mi/d

REACH: River

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY

Assessment
RECREATION

AMENITY
NAVIGATION

Assessment

SENSITIVITY

« NWC Class 1A
down to Hereford

HIGH
* Best salmonid

river in England &
Wales

HIGH
= SSSI

* High level of
naturalness

HIGH

= SSSI Wye Valley

HIGH

= Water sports
= Important
tourism/amenity
area

MODERATE

Ref: 84.247.0/AW/3122/NRAFRAME.R02

RISK OF IMPACT

Constr.
e Construction of
tunnel could
disturb river

MODERATE

e Disturbance of
suspended solids

MODERATE

e Disturbance of
suspended solids

MODERATE

e Careful
planning needed
as infrastructure
located within
SSSI

MODERATE

« Disturbance of
suspended solids

LOW

Oper.

= Upper river
dominated by
Craig Goch water

MODERATE

* Low flow
increased 10 to 2
X Q95, seasonality
changed

« Risks to
spawning/nursery
areas

= Some risk from
impact of high
flow regime

HIGH

* High local
impact at top of
Wye catchment

LOCALLY HIGH
MODERATE

e Unknown
impact of
increased medium
flows on
terrestrial sites

MODERATE

= Could affect
angling

= May affect water
sports

MODERATE

UNCERTAINTIES
AND STUDY
REQUIREMENTS

« Previous WQ study
now out of date may
need updating to assess
latest WQ data

* Salmonid response to
flow and "smell"
changes

* Effects on substrate
and channel
characteristics

* Impacts of enlarging
reservoir upon flood
regime and channel
processes need
consideration

« No Information on
wetlands/riparian areas
but unlikely to be
affected by moderate
Increases in flow

* Detailed examination
of river use

MITIGATION

« Careful control
of temp, and DO
through drawoff
facilities

= Reproduce flow
seasonality and
variability

= As fisheries

* Dependent on
site specific data

e Limit on flows,
velocities and levels

BENEFIT
OPPORTUNITIES

= Improve water quality
in upper river where
acidisation

LOW

* May improve reliable
drought flows and
benefit fishery

LOW

« As fisheries

LOwW

LOwW

LOW



OPTION 4: Vyrnwy Redeployment for Regulation of Severn (300 MI/d max regulation release)
REACH: River Vymwy to River Severn
TRANSFER: 300 MI/d '

Ref:

CATEGORY SENSITIVITY RISK OF IMPACT UNCERTAINTIES MITIGATION BENEFIT
AND STUDY OPPORTUNITIES
Constr. Oper. REQUIREMENTS
WATER = NWC Class 1A e Tunnel * Already regulated = Detailed water quality * Careful tunnel
QUALITY construction = Changes in studies needed construction
could affect river temperature and = Controlled
water quality drawoff
Assessment HIGH LOW LOW LOW
FISH ER{ES e Important = Disturbance of = Low flow changed * Detailed studies of * Consideration
1 salmonid area suspended solids by 6XQ.., channel configuration should be given to
¢ Majority of seasonality changed required development of
1 Severn salmon = Risk to stable stream stability
redds in Vymwy nursery areas = Alternative
1 = Risk to substrate release
and channel arrangements to
characteristics Tanat or release
further downstream
Assessment HIGH LOW HIGH LOwW
AQUATIC * Biological Class A e Disturbance of e Possible = Detailed study of = Multiple draw-offs
ECOLOGY suspended solids washout of effects of present to mitigate
macroinvertebrates, regulation needed temperature and
etc. with continuous water-quallty
1 high releases problems
* High local risk, <
) moderate regional
risk
Assessment HIGH LOW MODERATE LOW
1
TERRESTRIAL * Detailed e Tunnel j = No Information on * Dependent on
ECOLOGY information not construction may]| wetlands and riparian site specific data
S available disturb habitats * 1 areas
Assessment UNKNOWN LOW ! LOowW LOW
RECREATION « Detail not = Disturbance of 1 * Could affect = Detailed examination e Limit on flows,
AMENITY available m suspended solids angling of river use velocities and levels
NAVIGATION = May affect water
sports
Assessment LOW LOW LOW LOW

84.247.0/AW/3122/NRAFRAME.R02



OPTION 5: South West Oxfordshire Reservoir Regulating Thames

CATEGORY

Agriculture

Assessment

Community
Impacts

Assessment

Archaeology and
Cultural Heritage

Assessment

General
Landscape
Character

Assessment

Terrestrial
Ecologyy

i
Assessment

Recreation/
Amenlty>

Assessment

Note:

SENSITIVITY

* Land grade 3 &« 4

MODERATE

« Close proximity to
several villages
affected

* 10-20 properties
affected
HIGH

* No scheduled
Ancient Monuments

* No listed
buildings directly
affected

MODERATE

* No designations
apply to the site

LOW

< No SSSlIs or sites
of county
importance

LOW

LOW

Reft 84.H7.0/AW/J122/NRAFRAME.R02

RISK OF IMPACT

Constr. Oper.

* Significant areas of land lost

MODERATE LOW

= Access problems

= Noise,
disturbance

HIGH MODERATE

e A number of
sites will be lost

*® Could affect
setting of Venn
Mill

MODERATE LOW

= Major Intrusion on flat landscape

MODERATE MODERATE

< Need to consider potential risks to
Barrow Farm SSSI

LOW LOW
= Possible loss or diversion of
footpaths i

¢ 1

LOW LOW

No specific details available relating to this option.

UNCERTAINTIES
AND STUDY
REQUIREMENTS

* Agricultural assessment

required

* Detailed surveys
required

= Archaeological survey
required

* Landscape assessment
required

* Detailed ecological
survey required

MITIGATION
POTENTIAL

* Compensation

* Compensation

= Recording
excavation

* Sensitive design

* Habitat creation

BENEFIT
OPPORTUNITIES

N/A

® Creation of local new
road system

LOW

* Detailed survey
undertaken before
inundation

LOwW

LOW
@ Creation of wetland +

other habitats around the
reservoir

HIGH
e Considerable recreation

potential

HIGH



OPTION 5: South West Oxfordshire Reservoir Regulating Thames (350 MI/d max)

Ref;

84.247.0/ AW/3122/NRAFRAME.R02

REACH: River Thames downstream of Culham Reach
TRANSFER: 350 Mi/d
CATEGORY SENSITIVITY RISK OF IMPACT UNCERTAINTIES MITIGATION BENEFIT
AND STUDY OPPORTUNITIES
Constr. Oper. REQUIREMENTS
WATER = NWC Class IB * Tunnel and * Depends on « Results of WQ studies * QOperation of « Increased dilution of
QUALITY intake quality or released not available reservoir to limit middle Thames
construction water water quality
could affect river change
Assessment HIGH MODERATE HIGH MODERATE
FISHERIES e Good Cyprinid * Tunnel and « Low flows Q« * Loss of early winter « Operating rules = Maintenance of low
fishery intake increased by >50% spates could have for abstraction flows in dry periods
construction « Loss of October/ adverse impacts should maintain
could affect river November freshets * Present knowledge of October/November
would have adverse  Thames fisheries spates (ensure
impacts normal river rise)
Assessment MODERATE MODERATE HIGH MODERATE
AQUATIC * Biological Class A * Tunnel and e Loss of October/ * Present knowledge of = High-flow
ECOLOGY intake November freshets Thames ecology capping should
= High BMWP score  construction could have adverse only be allowed
could affect river effects between mid-Nov
and June
1
Assessment HIGH LOW LOW LOW
1
TERRESTRIAL * SSSls downstream e Tunnel and * Wetland sites = Effects of higher river « Frequency of
ECOLOGY! intake should not be levels on riparian areas - winter flooding
1 = Sites of County construction adversely affected if drainage should not be
; importance could affect. frequency of reduced
y habitats winter flooding u
'g maintained
j
Assessment HIGH low' low; LOwW
RECREATION - Statutory = Tunnel and * High velocities * Limit velocities to  * Slight improvement in
AMENITY ; navigation intake could affect 1 below navigation navigation
NAVIGATION construction upstream boat threshold
* High landscape could affect river traffic
1 value
Assessment HIGH LOW LOW MODERATE



OPTION 6: Canal Transfer Severn to Thames

REACH:

TRANSFER: 100 Mi/d

CATEGORY

WATER
QUALITY
1

1
Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

1
Assessment

TERRESTRIAL
ECOLOGY
1

Assessment

RECREATION
AMENITY
NAVIGATION

t

Assessment

SENSITIVITY

« NWC Class
1B/2/3

MODERATE

= Good coarsc
fisheries in places

MODERATE

e Variable

MODERATE

« Several stretches
arc of ecological
value

MODERATE

* Prime function is
for navigation

HIGH

Ret: M.247.0/AW/3122/NRAFRAME.R02

RISK OF IMPACT

constr.

= Dredging of
canals likely to
affect water
quality - heavy
metals

MODERATE

= Dredging of
canals, impact of
sediments, heavy
metals

HIGH

* Dredging may

impact on

instream ecology
1

moderate!

¢ Loss of
vegetation due to
raised banks

MODERATE *
|
« Impact on boat
movements 1
during
construction 1
period

MODERATE

BWB Canals - Heywood Junction to Isis Lock

UNCERTAINTIES
AND STUDY

Oper. REQUIREMENTS

t
= WQ of final discharge
needs modelling

= Dependent on
frequency of

operations
« Transfer of heavy
metals from canal
sediments
LOW

= Fisheries response to
changes in velocity
needs investigation

* Zander spread
speeded up

MODERATE

= Existing water
slow moving and
eutrophic

LOW

« Loss of « Survey work required
vegetation due to

raised banks

MODERATE

« Scheduling of works
to minimise impact

K
= Vclocitics must
be kept suitable
for navigation

LOW

MITIGATION

= Provision of
sources along canal
to improve WQ
prior to transfer

* Sufficient time
for flow/velocity
changes

= Careful design
and construction

« Careful design of

works and
scheduling of
works

BENEFIT
OPPORTUNITIES

= Potential for class
improvement in canals

HIGH

< WQ improvements

* Create improved
environment for coarse
fish

MODERATE

* Improvement in canal
corridor

LOW

= Restoration/
improvement works
could improve adjaccnt
areas

LOW
= Restoration/
improvement works

should Improve
towpaths, etc.

MODERATE



OPTION 6: Canal Transfer Severn to Thames

REACH:

TRANSFER: 100 MI/d max.

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

1
TERRESTRIAL
ECOLOGY

1

L

1
Assessment

RECREATION
AMENITY
NAVIGATION

\

Assessment

SENSITIVITY

« NWC Class IB

HIGH

= Good coarse
fishery

MODERATE

* Biological Class A
< High BMWP
scores

HIGH

* A number of sites
of nature
conservation value

HIGH

- Statutory
navigation

* High landscape
value

HIGH

Ref: 84.247.0/AW/3122/NRAFRAME.R02

River Thames downstream of Oxford Canal

RISK OF IMPACT

Constr.

= May be
problems of
dredged materials
in suspension, or
heavy metals

HIGH

* Disturbance of
sediments

LOCALLY HIGH

* Disturbance of
sediments

LOW

LOW

* Disturbance of =
sediments

LOW

Oper.

« Risk of heavy
metal transfer

* Class risk

HIGH

e Low flows Q93
Increased by
about 12%

= High metals and
poor quality water
In canal system

« Transfer of
diseases

HIGH

* Locally around
outfall depending
on water quality

MODERATE

= Wetland sites
should not be
affected - winter
flooding
unchanged -

LOW

= Unlikely to
raise velocities
above navigation
limit

* Could affect
angling

LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

= Sediment qualities

= Detailed WQ study for
Thames

= Dependent on
operational use

* Zinc and other metals
require further
investigation

* Disease transfer risk
needs study

* Present knowledge of
Thames fisheries

= Effects of water quality
* Present knowledge of
Thames ecology

= Effects of higher river
levels on riparian areas -
drainage

= Effects of water quality

MITIGATION

e Care in design
and construction

e Limit on
velocities

= Frequency of
winter flooding not
altered

1

BENEFIT
OPPORTUNITIES

LOW

« Improved low flows

LOW

LOW

LOW

* Improved low flows

LOW



OPTION 7:
REACH:

TRANSFER: 100 MI/d max.

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY

Assessment
RECREATION

AMENITY
NAVIGATION

Assessment

SENSITIVITY

« NWC Class 2

MODERATE

= Moderate coarse
fishery

MODERATE

= Biological Class C

< Low BMWP

LOwW

< No information
available

UNKNOWN

« No information
available

UNKNOWN

Ref: 84.247.0/AW/3i22/NRAFRAMB.R02

Severn to Trent Transfer to Supply East Midlands
River Penk downstream of Penkridge to River Sow confluence

RISK OF IMPACT

Constr.

+ Disturbance
during
construction

LOW

* Disturbance of
suspended solids

LOwW

* Disturbance of
suspended solids

LOW

LOwW

* Local
disturbances
during
construction

LOW

Oper.

e Transfer is of
Class IB water

LOW

* Low flows
increased by
factor of 2.5 x Q%
* Change in
seasonality of
river

* Minor risk of
washout of coarse
fry

MODERATE

« Risk of
significant change
in invertebrate
community

* Possible bank
erosion

MODERATE

= Unlikely to be
any significant
impact

LOW
= Channel
improvements

already
undertaken

LOW

UNCERTAINTIES

AND STUDY

REQUIREMENTS

* Detailed water quality

studies needed

* Detailed baseline
survey required

= Baseline survey
required

* Site surveys required -

no Information

= Site surveys required -

no information

MITIGATION

* Velocities should
be limited to
reduce scour

BENEFIT
OPPORTUNITIES

= Potential for class
improvement

HIGH

e Row and WQ
improvements

= Improved summer
angling possible

MODERATE

LOW

LOW

LOW



OPTION 7:
REACH:

TRANSFER: 100 MI/d max.

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY

Assessment
RECREATION

AMENITY
NAVIGATION

Assessment

SENSITIVITY

« NWC Class 2

MODERATE

= Moderate
Cyprinid fishery

MODERATE

e Class C

LOW

« No information
available

UNKNOWN

« No Information
available

UNKNOWN

Ref: 84.247.0/AW/M 22/NRAFRAME.R02

Severn to Trent Transfer to Supply East Midlands
River Sow downstream of Brancote to Confluence with River Trent

RISK OF IMPACT

Constr.

< Disturbance
during
construction

LOW
« Local

disturbance of
suspended solids

LOW

* Local
disturbance of
suspended solids

LOW

LOW

« Local
disturbance
during
construction

LOW

Oper.

e Transfer is of
Class IB water

LOW
e Low flows 2 x

g%hange in
seasonality

* Risk of fry
washout

LOW
* Some risk of
change to

Invertebrate
community

LOW

* Unlikely to be
any significant
risk

LOW

LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

* Detailed water quality
studies needed

= No fisheries surveys
available. Baseline
survey required

= Baseline survey
required

« Site surveys required -
no information

« Site surveys required -
no information

MITIGATION

= Velocity should
be limited to
reduce scour

BENEFIT
OPPORTUNITIES

= Improved dilution with
higher quality water

HIGH

* Improved dilution with
higher quality water

MODERATE

= Benefit to moderate
flow regime in dry
periods

MODERATE

LOW

* Reliable flows should
Improve aesthetics/
amenity at Sow/Trent
confluence

MODERATE



OPTION 7: Severn to Trent Transfer to Supply East Midlands

REACH:

TRANSFER: 100 MI/d max.

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY
)

Assessment
RECREATION

AMENITY,
NAVIGATION

Assessment

SENSITIVITY

« NWC Class 2

MODERATE

« Coarse fishery

MODERATE

e Class C

LOW

« Several sites of

County importance

MODERATE

= Water sports

MODERATE

Ref: 6-4.247.0/AW/3122/NRAFRAME.R02

River Trent downstream of Great Heywood

RISK OF IMPACT

Constr.

* Local
disturbance
Intake sites

LOW

e Local
disturbance
intake sites

LOW
« Local

disturbance
intake sites

LOW
* Local

disturbance
intake sites

LOW
e Local

disturbance
intake sites

LOwW

at

at

at

at

at

Oper.

« Transfer is of
Class IB water

LOW

* Low flows 1.5 x
Q«

* Improved
quality

* Risk of disease
transfer

LOW

LOW
= Unlikely to be

any significant
risk

LOwW
= Unlikely to be

any significant
risk

LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

MITIGATION

= Detailed water quality
studies needed

* Baseline survey
required

* Review fish disease
transfer issue

= Baseline survey
required

= Site surveys required

* Site surveys required -
no information

BENEFIT
OPPORTUNITIES

* Improved flow and
quality

MODERATE

MODERATE

MODERATE

MODERATE

MODERATE



OPTION 8: Great Bradley Reservoir - Ely Ouse to Essex Transfer

(105.5m AOD top water level) +

CATEGORY

Agriculture

Assessment

Community
Impacts

Assessment

Archaeology and
Cultural Heritage

Assessment
General

Landscape
Character

Assessment

SENSITIVITY

= Majority of the
Upper Stour Valley
comprises Grade 2
land

HIGH

« Close to villages
of Great Bradley
and Weston Green

HIGH

* No scheduled
Ancient
Monuments but a
variety of archaeo-
logical sites of
Importance

e 17 Listed
buildings

HIGH

= Located in an
"Area.of Best
Landscape”

= Ancient
Countryside of the
Upper Stour Valley

MODERATE

RISK OF IMPACT

Constr.

e 720 Ha lost

MODERATE

= Effects on
access

< Noise
disturbance

= 77 Properties
inundated

= High visual
impact

HIGH

* Impacts of local
groundwater
levels

« 5 Listed
buildings
inundated

LOW

= Major visual
impact

MODERATE

Oper.

720 Ha lost

MODERATE

= Changed access
to village

e 77 Properties
inundated

= High visual
impact

MODERATE

e 5 Listed
buildings
inundated

MODERATE

= Permanent
change to existing
views

= Proximity of
reservoir to
villages

MODERATE

* Alternative smaller reservoir would have significantly less impact

Ref: 84.247.0/AW/J122/NRAFRAME.R02

UNCERTAINTIES

AND STUDY

REQUIREMENTS

« Detailed evaluation of
agricultural impact

* Detailed

archaeological survey

required

* Detailed assessment of

the significance of

landscape and visual

effects on landscape

character, occupiers,
users and the setting of

listed buildings

MITIGATION
POTENTIAL

= Compensation

= Field survey and
recording

= Landscape
proposals include
woodland planting,
reinforcement of
existing vegetation
* Intermittent tree
planting

BENEFIT
OPPORTUNITIES

N/A

N/A

* Detailed survey
undertaken before
inundation

LOW

= Reservoir may create
pleasant landscape
feature

< Improvement in river
below reservoir

MODERATE



OPTION 8: Great Bradley Reservoir - Ely Ouse to Essex Transfer

(Cont’d)
CATEGORY SENSITIVITY RISK OF IMPACT UNCERTAINTIES MITIGATION BENEFIT
AND STUDY POTENTIAL OPPORTUNITIES
Constr. Oper. REQUIREMENTS
Terrestrial « Presence of e Inundation of = Impacts on = Full survey required = Setting aside = Nature conservation
Ecology numerous four (SSSls) SSSls equivalent areas of opportunities around
nationally Ancient land for plantation new reservoir
important sites Woodlands and of woodland (not
(SssI) five further satisfactory)
Ancient
Woodlands
Assessment HIGH MODERATE MODERATE MODERATE
Recreation/ « Area is popular * Inundation of = Full survey required = Establish new * Significant recreational
Amenity with walkers, numerous footpaths, nature opponunities
horse-riders footpaths trails, amenities

* Contribution to local
economy, angling,
walking, cycling, horse-
riding, sailing and wind
surfing

= Wealth of public
rights of way

Assessment MODERATE LOW MODERATE HIGH

* Alternative smaller reservoir would have significantly less impact

Ref: 84.247.0/AW/3122/NRAFRAME.R02



OPTION 8: Great Bradley Reservoir - Ely Ouse to Essex Transfer

REACH: =

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY

Assessment
RECREATION

AMENITY k
NAVIGATION

Assessment

SENSITIVITY

« Class A estuary

HIGH

* Migratory fish,
eels, sea trout

* Shell fisheries

* Shrimp fisheries

HIGH

e Tidal river of low
value

e The Wash is a
RAMSAR site, SSSI
and SPAX

HIGH

e Ouse Washes SSSI
= Water meadows

HIGH

= Kings Lynn Port
= River ferry

< Water sports

e Cruising

HIGH

RISK OF IMPACT

Constr.

N/A

N/A

N/A

N/A

N/A

Oper.

= For existing PF
of 318 to 114
Ml/d

LOW

= For existing PF
of 318 to 114
Ml/d

HIGH

* For existing PF
of 318 to 114
Ml/d

LOW

LOW

HIGH

* Special Protection Area under EC Directive on conservation of wild birds

Note: Low Impacts provided prescribed flow set at appropriate level

Ref: 84.247.0/AW/3122/NRAFRAME.R02

UNCERTAINTIES
AND STUDY
REQUIREMENTS

« Further studies
required for min. PF to
estuary and The Wash

= Further studies
required for min. PF to
estuary and The Wash

* Further studies
required for min. PF to
estuary and The Wash

= Further studies
required for min. PF to
estuary and The Wash

= Further studies
required for min. PF to
estuary and The Wash

Tidal Ely Ouse Downstream of Deliver Sluice, Ouse Estuary and The Wash

MITIGATION

= Appropriate PF

= Appropriate PF

* Appropriate PF

= Appropriate PF

= Appropriate PF

BENEFIT
OPPORTUNITIES

N/A

N/A

N/A

N/A

N/A



OPTION,8: Great Bradley Reservoir - Ely Ouse to Essex Transfer

REACH:

River Stour

TRANSFER: 309 MI/d max. transfer

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment
1

TERRESTRIAL
ECOLOGY)

Assessment

SENSITIVITY

* NWC Class 2

LOW

e Coarse fishery
downstream

MODERATE
« Biological Class A
at Ketling Green

* Artificial channel

MODERATE/HIGH

= No SSSIs

MODERATE

RISK OF IMPACT

Constr.

* Construction of
reservoir/intake,
river training may
affect river

LOW

= Disturbance of
suspended solids

LOCALLY HIGH
MODERATE

* Disturbance of
suspended solids

MODERATE

* Civil works may t

be required along
river banks

MODERATE

Oper.

« Greater scale of
transfer

* Improvement of
transfer WQ by
storage

MODERATE

= Major increase
in low flows,
change in
seasonality

= Major change in
water quality

MODERATE

* Magnitude and
frequency of flows
in excess of
existing scheme,
likely further
scour and
washout

LOCALLY HIGH
MODERATE

* Unlikely to be
significant risk

LOW

UNCERTAINTIES

AND STUDY

REQUIREMENTS

= Degree to which

operations features of
reservoir to improve WQ
e Incidence of high
chloride water from Ely

Ouse

e Detailed studies of

effects of present
regulation needed

* Actual operation and
quantities of transfer
within Essex system is

unknown
* Examine risk of
disease transfer

* Major Impact but
small river already

substantially altered by

existing transfers

= Site surveys required -

no Information

Note: Assessment based on existing regulated conditions, not on baseline of natural conditions.

Ref: A4.247.0/AW/3122/NRAFRAME.R02

MITIGATION

= Ensure high
chloride waters not
transferred -
engineering works/
management at
Denver

= Reproduce flow
seasonality/
variability

= Further
degradation only
acceptable if other
rivers in region
retain their high
degree of
naturalness

BENEFIT
OPPORTUNITIES

* Improved dilution of
poor catchment water
quality

MODERATE

= Greater flow stability
and improved water
quality could benefit
fisheries

MODERATE

* Channel improvements
could enhance present
character and conditions

MODERATE

« Channel Improvements
could enhance present
character and conditions

MODERATE



OPTION 8: Great Bradley Reservoir - Ely Ouse to Essex Transfer
REACH: River Stour

(Cont’d)
CATEGORY SENSITIVITY RISK OF IMPACT UNCERTAINTIES MITIGATION BENEFIT
AND STUDY OPPORTUNITIES
Constr. Oper. REQUIREMENTS
RECREATION * Ancient = River training = Effect on visual = Very high flows in = Pipe water rather = Channel improvements
AMENITY landscape area of works will affect amenity would be Lower Stour may be than use river could enhance present
NAVIGATION great landscape users high in Lower unacceptable transfer character and conditions
value (Constable Stour * Limit flows to
Country) = Likely = Visual amenity user acceptable
= Canoeing significant affect limit
on angling
« Flows very high
could affect
water-sports
Assessment HIGH MODERATE MODERATE MODERATE

Note: Assessment based on existing regulated conditions, hot on baseline of natural conditions.

Ref: 8-4.247.0/AW/M22/NRAFRAMB.R02



OPTION 8: Great Bradley Reservoir - Ely Ouse to Essex Transfer

REACH:.

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY

Assessment

SENSITIVITY

« NWC Class IB

MODERATE

« Coarse fishery
downstream

MODERATE

= Biological Class A

= Artificial
character

HIGH

« No sites
identified

LOW

River Pant/Blackwater
TRANSFER: 305 MI/d max. transfer

RISK OF IMPACT

Constr.
* Construction of
intake/discharge/

training works
may affect river

LOW

* Disturbance of
suspended solids

MODERATE

* Disturbance of
suspended solids

MODERATE

= Civil works may
be required along

river banks

MODERATE

Oper.

* Greater scale of
transfer

* Risk of poor
transfer quality

* Improvement of
transfer WQ by
storage

MODERATE

= Major low flow/
quality changes

* Risk of change
to species
composition

HIGH

* Already heavily
artificial flow but
significant flow
Increase,
enhanced scour
and washout

* High local risk
at discharge

LOCALLY HIGH
MODERATE

* Unlikely to be
significant impact

LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

= Precise operating rules

unknown

= Incidence of high
chloride water from Ely
Ouse

* If channelisation
works involved these
will have major Impact

* Channelisation works
would need to be
surveyed

= Site surveys needed

Note: Assessment based on existing regulated conditions, hot on baseline of natural conditions.

Ref: 84.247.0/AW/3122/NRAFRAMB.R02

MITIGATION

= Ensure high
chloride waters not
transferred -
engineering works/
management at
Denver

= Reproduce flow
seasonality
variability

« Further
degradation

only acceptable If
other rivers retain
their high degree
of naturalness

BENEFIT
OPPORTUNITIES

= Already substantially
altered by existing
transfers

* Water quality of
transfers Improved by
storage

MODERATE

= Greater flow stability
and improved water
quality could benefit
fisheries

MODERATE
* Channel improvements

could enhance present
character and conditions

MODERATE

* Channel improvements
could enhance present
character and conditions

MODERATE



OPTION 8: Great Bradley Reservoir - Ely Ouse to Essex Transfer
REACH: River Pant/Blackwater

(Cont’d)
CATEGORY SENSITIVITY RISK OF IMPACT UNCERTAINTIES MITIGATION BENEFIT
AND STUDY OPPORTUNITIES
Constr. Oper. REQUIREMENTS
RECREATION * Mill of historic * River training * Long term = Very high flows In * Pipe water rather = Channel Improvements
AMENITY interest works will affect landscape Lower Blackwater could than use river could enhance present
NAVIGATION river implications be unacceptable transfer character and conditions
* Landscape during transfers = Limit flows to
* Likely user acceptable
significant effect limit
on angling
* Effect on water
sports
Assessment HIGH MODERATE MODERATE MODERATE

Note: Assessment based on existing regulated conditions, hot on baseline of natural conditions.

Refi 84.247.0/AW/5122/NRAFRAMB.R02



River Witham (Junct. with Fossdyke Navigation at Lincoln to Boston and Fossdyke Navigation)

RISK OF IMPACT

Constr.

« Local
disturbance oh
Fossdyke Navig.
and at Boston
intake

LOW

« Local
disturbance on
Fossdyke Navig.
and at Boston
Intake

LOW

* Local
disturbance on
Fossdyke navig.
and at Boston
intake

LOW

« Local
disturbance on
Fossdyke Navig.
and at Boston
intake

* Bank raising,
new channels
could affect areas

Oper.

« Transfer of
pollutants

* Dilution of
ammonia, nitrate,
chloride

MODERATE

= Possible effects
on fisheries,
particularly on
Fossdyke; due to
flow changes up
to 4 x Q9.

< WQ risks could
be significant

< Potential

transfer of Zander

MODERATE

= No major risks
envisaged

= Likely change

in aquatic fauna
in Fossdyke

MODERATE

* Major risks
unlikely

OPTION 9: Unsupported Trent to Essex
REACH:
TRANSFER: 200 MI/d additional to 220 MI/d existing
CAi\TEGORY SENSITIVITY
i
WATER « NWC Class 2
QUALITY
Assessment MODERATE
FISHERIES = Coarse fishery
downstream
Assessment MODERATE
AQUATIC - Artificial channel
ECOLOGY
= No specific
information
Assessment LOW
TERRESTRIAL = No SSSlIs
ECOLOGY
Assessment LOW

Ref: 84.247.0/AW/3122/NRAFRAME.R02

LOW

LOW

UNCERTAINTIES
AND STUDY
REQUIREMENTS

= Further investigate
water quality

= Habitat should remain
favourable but
uncertainties associated
with changing low flow
regime, could be species
changes

* Effects on scour

« Further study required
of impact of ortho-
phosphates and metals

« Site survey required -
no information available

MITIGATION

* Channel

improvement works

e Channel works
could be used to
increase diversity

e Care in design
and construction

BENEFIT
OPPORTUNITIES

= Improved dilution

LOW

LOW

LOW

= Habitat creation
opportunities in
engineering works

LOW



OPTION 9: Unsupported Trent to Essex

REACH:
(Cont’d)

CATEGORY

RECREATION
AMENITY
NAVIGATION

Assessment

SENSITIVITY

< Statutory
Navigation, popular
boating

= Canoeing, visual
amenity

HIGH

84.247.0/AW/J122/NRAFRAME.R02

RISK OF IMPACT

Constr.

« Local
disturbance on

Fossdyke Navig.

and at Boston
Intake

LOW

UNCERTAINTIES
AND STUDY
Oper. REQUIREMENTS

* Detailed surveys
required

* Velocities In
Fossdyke and
Witham may
exceed navigation
limit

MODERATE

MITIGATION

« Use of Sincil
Dyke to divert
excess flows at
Lincoln

* Limit velocities to
navigation needs

River Wltham (Junct. with Fossdyke Navigation at Lincoln to Boston and Fossdyke Navigation)

BENEFIT
OPPORTUNITIES

LOW



OPTION 9: Unsu
River

REACH:

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY

Assessment
RECREATION

AMENITY
NAVIGATION

Assessment

pé)orted Trent to Essex via El
tour (Kirtling Green Outfal
TRANSFER: 200 Ml/d additional transfer

SENSITIVITY

« NWC Class 2

LOW

= Coarse fishery
downstream

MODERATE

* Biological Class A

« Artificial channel

MODERATE/HIGH

« No SSSls

MODERATE

* Ancient
countryside
(Constable
Country)

= Canoeing

HIGH

f

RISK OF IMPACT

Constr.

* Local
disturbance at
discharge/intake

LOW

* Local
disturbance at
discharge/intake

MODERATE

* Local
disturbance at
discharge/intake

MODERATE
* Risks may arise
If river training
required

MODERATE

< River training
works will affect
users

MODERATE

Oper.

= No
improvement in
class expected

MODERATE

= Very significant
flow increase

= Change in
seasonality

= Change in
water quality

MODERATE

* Magnitude of
flows in excess of
existing scheme

MODERATE

* Unlikely to be
major risks

LOW

* Major effect on
angling

= Major effect on
amenity in Lower
Stour

MODERATE

Ouse to Essex Scheme )
to Wixoe intake and d/s of Wixoe)

UNCERTAINTIES
AND STUDY
REQUIREMENTS

= Further water quality
studies needed

* Actual operation and
transfer details not
known

< Major Impact but
small river already
substantially altered by
existing transfers

* Site surveys required -
no information

= Algal growth

« Turbidity

= W/L changes

< V.high flows in Lower
Stour would be
unacceptable

Note: Assessment based on existing regulated conditions, hot on baseline of natural conditions.

Ref: 84.247.0/AW/3122/NRAFRAME.R02

MITIGATION

N/A

* Reproduce flow
seasonality/
variancy

= Potential for re-
shaping river
channel

= Pipe water rather
than use river
transfer

* Limit flows to
user acceptable
limits

BENEFIT
OPPORTUNITIES

= Improved dilution of
poor catchment water
quality

LOW

LOW

= Channel Improvements

could enhance present

character and conditions

MODERATE

= Channel improvements

could enhance areas

MODERATE

= Channel improvements

could enhance areas

MODERATE



OPTION 9:
REACH:

TRANSFER: 200 Mi/d

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

1

Assessment
i

TERRESTRIAL
ECOLOGY

Assessment

SENSITIVITY

< NWC Class IB

MODERATE

= Coarse fishery
downstream

MODERATE

= Biological Class A
« Artificial channel

HIGH

= No sites
identified

LOW

RISK OF IMPACT

constr.

* Construction of
Intake/discharge/
training works
may affect river

LOW

* Construction of
intake/discharge/
training works
may affect river

MODERATE

= Construction of
Intake/d ischarge/
training works
may affect river

MODERATE

* Construction of
intakc/dlschargc/
training works
may affect river

MODERATE

Oper.

= Risk of poor
quality transfer
= Transfer of
pollutants

MODERATE

= Very significant
flow changes

= Increased flows
likely to affect
coarse fishery

« Scour and
washout

MODERATE

* Already heavily
channelised and
artificial flows

* Significant
habitat changes
likely

LOCALLY HIGH
MODERATE

= Unlikely to be
significant risks

LOW

Unsupported Trent to Essex via Ely Ouse to Essex Scheme
River Pant/River Blackwater d/s of Gt Sampford Outfall

UNCERTAINTIES
AND STUDY
REQUIREMENTS

= Further investigate
water quality

= Actual operations and
transfer details not
known

* If channelisation
works required these
will have major impact
= Algal blooms may
occur

* Channelisation work
would need to be
surveyed

Note: Assessment based on existing regulated conditions, not on baseline of natural conditions.

Ref: 84.247.0/AW/3122/NRAFRAME.R02

MITIGATION

« Transfer only
when water quality
suitable

* Limit flows and
velocities to species
limits

BENEFIT
OPPORTUNITIES

LOwW

LOW

= Channel improvements
could enhance present
character and conditions

MODERATE

= Channel Improvements
could enhance present
character and conditions

MODERATE



OPTION 9: Unsupported Trent to Essex via Ely Ouse to Essex Scheme
REACH: River Pant/River Blackwater d/s of Gt Sampford Outfall

(Cont’d)
RECREATION * Mill of historic
AMENITY interest
NAVIGATION
* Landscape

>

i
Assessment MODERATE

* Construction of
intake/discharge/
training works
may affect river

MODERATE

« Long term = Very high flows In
landscape Lower Blackwater could
implications be unacceptable

during transfen

« Likely

significant affect

on angling

= Effect on water

sports

MODERATE

Note: Assessment based on existing regulated conditions, not on baseline of natural conditions.

Ref: 84.247.0/AW/3122/NRAFRAME.R02

= Pipe water rather
than use river
transfer

* Limit flows to
user acceptable
limit

e Channel Improvements
could enhance present
character and conditions

MODERATE



OPTION 9: Unsupported Trent to Essex via Ely Ouse to Essex Scheme
REACH: Trent d/s Torksey
TRANSFER: 200 Ml/d

fl«.247.0/AW/3122/NRAFRAME.R02

CATEGORY SENSITIVITY RISK OF IMPACT UNCERTAINTIES MITIGATION BENEFIT
1 AND STUDY OPPORTUNITIES
Constr. Oper. REQUIREMENTS
WATER < NWC Class 2 = Local < Abstraction 10%  * Further studies = Appropriate PF;
QUALITY disturbance of preliminary PF required of minimum PF  preliminary idea
= Power station use  during = Effects will be to estuary and Humber 2500 Ml/d?
construction small estuary
Assessment MODERATE Low MODERATE N/A
FISHERIES = Poor coarse = Local * Abstraction 10% = Further studies As above
fishery disturbance of preliminary PF required of minimum PF
= Potential during = Effects will be to estuary and Humber
migratory salmon construction small estuary
route = Baseline survey
required
Assessment LOW LOW LOW N/A
AQUATIC = Impoverished, « Local e Abstraction 10%  * Further studies As above
ECOLOGY low biodiversity disturbance of preliminary PF required of minimum PF
« BMWP 92 during = Effects will be to estuary and Humber
« ASPT4.20 construction small estuary
= Baseline survey
required
Assessment Low Low Low N/A
TERRESTRIAL * No information * Local = Abstraction 10% < No information on .As above
ECOLOGY available disturbance of preliminary PF wetlands/riparian areas
during - Effects will be but unlikely to be
construction small affected by small
changes
Assessment LOW LOW LOW N/A
RECREATION * Statutory * Local * Abstraction 10% * Further studies As above
AMENITY navigation disturbance of preliminary PF required of min. PF to
NAVIGATION during = Effects will be estuary and Humber
construction small estuary
* Baseline survey
needed
Assessment HIGH LOW MODERATE N/A
Note: No impacts provided prescribed flow set at appropriate level.



OPTION 10:
REACH:

CATEGORY
*

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC-
ECOLOGY.
I

i

Assessment

TERRESTRIAL
ECOLOGY.

\————

—

Assessmen

RECREATION
AMENITY |
NAVIGATION

1

Assessment

Broad Oak Reservoir
Sarre Penn downstream of reservoir
TRANSFER: Unknown

SENSITIVITY

= Ephemeral tldally

influenced stream

LOW

= Fisheries status
unknown but

unlikely to be of
major importance

LOW

= Unknown
biological status

LOwW

< SNCI Marshland

LOW

* Landscape value
understood not to
be of major
importance

LOW

RISK OF IMPACT

Constr.
e Local

disturbance from
works

MODERATE
« Local

disturbance from
works

MODERATE
e Local

disturbance from
works

MODERATE
e Local

disturbance from
works

LOW ;
« Local

disturbance from
works

MODERATE

Oper.

< Damming
headwaters would
reduce dilution
flows and risks
saline intrusion

MODERATE

MODERATE

« Understood to
be tidally
influenced stream

MODERATE

1
1
I MODERATE
<

1
MODERATE

Note: Low impacts provided compensation flow is set at appropriate level.

Ref: 84.247.0/AW/3122/NRAFRAME.R02

UNCERTAINTIES
AND STUDY
REQUIREMENTS

= Whether
compensation releases
will be made

* Whether
compensation releases
will be made

= Whether
compensation releases
will be made

* Whether
compensation releases
will be made

= Whether
compensation releases
will be made

MITIGATION

= Compensation
releases down Sarre
Penn

= Compensation
releases down Sarre
Penn, reproduce
flow seasonality
and variability

* Compensation
releases down Sarre
Penn, reproduce
flow seasonality
and variability

= Compensation
releases down Sarre
Penn, reproduce
flow seasonality
and variability

* Compensation
releases down Sarre
Penn, reproduce
flow seasonality
and variability

BENEFIT
OPPORTUNITIES

MODERATE

LOW

LOW

LOW

1= Improve visual amenity

LOW



OPTION 10:
REACH:

CATEGORY

WATER
QUALITY

Assessment

FISHERIES

Assessment

AQUATIC
ECOLOGY

Assessment

TERRESTRIAL
ECOLOGY

Assessment
RECREATION

AMENITY
NAVIGATION

Assessment

Broad Oak Reservoir
River Stour and Estuary downstream of Plucks Gutter
TRANSFER: Unknown

SENSITIVITY

= Class A Estuary

HIGH

= Coarse fishery

MODERATE

= Moderate BMWP
Class B

MODERATE

= Great Stour
Nature Reserve

* Water meadows

LOwW

e Pleasant
landscape

LOW

RISK OF IMPACT

Constr.
* Local

disturbance from
intake works

MODERATE

= Local
disturbance from
Intake works

MODERATE
* Local

disturbance from
intake works

MODERATE

« Local
disturbance from
intake works

LOW

¢ Local
disturbance from
Intake works

LOW

Oper.

= Estuary to be
protected by
setting PF

LOW

* Estuary to be
protected by
setting PF

LOW

< Estuary to be
protected by
setting PF

LOW

« Risk of saline
intrusion to be
offset by PF
setting

LOW

= Estuary to be
protected by
setting PF

LOW

Note: Low risks provided prescribed flow is set at appropriate level.

Ref: 84.247.0/AW/J122/NRAFRAME.R02

UNCERTAINTIES
AND STUDY
REQUIREMENTS

* Details of operating
rules

= Further studies
required of min. PF to
estuary

< Maintenance of
autumn freshets under
operating rules - spate
sparing

« Further studies
required
e Detailed

« Impacts on Ash levels
& 5 months pasture
require investigation

* Effects on drainage
areas

MITIGATION

* Appropriate PF
d/s of Plucks
Gutter, 149 to 89
MI/d being
considered

* Need to maintain

freshets to estuary
in autumn to

ensure normal river

rise

< Appropriate PF

= Appropriate PF

= Appropriate PF

BENEFIT
OPPORTUNITIES

N/A

N/A

N/A

N/A

N/A



Rrf:

84.247.0/WP/ET/3122/NRAEAFLY .R02
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SUMMARY OF KIELDER RSStJUVTIOW AND TRANSFER SCHEME

Objectives of scheme;

The main purpose of the Kielder scheme was to guarantee
regional water supplies for domestic and_industrial purposes.
The reservoir regulates the rivers north Tyne and Tyne but the
scheme has the acity to transfer water south, via pipeline,
from the river Tyne "at Riding Mill to the river Wear at
Frosterly and the river Tees at Egglestone. As the actual need
for transfers has been much less frequent than originally
forecasts, regulation releases for i/dro Electric Power
generation are now a major component of the scheme.

Date. fif implementation:

The engineering scheme was completed iIn 1950, with Kieldcr
reservoir Tilling for the first time iIn 19S2.

Ehgsical _compp.nents pf the sdwewe,;,
Kielder Reservoir

: Catch[n%r/lt area: %%IOWOOOI\/Il
acity: ,
* $?gld: i oooMId
* Compensation flow: 114amid
* Maximum release: 60 cumecs (5184MiId)

Transfer Tunnel

* Tunnel length i 33km
* wear regulation capacity 300Mid oo )
* Tees regulation capacity 270MId @ pumps at Riding Mill)

Frequency of operation:

Prior to May 1993, regulation release were made for Hydro
Electric Power generation virtually every day (except during
dry summer periods). The HEP releases iInvolved an iIncrease in
flov from 1.32 cumecs compensation to a peak %eneratlng flow
of 16,4 cumecs for a period of around 6 hours* A new regime is
now being operated to minimize adverse iImpacts of such an
unnatural regime, this iInvolves making continuous releases
over 3 days per week at a discharge of 10.3 to 16.4 cumecs.

The transfer tunnel has been used mainlg to regulate the River
Wear during the dry summers 1939—1991) . The River *ear 1Is
subject to a Minimum Maintained Flow of 2 cumecs ot Chester—
le-Street and transfers have been necessary to prevent
violation. These regulation releases account for ov»r 5072 cf
the flow close to the release point and around 30£ cfF_thc f.lov
at Chester-le-Street during low summer flons.



Releases iInto the River Tees have been much less common as cow
Green_reservoir and the Lune/Balder group provide a greater
capacity for regulation than i1s available on the River wwar.

Consequer_ltl)i transfers were only made in 1389 and for a couwplfi
of days i1n 1990.

Hydrological Impacts

Regulation Impacts on the River Tyne

uf
Pre-Kielder Post™-Kielder
o5 Mean Dail Mean dail
Q Flow y Qos Flow Y
Reaverhill 2.0 19.9 3.0 20.8
Bywell 5.2 43.6 7.3 47.3

Low flows on the North Tyne have been substantially increased
as a result of Kielder.” The impact of flood flows is more
difficult to assess, though flood peak_reduction at Tarset
10km downstream from the dam has been estimated at S50%.

P erc eiMd and .measured, impacts

Measured i1mpacts

* Reduced diversity and abundance of macroinvertebrates
on the North Tyne 1mmediately downstream of Kielder.

S Reduced salmonid populations immediately downstream of the
am.

* Precipitation of organic compounds (W to 2cm thick) , rich
in Fe, Al and Jo, on_sediments immediately downstream of the
Dam (may account for invertebrate and Salmonid impacts) .

* Compaction of gravels due to HEP releases and lack of
natural floods.

* Marked 1increases in flow velocities on the rising limb of
HEP releases.

* Moderated temperature regime (higher In winter and lower iIn
summer) downstream of the dam.

Perceirved 1mpacts

* Reduced Coarse Tish populations downstream (eg Dace) .
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SCHEME SUMMARY SHEETS

COW GREEN REGULATION SCHEME

Objectives of scheme:

To support abstractions at Broken Scar and Blackwell for
domestic consumption and provide industrial supplies on
Teesside. Purely for river regulation. Enabled the MMF to
rise from 45.5MId to 127.3Vvid.

Date of implementation:

Completed 1n 1971.

Physical components of scheme:

Grid reference: NY 812290
Reservoir capacity: 40 915 Ml
Catchment area: 58.9 km2
Compensation water: 38.6 Mid

Maximum release: 600 Mid (when full)

Travel time to main abstractions: 24 to 38 hours

Frequency of ooeration:

Used virtually every day. Flood storage releases are made
from November to March of up to 550 Mid and support for
abstractions, on average 250 Mid, 1is generally made from
April to October. Releases can be altered every eight
hours so that the arrival of the water corresponds to the
night time pumping at the three abstraction points.
Regulation _releases from Cow Green can be very high and
in dry periods the whole length of the River Tees
benefits from substantial amounts of river regulation.

with/without hvdroloav: (values In cumecs)

Pre 1971 Post 1971
Q10 Q50 Q95 Q10 Q50 Q95
Dent Bank 19.5 3.2 56 19.4 4.2 2.0
(1956 - 1974)
Barnard Castle 36.4 7.6 2.4 29.0 7.3 4.0
(1966 - )

Perceived/measured impacts:

Geomorphology: none.

Physical 1mpacts Barnard Castle: pre 1971 max flow =
513 cumecs, post 1971 = 269 cumecs.
Dent Bank: pre 1971 max flow = 446
cumecs” (top®™ 38" flons are''pre” 1971) ;
post 1971 = 206 cumecs (only 3 flows
in top 63 are post Cow Green).

Water quality: mean annual potassium loadings have
been reduced to 60% of normal and



winter temperatures have increased by
1 C, whilst summer ones have dropped
by 2 C (Crisp 1977).

Navig/Rec/Amen: several studies done - awaiting info
i from FRC dept. i
Aquatic Ecology: largest impact was the flooding of a

unique river habitat. Downstream
impacts have been small i1e. changed
from one high quality fauna to
another. No dramatic family change
but some subtle species changes,

Conservation: several studies done - awaiting info
i i from FRC dept. o i
Fisheries: several studies done - awaiting info

from Fisheries dept.

List of internal/published reports on environmental
impacts of scheme:

Johnson, P (1988): “River regulation: a regional
perspective - Northumbrian Water Authority. Regulated
Rivers: research and management®, Vol 2, 233-255.

Northumbrian Water (1977): "Cow Green reservoir releases
experiment®, 23-28 June 1976, Internal Report.

Ottaway, EM and Clark, A (1981) : "A preliminary
investigation into the vulnerability of young trout and
Atlantic salmon to downstream displacement by high
velocities®, J Fish. Biol. 19, 135-145.

Numerous papers by T Crisp of the Institute of Freshwater
Ecology, malnlkz in the early to mid "70s but also:

. Crisp DI, Mann R K H and.Cubby P R (1983) Effects of
regulation of the River Tees upon Tfish populations below
Cow Green Reservoir. J of Applied Ecolo%y. 2, 371 - 386.
Crisp DT, Mann R K H, Cubby P R and Robson S (1990)
Effects of impoundment on Trout E)opulations in the basin
ci&fow Green Reservoir. J of Appl Ecology. 27, 1020 -

Environmental Resources Ltd (1993) : An iInvestigation iInto
the theoretical effects on the riparian environment of
altering regimes of flow regulation and water abstraction
I__\i)n the)Tees catchment. Final report for NRA (Northumbria
egion).



LUNE/BALDER RESERVOIR SCHEME
Objectives of scheme:

Partly to increase the direct supply yield of the system
and partly to support an increased abstraction from the
Tees at Broken Scar. Balderhead reservoir (built after
the 1959 drought) was believed to be onl¥ e second
reservoir in Britain to be built primarily for river
regulation, but since the construction of Kielder, its
role in regulation has diminished.

Date of implementation:
Completed iIn 1965.

Physical components of scheme:

Grid reference: NY 927183

Capacity: 19670 M1

Catchment area: 43.1 km2 (includes Hury and Blackton
catchment)

Maximum release: a bypass channel from Blackton around
Hury allows up to 730 Mid to be
released.

Frequency of operation:

Regulation is only used In wet autumns or springs when
there 1s surplus capacity iIn the Lune/Balder group and
insufficient water in Cow Green. The only other time
water might be used i1s If i1t 1s too late to release from
Cow Green as the travel time from the River Balder to the
abstraction points is much less than that from Cow Green.

With/without hydrology:

The available flow record before 1965 is too short for
any statistical analysis and the volumes released for
regulation from Balderhead are very small compared to
those from Cow Green reservoir in the gost 1971 period.
Any measured effects are therefore probably due to
construction of Cow Green iIn 1971.

Perceived/measured impacts:

As releases are only made infrequently, no impacts are
measured or believed to exist due to regulation from
Balderhead reservoir.

List of internal/published reports on environmental
impacts of scheme:

-None known.






CLYWEDQO RESBRVOn; sSCHEME SUMMARY
i
Objectives - Clywedog Reservoir was designed specifically to augment Hows in the River

Severn during low flows and operates as part of the River Severn Water Resources/Supply
system together with the Shropshire Groundwatfier Scheme and Vymwy Reservoir.

Pj<*  Tijnj*Um»t«rion. dommissioned in 1967.

! i

2 : I X == :
Phyncai Ccrnipntwiu nf . The reservoir provides storage of 30,000 Ml derived from
a naturalXatchment in tho Welsh uplands and is operated by Severn Trent Water under a
Section 20 agreement. Releases are made to foe River Severn via the Afbn Clywedog. In
addition to regulation, releases are also madp for hydropower generation under suitable
conditions.
i

Frequency of Operation *~charges are made from the reservoir durin?_ low flows to ensure
that the average flow in the River Severn at Bewdley In any period of five consecutive days

;\s}"r/]gt less than 850 MI/d*Isubject to a maximum release from Clywedog Reservoir of 500

PIMpeiygtt/Meaairad Impact*
*  Hydropower generation is a benefit of this scheme.
e Contributes to flood alleviation.

|

 Flows lower and therefore temperatu'res higher leading to some increase in
eutrophication in the lower reaches of the Regulated river.

* Introduces water ofjgood quality thus changing water character on mixing with
receiving water downstream.

i
*  Reduced dissolved oxygen levels have beeh experienced in the past (now resolved).

* Chahgesin temperatuge.

Increased recreation activities (water sports, angling).

»  The changed flow profile caused by regulation reduces the periods during which reaches
of the River Severn are navigable.

»  Impacts associated with construction of scheme.

* Rapid changes in flow/level may havi adverse impact on aquatic life on Afon
Qytvedog.

CMAN/368



vybnwy RBSBRVOm ISCHHMH SUMMARY

Qhjflctivtt « Vymwy Reservoir was designed to supply Liverpool but also operates in a
minor role as part of the River Severn Water Resources/Suppiy system together with the
Shropshire Groundwater Sdheme and Gywedog Reservoir.

TV" Lhke Vymwy has supPlied Liverpool directly since 1891

Phyric™ iCoTOnrnent. of feehemft . The reservoir located in the Welsh uplands provides
storage of 59,/DOMI and provides a direct supply of up to 208 Ml/d to North west.

A "waterfbank™ system is [employed so that a proportion of storage can be used to regulate
the flow Ofthe River Several.

Flood drawdown releases 403 Mli/d. [ ]
| ;
Typical regulation release including compensation of 45 Mi/d is ¢ 8 0 Ml/d.

Compensation releases of! up to 45 Ml/d are made via the River Vymwy into the River
Severn. The scheme is operated under a Section 20 Agreement by Severn Trent Water.
L4

t i i
kf h £ OpMtirm - t-Jse for river regulation is variable, in drought years eg 1975,1976,
1984,1989.1990 would b$ used for 80 to 120 days.

oMM TN

Variation in flows ancj temp changes.
|

Recreation on reservoir and canoeing when large releases are made.

CMAN/Jfit
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CARSImWtON RESERVOIR - SCHEME SUMMARY

Otafoctrrc* - The scheme forms part of Severn Trent Water’s supply strategy for meeting
demands for water in the Eaft Midlands into the next century.

t

; |
Batt .t rttpkm enttrifiP - OPened summer 1992.

Pfavaical Component*  krhrar= . The reservoir scheme consists of a pumped stora%e
reservoir of 33,000 MI capacity situated on the Scow g)r Henr_nore)l_Brook, a tributary of the
River Doye between Wimworth and Ashbourhe in Derbyshire. The reservoir has a small
natural catchment (13 km2), with all significant inflow pumped from the River Derwent, at
Ambergatc, at times of hign river flow. Water*stored in the reservoir may then be released
back to the River Derwent at Ambergatc to sugport abstractions from the lower Derwent.
Water may also be transferred via Ambergate to'Ogston Reservoir.

i i
Fflpgncnev of Operation - This scheme will be utilised during summer months to augment
flows in the River DerwenL which in turn supports public water supply abstractions for the

East Midlands supply system. The use of tnis resource is planned to increase to meet
increased isupply demands in the future.

PereeiY txj/Meimred Impa clt _

*  Altered dissolved oxyqen and temperature Fl{egime. N
» Increased recreation activities associated with reservoir (water sports, angling).
*  Visual impact and increased influx of visitors to reservoir site.

« Impacts associated Mth construction of scheme eg acid runoff which required
neutralisation before discharge to Henmore Brook.

CMAN/S6S
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SHROPSHIRE GROUNDWA'II'ER - SCHEME SUMMARY

Qhfre»ivg» - The Shropshire Groundwater Scheme is a phased development designed to
augment;flows to the River Severn in drought years as part of the River Severn Water
Resources/Supply system.! The River Severn Is a major water resource for public supplies
within the region and to Bristol as well as njeeting the needs of agriculture and industry.
During low flows the River Severn is boosted primarily by releases from Clywedog
Reservoir and only in drought years is water pumped from the groundwater in Shropshire to
maintain Severn flows.

[ )

i J i N
Due <f; Twpinmwmtv™ni- Two phases oui of a planned eight have currently been
implemented. Phase 1wasjfully operational in 1984, and phase II in 1992.
i :

1 : . i
o ~Schema * The overall scheme consists of eight stages, each
comprising boreholes linked by pipelines to the River Severn or its tributaries. Water
pumped from the borehole* is used in this way to augment River Severn flow.

The total'g_Foss ield wheii the scheme is fuIIyicommissioned will be 330 Ml/d equivalent to
235 net. Yield from phases | and n is of the order of 105 MI/d gross (80 Ml/d net).

Pfpggencv of OJoeration J The normal mode of operation is to use Clywedog Reservoir
during the first days and weeks of a drought. When Clywedog has insufficient water in store
to meet the subsequent au%mentatl_on requirements in a severe drought boreholes in the
Shropshire Groundwater Scheme will be oroiight into operation. Phase 1 has been used in
1984 and 1989, Phase Il was extensively test pumped in 1991/92 but has not yet been
required for operational purposes.

Perceived/Mewnred

»  Some decline in groundwater levels and soil moisture levels at pumping sites where the
water table is shallow anyway. A thorough environmental monitoring programme
forms pan of the schcjme to identify any problems.

[ >

*  Low levels of dissolved oxydgen in the ptjmped groundwater are a concern. In practice
this problem is S|mpl¥ solved by use of an aerator.

. Lovve;r temperature 01|‘ pumped groundwater (10°C) being added to surface water (at 15 -
20°C). :

Increased iron/mangknese concentrations which can coat the stream bed and have
adverse implications 1for downstream abstractions,

» Increased chloride Revels, affecting witer character and restricting use for spray
Irrigation. ?

*  Reduced water tempolraturcs suppress fish growth and reproduction.

. Regulation affects residual flows to the esftiary and hence salmon migration to the
estuary and upstream’

Nitrogen gas from grbundwater can give fish a version of the bends.
' .

*  Impacts associated with construction of scheme.
OWN«8
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SUMMARY OF PERCEIVED AND MEASURED IMPACTS ON RIVERS DOWNSTREAM

ALAN RESERVOIRS

OF_THE_ ELAN AND USK RESERVOIRS

ggorphology - No recorded impact. (Ron Clark - Monmouth)
w
looding * Only problem occurs if the reservoirs are emptied(Ron

|

Water Quality -

>
I

Clark- Monmouth)

Some unrecorded evidence that the impoundment has
affected the temperature,DO and pH regime of the river
d/s of the dam particularly at times of impoundment
overspill. The water quality staff at Monmouth are about
to start looking at the effects iIn more detail.

May have had an effect of increasing the amount of iron
and manganese ions.(Pauli 1978-unpublished MSc Thesis on
Benthic Inverts and deposits in the R Elan) Mean
concentrations of 0.5 Fe and O.IMn mg/1 in the river
Elan. This was 10 times the results in the upper Wye.
Complicated by water treament works effluent and
acidification problems also in the area. Upper Wye
Catchment Management Plan 1993 - says the water quality
may be effected by the impoundment.

| avigation/Recreation and Amenity - No recorded impacts. But knock-on

effect of influencing angling success. General
inconvenience of alterations in flow.

Aquatic Ecology - Ref The effects of Impoundment on the downstream

Macroinvertebrate Riffle Fauna of the River Elan -
R.J .Inverarity, G.D.Rosehill and M _.P .Brooker 1983
pointed out that macroinverts pops in R.Elan d/s of
reservoir were less diverse as compared to those in the
river Wye. Could have been due to elevated iron and
manganese (including deposition of iron and manganese
salts on the substrate), reduced pH, reduced
temperature or increased invertebrate drift due to
high/fluctuating flows. All of which could have been
caused by impoundment. Difficult to differentiate the
effects of regulation from those of acidification in
this catchment. Also see Caban Goch Reports.

Conservation/Terrestrial Ecology - No recorded impacts although it is

Fisheries

necessarily a change in ecology from what was there
before the reservoir was constructed. Changes in
riverflow also affect riparian communities when there
is an iIncrease in the depth of the water.

Fish population immediately d/s of dam is very poor with
only a few brown trout and pike present. Fish pop
improves Tfurther downstream.

Temperature regime can be seen to affect che growth of
juvenile salmon and trout but no formal report t show
this. Could affect fry emergence and survival. Smolt
migration is also affected by temperature and flow.

Large variations in flow cause .unstable habitat for fish
reproduction and may even lead to stranding of juveniles
when wetted area of river bed is significantly reduced by
impoundment. No direct evidence for this in the Elan.
Of course a large spawning area was lost iIn che creation
of the reservoir.

Possible effect of various metals in the water restricts
improvement in Ffisheries in the river Elan.



The altered flow regime muse also necessarily have an
effect on Che fish population by inhibiting feeding
activity and cause loss of food organisms due to
invertebrate drift.

USK RESERVOIR
Ceomor-phology/Physical Impacts - No effect shown

Water Quality - Only proper survey done was during drought to look at
DO in Usk d/s of reservoir. Other problems envisaged
include change in temperature and pH.

Nav/Rec/Amenity No recorded effects

Aquatic Ecology No data to show a problem. As from this year we are
monitoring the biology up and downstream of the
reservoir so will be able to conclude something from
this. Must have some effect on Biology due changes in
flow regime, temperature etc. as in the Gian.

Fisheries -



SYNOPSIS. The South East Wales Conjunctive Resources Group,
comprising water resources, water treatment and Ffishery scaff
from the National Rivers Authorl!ey and Welsh Vacer, was
established to optimise the combined use of che water
resources serving south east Vales. This paper identifies
the current resources and briefly considers che historical
operation of the sources and che changes instigated following

the droughts of 1976 and 1984. More recenc changes,
particularly to the regulation of the River Usk, are
discussed.

DESCRIPTION OP SOOTH EAST WALES CONJUNCTIVE RESOURCE SYSTEM
1. The South East Vales Conjunctive Resource area Iis
approximately 2400 sq km and affords a supply of 5C2 MI/d co
a population of 1.25 million people concentrated in che
conurbations of Newport and Cardiff and che industrial
valleys of Gwent and Glamorgan and the Usk valley. The
resources available co meet chis demand tra sh:vr
schematically In Figure: 1.

OPERATION BEFORE 1976

2. Prior to 1976, the available water resources comprised:
a) Six upland direct supply reservoirs Jlocated ir. t>
Heads of the Valleys area (roughly mid-way between Cardiff
and Brecon) and constructed between 1884 and 1935. These
are, from west to east, the Taf Fawr group (Beacon*
Cantref and Llwynon reservoirs), the Taf Fechan a.v.;i
(Upper Neuadd and Pontsticill reservoirs) and Taly™ont.
b) Usk reservoir, situated in che headvacers of rhe ?2..w:

Usk near frecasrle usee for both direct supply : r-.
valley and regulation of the River usk.
c) A pumped storage reservoir at Llar.degfe”c. r.cf.v

Pontypool* -relying on abstraction frott the River Us*
Rhadyr near to the tidal IlImir .

d) An abscractlon from the River Usk

nc-ar to rk tikkil Jinsit.

e) A number of springs and small reservoirs collectively
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known as the Minor Sources mostly located In the Hoad.? of

che Valleys area near Merthyr Tydfil.

3. The raw wacer from these sources was supplied to a
number of major creacment vorks. There were cwo works for che
Taf Fawr sources (Caneref and Llvynon) # cwo vorks for Che Taf
Fechan sources (Neuadd and Ponesticill) * a separate works at
Talybont, and two works (Sluvad and Court Farm) which are
effectively one unie and were associated with Llandegfedd
and the River Usk abstractions at Rhadyr and Llancrisanc.

4. There were two other upland sources In che area, bur
neither were available for water supply purposes in south
east Wales:

a) The Elan Valley reservoir complex in mid-Vales provided

direct gravity supply to Birmlnghaa and had a atnor river

regulacion role on che River Wye.

b) Cray Reservoir, sieuaced near Usk reservoir, which

provided a direct supply to the upper Swansea valley.

5. Each of the above reservoirs was constructed Co provide
direct supply to a specific demand area. There vas minimal
provision for Che transfer of vacer between sources and
demand areas. The demand areas for each source and the
usable scorage Is detailed below:

Source Scorage (MID) Original Demand Centre

Talybont 101340 Newport

Taf Fawr 7,869 Cardiff

Llandegfedd 23,650 Cardiff

TaFf Fechan 15,913 Rhyoney and Taff valleys
and Llancrisant

Sian 99.106 Birmingham

Usk 11,990 Swansea Valley

Cray U ,204 Swansea Valley

6. The lack of any real flexibility led to major
problems in 1976. Some sources were virtually empty whilst
others were noc. Most of Cardiff and Kerchyr Tydfii
were subject Co 18 hour supply rota cuts and supplies were,
only maintained by obtaining drought orders co permit
abstraction from che River Usk, Tfurcher depleting the already
low fFlows. However, Newport*s supplies were noc interrupted

SYSTEM CHANCES 1976 - 1989

7. Following che drought of 19/fc, Welsh Wattr Aurhc:.
made substantial iInvestment, to increase both th« rescjr;-
available to south east Wales and the Tflexibility of che;r
use. Initially progress was made by developing the embryori*
Kiver Wye Regulation Scheme for wacer supply purposes. TV.;:-
started in 1985 by redeployimg che Elan Valley restrvoi: :
compensation water and 1lcensing an associated abstract:*:,
from the River Wye at Monmouth. This abstraction s punspid



co Courc Farm in Che lower Usk caccive™.c for e.reefer.:,
addition, powers were obcained co use Cray reservoir for
regulation purposes co support che Rhadyr abstraction zc
Llandegfedd.

8. Operational yields were derived for each of che
reservoirs and the regulation systems using the methods
discussed In Reference 1.

9. ExCenaive analysis of Inflow data for each of these
sources has shown that che majority are single season
critical with the exception of Usk Reservoir. Taf Fechan and
Talybont reservoirs are borderline.

10. The Conjunctive Resource area can be subdivided inco a
number of demand centres which are listed belov together vich
their current demand values:

Cardiff Demand Centre 223 Ml/d
Talybont Demand <Centre 62 Ml1/d
Taf Fechan Demand Centre 120 Mi/zd
Minor Sources Demand Centre 23 Ml/d
British Steel (Llanvenm) 74 M1/d
Total 502 MI/d

11. The total demand of 502 MI/d 1is matched by o
operational yield of 510 MI/d. Overall, there are Just
sufficient resources to meet che demands under drought
conditions.

12. In che Heads of the VallLeys area, che saall, elevated
Minor Sources have a particular problem e their output has
to be reduced early in drought conditions co maintain certain
minimum supplies. Operationally, chis shortfall can only be
met from che Taf Fechan reservoirs which are already unable
co satisfy their demand area fully. The solution has cece
from the additional resource from che regulated River Wye via
Court Farm which 1is now able to supply the Cardiff and
British. Steel demand centres. This in turn allows
resources In the Taf Fawr reservoirs to be redeployed *c
support the Taf Fechan sources up to a maximum of £2 MI/d.
An extra 10 MI/d can be supplied into che Taf Fechan dens:.,
centre from south west Vales (originating from Llyn Briar.nc
reservoir) via the Pyle Transfer together with a further /-
MI/d from Sluyad and Court Farm by pumping up che Taff valK;-
ac Cilfynydd.

13. This has required conscruccion of £ r.usber
interconnections. small pumping seacions. ~d & .=:
increase in treatment capacicy at Court Faic. Aoil_ti.ov-—-
minor incerconnections allow Sluvad/Court Faros vater_
support certain parts of the Talybonc supply @riea.

OPERATIONAL MANAGEMENT DEVELOPMENTS AFTER 1S£?

14.Since che droughcs of 1989 and 1990, the emphas:*
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been on refining che operacion of che existir.: I”source* r

maximise chelr use, racher chan on major engineering capitai

investment. The smell surplus of yield over demand requires
careful management of che resources co minimise che risk of
supply failure and che need co apply Tfor drought orders.

This requires particular care early In che year co ensure

that che upland, dlrecc supply sources are noc overdrawn, cOO
soon. Security of supply only exists. If there Is sufficient
water retained in Taf Fawr co support Taf Fechan.- This in
turn requires Llandegfedd to replace che Taf Fawr water

normally provided to the Cardiff demand centre.

13, Operational concrol rules have been agreed by che
Group. The underlying premise of che control rules Is chat
the system is operated co maximise resource and supply

security during times of drought or when a resource shortfall

threatens rather chan co minimise coses.

OPERATIONAL CONTROL RULES

16. As an example of che concrol rules used, ehis sectior.
examines che operation of che Cray, Usk and Llandegfecc
Reservoirs - the River Usk Regulation Scheme.

17. Prior co 1991, che Rhadyr abstraction had :vo .

conditions. Firstly, below a particular river flow, vi".r:
had to be released from Usk Reservoir to sazch chc
abstraction on a “put and take# basis. Secondly, releaser

had Co be made to the river co leave a minimus river flov a.
227 M1/d below che abstraction point. Under such condition:
resources should have been "donatedl to che river vhich de:.
could not be abstracted. In practice, this never happened.

18. In practice during che- 1976 and 1984 droughts,
regulation water was held In Usk Reservoir uncil laze in t:-
drought. By chat clme, the river flows had recessed tc
point where the maintained flow condition case ir.ee fcrc-
SInce overall resources were depleted, drought orders ver<
obtained to remove the. maintained flow- condition and chi-
les* stringent “put and taker.condition prevailed. Once t~.
regulatlon storage was exhausted,...further, drought orders ver*
obtained authorising abstraction —-froa. the natural zlev.

19. During the 1989 and 1990 droughts, drought orders :
avoided by- transferring Usk Reservoir storage, to Llancect*-
early In the season and therefore before che caintainec r.re-
condition became effective.-.

20. Whilst avoiding drought orders and Tfully usinf rh* -
Reservoir resource, the early season transfer r.
drawbacks. Usk Reservoir has poor refill ch.l:

Drawing down the reservoir early iIn the suz -
unnecessary, and could result in the reservoir no- re

at the start of the next summer and compromise 1its cri-rit:.:
in chat second year. In addition. che direct

Swansea Valley would be restricted co che zv.i—
throughout Che summer and possibly the :ol".:-.

These problems have been overcome by the 5ir. ee 1i.
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diagrams (Figures 2 and 3) arul by wvarvir.r t r : *
abstraction licence co remove che aaincained flov csnrfi tlor..
initially on a trial basis.

21. Both Cray and Usk reservoirs are scill able to provide
a direct supply co the Swansea valley. This can be at races
of 43.2 MI/d and 36 MI/d respectively when storage allows.
However the majority of the storage in these reservoirs Iis
reserved Initially for river regulation purposes co supporc
supplies in Che Conjunctive Resource area. As che vyear
progresses the cocal quantities in scorage are matched
against demands on the Llandegfedd/Courc Fan syscem co
establish how ouch of the Cray and Usk scorage needs co be
retained for regulation purposes.

22. This Is 1illustrated 1iIn Figure 2. This shows the
available storage of Cray, Usk and Llandegfedd sir.glv sr.d
aggregated on che vertical axis and che average demand line
of 200 MI/d plotted against the calendar on che horizontal
axis. It should be noted that che demand curve terminates
on Che Isc November, the agreed drought end date. After that
data, Tflows In the River Usk are assumed co have recovered
sufficiently to allow unsupported direct abstraction.

23. Figure 2 demonstrates that che combined usabl=
of the three reservoirs cannot guarantee co reet the averse
demand (assuming the onset of drought conditions) -nI”"s?
storage is at a maximum on the 5th Hay.

24. As Che summer progresses, the storage rerjir-?c t: rvat
the south east Uales demand reduces. Any surpi” stcr-r.e -or.
be directed co che Swansea valley as direct supply Thus
the total storage in Usk and Llandegfedd is In excess :f
34,000 MI on the 12th May it is possible co reallocate th*
remaining Cray storage for direct supply. If the Liar.*>gfec-
storage Is In excess of 23.500 MI after the 5th July the <=
Reservoir scorage can be reallocated for direct supply.

25. Study of the River Usk drought flow records shevs
the earliest dace on which the “put and take®™ conditier. coc.:;;.
ever come Inco operacion is the 10th May (1976). csir.p ;ht
flow recession characteristics of the River Us*.
possible co forecasc the minimum quantity di",
abscracted from the natural river flow up *c Z° i
advance. Hence, with suitable flow conditions. t?
which Cray and Usk can be reallocated to direct suprlv r.v
earlier than indicated in paragraph 25.

26. Figure 3 illustrates che control Ci>nrr.
Reservoir, which 1is used in conjunction wi*,:.
in Figure 2 and has been agreed by ih* iensvli: "

27. This concrol diagram vss ¢ ns:ruX*cd
*10-Component Method* (Reference 2). Decailec explanation
che construction .of. the control rules 1is net Liver, hfcr-
However the control rule diagrart cloarly d :c
reservoir should be operated.. The EXCESS 'Cw:=*
storage position where refill 1is guarar.in/cC
direct supply can be taken. The CONSERVATION ZCN-



where Che prioricy muse be to constr/e scorage for regular ion
against che onsec of a drought -and allows only che miniiaum
direcc supply abserection. The CONDITIONAL ZONE defines che
area where storage can be allocated between regulation and/or
direct supply (Zone 1) or regulation vich minimum direcc
supply only (Zone 2) as the summer progresses and the overall
resource position unfolds.

FUTURE DEVELOPMENTS

28. An additional feature of Figure 3 which is currently
being examined is che ability to make specific releases co
Che river purely for environmental and TfTishery
considerations. If in the Autumn the storage is above che
99% refill curve and the full direct supply entitlement is
being achieved, releases can be trade for fishery purposes.
This may benefit che full Ilengch of che river in Autumn and
che operators can be secure in che knowledge chat refill will
not be compromised.

29. Other issues are che condicions for che River Usk
abstractions, che relacion of the River Usk regulation co
control diagrams for che Taf Fawr and Taf Fechan sources, and
Che potencial <co vary current statutory co2pensA:lcn
discharges.

CONCLUSION

30. The Consulcacive Group has brought together staff free
both the NRA and Welsh Uater co optimise existing resources
and resolve matters of potencial conflict. Progress eo cate
is evidence of the positive results chat can be achieved by
close co-operation between che two organisations. These
include improved supply security, operational Tflexibility rrc
benefits co che river flows for migratory fish and the river
in general

31. There remain many opporcunicies co operate this coup lex
Conjunctive Resource Scheme in dlfferenc ways to 1iImprove
resource availability, improve river, flows or Improve
resource security. The organisacional framework is in p:ace
to enable thesi developments co be progressed.
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3.2.3

3.2.6

3.3

b) Hands-off flow and Residual flow at Bryn Aled.
)] Isc Jane to 31sc January inclusive:

when the residual flow ac Bryn Aled Gauging
SCation is less chan or equal to a hands-off flow
of 29.5 MI/d then the daily volume of regulation
water released shall not be less chan che Bryn
Aled daily abstraction.

-
-
o/

1st February to 31st May inclusive:

a minimum residual flow of 11.4 MI/d is to be
maintained downscream of Bryn Aled weir at all
times.

Regulation/Augmentation Releases:

Releases are made to supporc Che seasonally varying abscraccion at
Bryn Aled when the residual flow 1is Iless than or equal to the
hands-off flow and during the- period 1 February to 31 May inclusive
to support the defined residual flow below the Bryn Aled intake.

Generation®of Hydro-electricity:
No provision at present or foreseen.
Other Releases:

A total of up to 354 MI, recalculated as of 1st April each year, is
available to provide releases for fishery purposes. Additional
releases of spare water may be released during auction and vincer
conditional upon Aled |Isaf seasonal storage. Oecails of Che
arrangements for discharging these releases are provided 1iIn the
Operating Manual. (See 3.3 below).

It may from time to time be necessary to make releases from the
reservoirs for reservoir safety or maincenance.

Flood Alleviacion:

There are no explicit arrangements for the provision of .storage for
flood alleviacion, but proposals for use of Aled lIsaf reservoir for
such purpose in che autumn and early winter may be brought forward.

Operating Manual

The deCailed local arrangements Tfor operation of che Aled Regulation
Scheme will be specified in an Operating Manual.

The contents of che Operating Manual muse be iIn accordance v.:I:. I
principles set out 1iIn chis Agreement. The Operating Manual can b*
updated and revised as necessary without modification ro
Operating Agreement, provided, that such updates and revisa: -
agreed by boch parries zo this Agreement.



SCHEDULK 3 - MANAGEMENT RULES

General Principles

LIyn Aled and Aled Isaf provide storage for river regulation of tnt
Afon Aled. The water from Bryn Aled is pumped to Plas Uchaf
reservoir from where it gravitates to Glascoed Water Treatment Uorks.

The created water supplies a large pare of the highly seasonal demand
on che Norch Wales coast around Rhyl.

The direcc supply yield of che Aled reservoirs has been calculated
using"” 1984 hydrological data, assuming a statutory compensation water
of 2v27;M1/d from Aled Isaf. Based on these assumptions the safe
yield co.wacer supply is 13 MI/d. The use of Llyn Aled and Aled Isaf
for river regulation 1iImplies a safe yield iIn excess of 13 MI/d.
However in return for greater flexibility of operacion and the
implemencation of Che Operacing Agreement the Undertaker has agreed
Co balance Che pocencial loss of “river regulation® yield against the
benefit to Che river incerescs of operating with che rare use of
Drougjht Orders and flexibly using a basic allocacion of scorage for
fishery freshet releases ac crucial Cimes of che fishery year.

The river regulacion releases supporc abstraccions by che Undercaker
aC Bryn Aled, compensation wacer releases from Aled lIsaf, a residual
flow for pare of Che year downscream of Cryn Aled incake and fishery
releases ir. fho autumn \nd winter.

These m£.nagemenc rules, based on che assumption that the revised
licence applicacion will be successful, provide a framework for
ensuring ChaC Che facilicies are used to maximise operational yield

while providing significant benefits for fisheries management and
river InCeresCs in general.

River Regulacion Commitments

Abstractions:

The river regulacion releases from Llyn Aled and Aled Isaf are
required Co supporc a defined residual flow below the Bryn Aled

incake on <che Afon Aled and abscraction at Bryn Aled by the
Undertaker.

Compensation Wacer and Hands-off Flows:
a) Statutory releases

Aled Isaf
Continuous 0.026 tt /sec (.27 Ml c



A smal) Consul Locive Group (Che Aled and Clwyd Consultative Group)
shall exist co assise iIn che updating and revision of che Operating
Manual . Ics fur.eeion will be co agree procedures for che release of
reguiacion wacer and freshets for river management, procedures for
emergencies and Droughc Order applicacions, co agree any updating and
revisions co che Operating Agreement, and to undertake such formal or
informal discussions relevant co the Aled Regulation Scheme as may be
necessary. The Consultative Group will consist of:-

2 representatives of che Undertaker, and
2 representatives of the Authority.

The names of che representacives are specified in the Operacing
Manual cogecher with such ocher informacion as nay be appropriace.

The Consultative Group may, in undertaking their duties, liaise vich
specific local riparian incerescs, and Stacucory Conservation Bodies,
as and when the Consul tative Group members agree such liaison 1is
appropriace.

The Firsc issue of this operacing manual is Co be prepared by che
Consulcacive Group representacives prior to 1 March 1990, afcer which
Che Undertaker will be responsible for ics production and
discribucion.

Provision is Co be made in che Operacing Manual for data exchange
becween the Authority and the Undertaker 1in relation to reservoir
levels and storages, river levels and flows and abscraccions ac any
sice where such data is measured so far as it relates to the
operation of the "Aled Regulacion Scheme”.

Drought Management

It is recognised chac che operacional yield can only be safeguarded
by conserving scorage iIn the Spring of each year. The i1ntended
licence conditions ensure chac Droughc Orders will rarely be required
and then only when che aggregaced scorage of Llyn Aled and Aled Isaf
falls below the Aled Syscem Droughc Alerc Curve as defined in che
Aled Operating Manual. (See Figure 2).

Cost Apportionment

The Apportionmenc Ratio agreed is that the Authority shall contribute
100% of the costs as deCailed in Schedule 4.

Other Relevant Matters
The Undertaker shall consult, the Authority before varying che

management of any land if that variation involves any tnatcer which is
the subject of this Agreement.



4.1

Any information which the Authority may acquire relating to pollution
incidents which could adversely affect che operation of Sryn Aled

intake or the quality of water abstracted is to be notified to the
Undertaker without delay.

SCHEDULE 4 - FINANCIAL PROVISIONS

Payments Dates

Payments will be made by the Authority Co Che Undercaker in respect
of each relevant financial year commencing 1 April as follows

Four quarterly Provisional Payments on 1 July, 1 October, 1 January
and 31 March in Chat year.

Final Payment on whichever day shall be the later of I July following
the end of the relevant year or thirty days after receipc by che

Auchority of the Statement of Final Tocal referred to in clause 4.4
below.

Method of Payment

Payments will be made by che Authorto Che U idertaker by bank

transfer, cheque or other reasonable means acceptable to che
Undertaker.

Amount of Payments

Each Provisional Payment in respect of a relevant year will be of an

amount equal to one quarter of the Forecast Net Operating Charge
calculaCed in accordance with clause 4.6.

The Final Paymenc iIn respect of a relevanc year will be of an amount
equal to che difference between che Final Tocal 1in respecc of that
year as calculated in accordance with clause 4.4 and the sum of che

Provisional Payments already.made 1in respect of chac year in
accordance with clause 4.1.1._,

Final Total

The Final Total in respect of a year commencing che 1 April shall be
the sum of the percentage attributable to che Auchority in accordance
wich the apportionment ratio in clause 3.6 of this Agreement of:

a) the expenses, excluding depreciation, wholly, exclusively
and necessarily incurred in carrying our che aucies ir
terms of Schedule 3 of chis agreemer.c , ouc excluding any
costs associated with che operacion of che Bryn Aled
pumping scacion.

10



4.1

4.1.1

4.1.2

4.2

4.3.1

a) All proposals for works relacing «, construction and/or
maintenance of land drainage facilici&s wndercaken by che

Authority, co be subjecc co consultation vich che
Undertaker prior co iraplemencacion *r.c to be scheduled by
joinc agreeraenc. In che case of icenis of work co be

carried out by chird parcies under che Consenc procedures
of che Land Drainage Acc 1976, che Authoricy will advise
che appiicanc Co consult wich the Undercaker as co che
scheduling of che vorks so as co avoid interruption co
the Undertaker®s abstraction ac Oolbenmaen.

b) Any proposals for changes in land use, in the catchment
area upstream- of Doibenmaen, which are the subject of
planning consultation with the Authority, shall bemade
known to the Undertaker by the Authority, so that the
Authority may convey to the local planning Authority any
observations or objections to the proposals on the part
of the Undertaker.

c) Any information which the Authority may acquire relating
to pollution incidents which could adversely affect the
operation of the Dolbenmaen intake or the quality of
water abstracted 1is to be notified co the Undertaker
without delay.

SCHEDULE 4 - FINANCIAL PROVISIONS

Payments Dates

Payments will be made by the Authority to the Undertaker in respecc
of each relevant financial year commencing 1 April as follows:-

Four quarterly Provisional Paymencs on 1 July. 1 October, 1 January
and 3l March in chac year.

Final Payment on whichever day shall be the later of 1 July following
the end of the relevant year or thirty days after receipt by the
Authority of the Statement of Final Total referred co in clause U .L
below.

Method of Pavmenc

Payments will be made by che Auchoricy co zre Undercaker by ba.>=
cransfer, cheque or ocher reasonable mears c-.ce/‘able rn :
Undercaker.

Amounc of Pavmenus

Each Provisional Pnvel!;:" I\ respecc of a relevi-r.: -5 o:

“amount:”equal rc a.i ciarror of Forecast
calculated iIn accorcarv. wich clause ”".6.

12






SUMMARY OF PERCEIVED AND MKARTTBTID IMPACTS ON RIVERS DOWNSTREAM

ELAN RESERVOIRS

OF THE ELAN AND PSK RESERVOIRS

Geomorphology - No recorded impact. (Ron Clark - Monmouth)

Flooding -

Water Quality -

Only problem occurs if Che reservoirs are emptied(Ron
Clark- Monmouth)

Some unrecorded evidence that the iImpoundment has
affected the temperature, DO and pH regime of the river
d/s of the dam particularly at times of impoundment
overspill. The water quality staff at Monmouth are about
to start looking at the effects in more detail.

May have had an effect of Increasing the amount of iron
and manganese ions. (Pauli 1978-unpublished MSc Thesis on
Benthic Inverts and deposits in the R Elan) Mean
concentrations of 0.5 Fe and 0.1Kn mg/1 in the river
Elan. This was 10 times the results in the. upper Wye.
Complicated by water treament works effluent and
acidification problems also in the area. Upper Wye
Catchment Management Plan 1993 - says the water quality
may be effected by the iImpoundment.

Navigation/Recreation and Amenity - No recorded impacts. But knock-on

effect of influencing angling success. General
inconvenience of alterations in fTlow.

Aquatic Ecology - Ref The effects of Impoundment on the downstream

Macroinvertebrate Riffle Fauna of the River Elan -
R.J.Inverarity, G.D.Rosehill and M.P.Brooker 1983
pointed out that macroinverts pops in R.Elan d/s of
reservoir were less diverse as compared, to those iIn the
river Wye. Could have been due to elevated iron and
manganese (including deposition of iron and manganese
salts on the substrate), reduced pH, reduced
temperature or increased invertebrate drift due to
high/fluctuating flows. All of which could have-been
caused by impoundment. Difficult to differentiate the
effects of regulation from those of acidification in
this catchment. Also see Caban Goch Reports.

Conservation/Terrestrial Ecology - No recorded impacts although it is

Fisheries

necessarily a change in ecology from what was .there
before the reservoir was constructed. Changes in
riverflow also affect riparian communities when there
is an increase iIn the depth of the water.

Fish population immediately d/s of dam is very poor wich
only a few brown trout and pike present. Fish pop
improves further downstream.

Temperature regime can be seen to affect the growth of
Jjuvenile salmon and trout but no formal report to show
this. Could affect fry emergence and survival. Sir.oi—
migration is also affected by temperature and flow.
Large variations in flow cause unstable habitat, for. fish
reproduction and may even lead to stranding of juveniles
when wetted area of river bed is significantly reduced by
impoundment. No direct evidence for this in the Elan.
Of course a large spawning area was lost in the creation
6f the reservoir.

Possible effect of various metals in the water restricts
improvement in fisheries in the river Elan.



The altered flow regime must also necessarily have an
effect on the fish population by inhibiting feeding
activity and cause loss of food organisms due to
invertebrate drift.

USK RESERVOIR
Geomorphology/Phys ical Impacts - No effect shown

Water Quality - Only proper survey done was during drought to look at
DO in Usk d/s of reservoir.. Other problems envisaged

include*change, in temperature and pH.
Nav/Rec/Amenity No recorded, effects.

Aquatic Ecology No data to show a problem. As from this-year we are
monitoring the biology up and downstream of the
reservoir so will be able to conclude something from
this. Must: have some effect on Biology due changes in
flow regime, temperature etc. as in the Elan.

Fisheries



Licence No.
and Variation

1~/55/18/408

3.1 General

Dace Licence Relates co:

Issued Holder
15 Jan 1985 Welsh Uacer Monmouth Pumping Station
Auchority Licence co abscracc vacer

from che river ac che race
of 30 million gallons per
day. The abscraccion co be
supported by regulacion
discharge from Elan Valley
when che flow ac Redbrook is

less Chan 266 million
gallons per day in
accordance wich Licence No.
19/55/1/7.

SCHEDULE 3 - MANAGEMENT RULES

Principles

The scorage of che Elan Valley reservoirs is used co sacisfy 3
specific requiremencs:-

a)

b)

©)

To provide a direct supply Co Severn Trent Water PLC Water
Treatment Works at Frankley which is 1linked to che
reservoirs by the Elan aqueduct ac a distance of 118km.

To provide a direct supply co che Undertaker®s Wacer
Treadnent Works ac Elan Valley which provides the bulk of
the public water supply for the communities of Rhayader,
Llandrindod Wells and Builth Wells.

To provide river regulation/augmencacion releases co che
River Wye during periods of low flow and which facilitates
che abscraccion of wacer by Severn Trent Wacer PLC at
Lydbrook and che Undertaker at Monmouth as part of che
conjunctive use scheme co sacisfy demands in Souch Ease
Wales.

The General Principles covering Che operacion of che
Regulacion Scheme are dependent upon:*

i) Scorage sicuacion in the Elan Valley reservoirs.
ii) Rate of flow in the River Wye at Redbrook.

The following subsections identify che operating cop.str2.incs.
defined iIn che abscraccion and impounding Ulicences grantee
under che Wacer Resources Act together wich che general
principles of che regulation -scheme management so as co
maximise che resource usage iIn sacisfying che chree -cltmands
specified above.



3.2

3.2.1

3.2.2

3.2.3

3.2.4

River Regulation Commitments
Abstraccions

The river regulation releases from Caban Coch are required to support
mche licensed river abscraccion by Severn Trent Uater PLC at Lydbrook
(Licence Number 19/55/18/375) and by che Undertaker at Monmouth
(Licence Number 19/55/18/408) . Both Licences contain specific
conditions relating to the augmentation releases.

Compensation Water Discharge

The. Elan reservoirs compensation water discharge is specified as a
minimum of 68 MI/d (15 mgd) and is measured at the gauging scacion
300 metres below Cabans Coch dam known as Elan Village veir.

There are no compensation requirements for Claerwen, Dol-y-Mynach,
Craig Goch or Fen-y-Garreg reservoirs.

Regulation/Augmentation Releases

Regulatlon/augmentation releases are made iIn addition o©o che
compensation water releases described above and are used co support a
flow of 1210. MI/d (266 mgd) iIn the River Wye as measured at Redbrook

.gauging station. The regulation/augmentation releases are subjecc
to: -

i) A maximum augmentation release of 164 MI/d (36 agd) when
storage in the Elan Valley reservoirs is above che rule
curve (Figure 2).

ii) A maximum of 136 MI/d (30 mgd) when storage is below the
rule curve.

The maximum total release chat can be made during periods of
augmentation 1is either 232 MI/d (68 KIl/d compensation + 164 MI/d
augmentation) or 204 MI/d dependent upon che scorage situation.

Augmentation releases commence when che gauged flow at Redbrook
gauging station falls below 1210 Mi/d.

Generation of Hydro electricity

The two turbines at Caban are each capable of passing 68 MIZd (15
mgd) . As far as possible all releases of wacer into the River Elan
are passed through the curbines buc subjecc co the constraints
imposed by the available head and flow rate.

Sufficient water to nm both curbines (i.e. 118 MI/d) can be released
from Caban provided chat the cocal reservoir storage is greater th.-n
che Upper Rule curve shown in Figure 2.

The two turbines at Claerwen are used only for |lighcing purposes
inside che dam.



3.2.5

3.2.6

3.3

The Undertaker may in che fucure make proposals for increased use of
one or more of che Elan Valley reservoirs for increased hydro
electricity generation and these will be considered by che
Consultative Group.

Other Releases

A total of 1818 MI (400 million gallons) is available for freshet
releases from the time that the Reservoirs are full until the next
occasion when they are full but subject to a maximum of 1818 MI in
any calendar year. Freshets will only be released when requested by
the Authority.

It nay from time to time be necessary to make releases for reservoir
safety and maintenance.

Flood Alleviation

The drawdown of the reservoirs resulting from normal operational
practice provide incidental benefits for fTlood alleviation on the
Rivers Elan and Wye.

Although there has been no explicit use of the reservoirs for flood
alleviation to date the Authority may make proposals for flood
alleviation releases iIn the future and these will be considered by
the Consultative Group (See 3.3 below).

Operating Manual

The detailed local arrangements for operation of che River Wye
Regulation Scheme will be specified in an Operating Manual.

The contents of the Operating Manual must be iIn accordance with the
principles set out iIn this Agreement. The Operating Manual can be
updated and revised as necessary without modification co the
Operating Agreement, provided that such updates and revisions are
agreed by both parties to this Agreement.

A small Consultative Group (the River tfie Consultative Group) shall
exist to assist in the updating and revision of the Operating Manual.
Its function will be to agree procedures for the release of
regulation water and freshets for river management, procedures for
emergencies and Drought Order applications, to agree any updating anc
revisions to the Operating Agreement, and to undertake such formal or
Informal discussions relevant to the River Wye Regulacion Scheme as
may be necessary. The Consultative Group will consist of:-

2 representatives of the Undertaker, and
2 representatives of the Authority.

The names of the representatives are specified iIn che Operating
Manual together with such other iInformation as may be appropriate.



3.4

3.5

3.6

The Consultative Group may, in undertaking cheilr ducies, lialse wich
specific local riparian interests, Land and Leisure Tir a Hamdden
Led. and Statutory Conservation Bodies, as and when che Consultative
Group members agree such liaison is appropriate.

The firsc issue of this operating manual iIs to- be prepared by the
Consultative Group representatives prior to 1 March 1990, after which
the Undertaker will be vresponsible for 1its production and
distribution.

Exchange of Information

Provision i1s co be made In the Operating Manual for data exchange
between the Authority and che Undertaker in relation to reservoir
levels and storages, river levels ‘and flows and abstractions at any
site where such data is measured so far as it relates to che
operation of the "River Wye Regulation Scheme'.

Drought. . Management

The Operating Manual shall contain details of the operational
management of the River Wye Regulation Scheme under drought
conditions. This will include the Lower Rule Curve shown in Figure 2
which 1s an agreed action line. When storage in the Elan Valley
Reservoirs Talls below this line then the following actions are
taken: *

a) Abstractions from che Caban Coch reservoir have a revised
maximum value of 327 Ml/d.

b) Abstractions from che river Wye Monmouth s.nd Lydbrook
have reduced maximum values of 114 MI/d and 40 Mi/d
respectively.

c) Augmentation releases from Caban Coch have a revised maximum
value of 136 MI/d.

d) Discussions commence between che Undertaker and che
Authority on the timing and nature of Drought Orders.

Cost Apportionment

Simulations were carried out using hydrological data for 1976 and

.1984 together- with:the. present day water resources and supply system

as described in this-Agreement. Cost apportionment is based upon che
average of the relative use of the Elan reservoirs storage“"during the
two droughts as follows: -

Direct Supply : 18 February 1976 to 24 September 1976 75182 Ml
27 February 1984 to 8 September- 1984 66382 Ml

141564 Ml

River Regulacion : 18 February 1976 to 24 September 187c 19725 Ml
27 February 1984 oo 8 September 198- 13165 Ki

;2890 ML

Total use of Elan reservoirs - 174454 Ml

Portion co be borne by che Auchoricy - 32890
174454
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APPENDIX 2C TO SCHEDULE 2
Commitment co a third party relacing co Clwyd Regulacion

Mr J RJ)avies. GwnanC. 46 Church Street. Flint

In consideracion of his vichdrawal of his objeccion when che Scheme was Tfirsc
advercised, Welsh Water agreed in an exchange of leccers co undercake chree
gauging surveys, ac and downserean of Pone-y-Cambwll, each summer ac low
flows, co check chac Che residual flows in che vicinicy of Pone Dafydd are
noc less chan natural residual Tflows. This commitment will pass co che
Authoricy.

SCHEDULE 3 - MANAGEMENT RULES

3.1 General Principles

Boreholes in che Trlassic Sandscone of the Vale of Clwyd are used as
che principle source of water for river augmencacion of che Afon
Clwyd. In add!elon a scatucory provision allows augmentation
discharges of wacer from che Alwen Aqueduct which provides a
significant import of potable water supply into che Vale of Clwyd and
crosses the Vale south of RuChin. Wacer is pumped Co supply from
boreholes ac Llannerch adjacent co che river, which ace effectively
as a naturally fllcered river abstraccion. This source 1is used
conjunctively wich Che Aled Regulaeion Scheme. (See Figure 1).

The Scheme operates on che “Hands-off flow®™ principle using che
Gauging Scacion ac Pone-y-Cambwll. The Scheme was promoced on che
basis chac che natural low flows downscream of Llannerch would not be
adversely affecced and chis has been confirmed by gauging surveys.
The augmencacion discharges are particularly beneficial in enhancing
che very low natural summer flows in Che Afon- Clwyd between RuChin
and che confluence wich Che river Wheeler.

Formal operacion of che Scheme only requires chac che augmencacion
releases macch che chree-day average abseraccion ac Llannerch.
However, i1f Che arcesian augmentation boreholes are allowed
discharge coneinuously between early May and Aucumn (thereby
frequencly providing more augmencacion release chan is required to
support abscraccion) there will be addicional benefits co che river
environment for the whole of the river downstream of Ruthin. Ir.
addicion, che Undertaker agrees to provide w ro 1 wMml/d of
augmentation releases on request from the Authority, subjecc co cre-
current applications Tfor Orders and abstraction [licences \se.
Appendices 2A and 2B) being, authorised without amendment. This
facility for additional augmentation releases is 'o provide clu
Auchority vich flexibility in, dealing wich ocher rurure abscr-.cio:
licence appilicacions in che Vale of Clwyd.



These management, rules provide a framework £or onsur i r
facilities are used noc only co meec supply requircmencs bui also co
provide such benefits for river interescs in general as ai"o feasible
It should be noced chac several of che boreholes are purpose,
and are swicched from augraenca-cion co direcc supply vhen che Alwen
Aqueducc supply 1is noc available, during emergencies or maincenanct

periods.
River Regulation Commitments

Abstractions:

The river augmentation releases are required to support abstraction
of up co 13.6 MI/d at Llannerch by the Undertaker, and such ocher
abstractions up to 1 MI/d in tocal at other unspecified locations as
may be approved by Che Authority.

Compensation Water and Hands-off Flows:
a) Compensation vater:
There are no compensation vater provisions.
b) Hands>off flow:

When Che residual flow at PonC y Cvmbwll Gauging Station
is less than or egual* - the Hands- ff flow of 1.7 m3/s
(147 mMi/d) then che daily volume of augmentation water
released shall not be less chan the Llannerch three-day
average volume of abstraction (full details iIn Licence
No. 24/66/3/48).

Regulacion/Augmencacion Releases:

Such releases as are necessary to support the seasonally varying
abstractions vhen the Pont y Cambwll flow is less chan or equal o
the Hands-off flow.

Generation of Hydroelectricity:
None

Other Releases:

Releases from artesian augmentation boreholes becveen early May anc
autumn frequently exceed downstream abstraction requirements thereby
conferring addicional benefits to the river environment. There is no
specific provision for fishery freshecs.

Flood alleviation:

No provision feasible.



Qoeracing Manual

The detailed local arrangements for operacion of -~r.e Rivor ;iwti
Regulation Scheme will be specified in an Operating Manual.

The contencs of the Operating Manual muse be iIn accordance with the
principles sec ouc in chis Agreement. The Operacing Manual can be
updated and revised as necessary without modification to the
Operacing Agreement, provided chat such updates and revisions are
agreed by both parties to chis Agreement.

A small ConsultaCive Group (che River Aled and Clwyd Consultative
Group) shall exist Co assist in che updating and revision of che
Operating Manual. I1ts function will be Co agree procedures for che
release of regulation water and freshets for river management,
procedures for emergencies and Drought Order applications, to agree
any updating and revisions to the Operating Agreement, and Co
undertake such formal or .informal discussions relevant to che River
Clwyd Regulation Scheme as may be necessary. The Consultative Group
will consist of:-

2 representatives of the Undertaker and
2 representatives of che Authority.

The names of the representatives are specified iIn the Operacing
Manual together with such ocher information, a- uay be appropriate.

The Consultative Group may, 1In undertaking their duties, liaise with
specific local riparian interests, and Statutory Conservation Bodies,
as and when che Consultative Group members agree such HIiaison 1is
appropriate.

The First issue of chis operacing manual is co be prepared by che
Consultative Group represencacives prior co 1 March 1990, after which
Che Undertaker will be responsible for 1iIts production and
distribution.

Exchange of Information

Provision is to be made iIn the Operating Manual for data exchange
between the Auchoricy and che Undertaker in relation to groundwater
levels and discharges, river levels and flows anc abstractions at any
site where such data is measured so far as it relates to the
operation of the River Clwyd Regulacion Scheme.

Droughc Management

This Scheme has beer, successfully tested in the droughts or- - /r .mu:
1984 and it 1is considered that only exceptionally 1ivy scMv.c-:i\c>:s or
winters and summers could affect the operational yield. Theie 1S nc
Drought Alert Curve appropriate to chis situation but close liaison
via the Aled and Clwyd Consultative Group should or.irle porviu iaily
difficult drought situations tc jocr.rii i > in-
appropriately managed vich Mul : repaid :or all viv-f == ; :-v-:



3.7

3.7.1

3.7.2

4.1

4.1.1

4.1.2

4.2

4.3

4.3.1

4.3.2

Cost Apportionmcnc

The Apportionment Rario &-; i ri -
100% of Che costs as "Ulaili<d In -

Other Relevanc Matters

The Undercaker shall consult che Auchoricy before varying che
management of any land if chac variacion Involves any matter which is
Che subject of Chis Agreement.

Any Information which the Authority may acquire relacing to pollution
incidents which, could affect che operation of che Llannerch boreholes
or the quality of wacer abscracted s co be notified co che
Undercaker without delay.

SCHEDULE 4 - FINANCIAL PROVISIONS

Payments Pates

Payments will be made by the Authority to the Undercaker in respect
of each relevant financial year commencing 1 April as follows:-

Four quarterly Provisional Payments on 1 July, 1 October. 1 January
and 31 March iIn that year.

Final Paymenc on whichever day shall be che later of 1 July following
che end of the relevant year or thirty days after receipt by the

Auchority of the Statement of Final Tocal referred co iIn clause 4.4
below.

Method of Payment

Payments will be made by the Auchority to che Undercaker by bank

transfer, cheque or other reasonable means acceptable co che
Undercaker.

Amount of Payments
Each Provisional Payment in respecc of a relevant year will oe of an

amount equal to one quarcer of che Forecast Nec Operacing Charge
calculated i1n accordance wich clause 4.6.

The Final Payment iIn respecc of a relever.: yti: v: I VS oi" an amour.c
equal to che difference between che rir.ti Tc-al zospec: of mac
year as calculated iIn accordance vich /I;-use rrc. U ~vit of nne
Provisional Payments already made ICS;;-C: of char year

accordance with clause 4.1.1.



Brvnkir Woo Lien Mill < A;;:W:ii."on: s;

25.4 £4: Agreement r Yag Ivirv ™ So
payable under uhe S.j"ueme ol Abstraction charges. Subject
Co 1 yrs nouice by eicher Brvnkir woollen Mill or the

Auchoricy.

1.1.89: 20 year Agreement co increase, reduce or suspend
discharges from Cwmystradllyn for Brynkir Mill. The
Undertaker responsible for 1iapieaencacion and payment of
conpensaCion Co Che Kill when such discharges are
released or suspended.

Fishing in CwwvstraduUvn

Under an agreement dated 1.1.85, Pvlilhelli and Discricc Angling
Association have the fishing rights ac Cwmystradllyn Reservoir until
1992. As they were marginally concerned thac Welsh Water®s proposals
for emergency pumping from below che Hlowest gravity intake might
affect their fTish stocks, In an exchange of letters (prior co che
advertisement of the revised licences iIn 1987) ic was agreed chat any
losses ofl fish arising from temporary pumping would be replaced by
Welsh Vater Authority, and chis responsibilicy passes o©o che
Undertaker.

SCHEDULE 3 - MANAGEMENT RULES

General Principles

LIyn Cwmystradllyn is che principal mains water supply source for the
Lleyn Peninsula and the reservoir storage iIs used conjunctively a. a
seasonal basis for both direct supply and river regulation. The
river regulation supports abstractions by che Undertaker ac
Dolbenmaen (when required), diumally varying abstractions by Brynkir
Mill, compensation water and freshet releases for a river system
which is an important migratory fishery.

Experience in the 1984 drought clearly demonstrated chat, as curve-;
demands are close to operational yield, Drought Orders woulc be
required each dry spring and summer If che syscem is managed so as K
minimise operating costs. However If the syscem IS managed sO as rc
maximise che operacional yield (ac exera cost co rre Undertaker in
some years) as is che intention under chis Agfoirer.i. 'y, Lao.”.
Orders should only be required uo assis” rer.iil \%
wincers.

These managemenc rules provide a framework fa"_ er.auwing- chL
facilities are used ©co maximiso operational yield -hi k- provid:::,-
significanc benefics for fifhPY: s rHareru w. rVo:

general.
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3.2.1

3.2.2

3.2.3

3.2.4

3.2.5

River Regulation Comiai cments
Abstractions:

The river regulacion releases from Llyn Cvraystradllyn are required to
support licensed abstractions by Brynkir Mill and by che Undercaker
at Dolberunaen.

Compensation Water and Hands-off Flows:
Cwmystradllyn: Continuous uniform compensation water 3.01 Ml/d.

Dolberunaen: When the residual flow at Dolbenmaen Gauging Station
is less chan or equal to the Hands-off flow of

29.5 MI/d (6.5 mgd) between 1 September and 22 May
or 59.1 MI/d (13 mgd) between 23 Hay and 31 Augusc

then che daily volume of regulacion wacer released
(in addition Co the Cwmyscradllyn compensation wacer)
shall noc be less chan che Dolbenmaen daily

abscraccion (full details iIn Licence No. 23/65/8/16
Var. No. 1).

Regulation/Augmentation Releases:

Releases for Brynkir Mill: intermittent discharges totalling .7.45
MI per week which may be varied (or suspended as a water conservation
or river management measure) upon payment of weekly financial
compensation by the Undertaker to Brynkir Mill.

Releases for the Undercaker ac Dolberunaen: such variable releases as
are necessary to support the required seasonally varying abstraction
whenever the Dolbenmaen residual flow is less than or equal to che
Hands-off flow. The daily discharges for Brynkir Mill can be counted
as part of the release for che Dolbenmaen abstraction.

Process/washwater return from Cwmystradllyn treatment works can be
counted as regulacion release subject co discharge consent.

Generation of Hydroelectricity:

Brynkir Mill abstraction is principally used for generation of power
using a small turbine to run the Mill.

Other releases:

To provide for fisherv rnanagemenc and arciir.t: purposes random freshen
releases of noc les? rh-n 159 MI (25 -.- boc™-"eer. ifu; 1 April 2nd
November each V"-ar. plus additional ranee::’ r-."cde. releases
conditional on Cvmyscradllvn seasonal scorage.



3.2.6

3.3

In dry weather flow conditions, che regulacion discharges :>:

Mill may be suspended co limit the range of 26 hour

flows downstream of Dolbenmaen to avoid adverse effects on -~ riv,-:
environment.

It may from time to time be necessary to make release:-. n
Cwmystradllyn for reservoir safety or maintenance.

Flood Alleviation:

The refill characteristics of Cwmystradllyn do noc permit any
explicit arrangements for flood alleviacion purposes.

Operating Manual

The _detailed local arrangemencs for operacion of the Dvyfor
Regulation Scheme will be specified in an Operacing Manual .

The contents of the Operating Manual must be iIn accordance with the
principles set out in this Agreement. The Operating Manual can be
updated and vrevised as necessary without modificacion co che
Operacing Agreemenc, provided that such updates and revisions are
agreed by both parties to this Agreemenc.

A small Consultative Group (Che Dwyfor Consultative Group) shall
exist to assise in Che updating and revision of the Operacing Manual.
XCs function will be Co agree procedures for che release of
regulacion vater and freshets for river oanagemenc, procedures for
emergencies and Drought Order applications, to agree any updacing and
revisions to the Operating Agreement, and to undertake such formal or
informal discussions relevant to the Dvyfor Regulation Scheme as may
be necessary. The Consultative Group will consist of: -

2 representatives of the Undertaker and
2 representatives of the Authoricy.

The names of the representatives are specified iIn the Operacing
Manual together with such ocher i1nformacion as may be appropriate.

The Consultative Group may, In undertaking their duties, liaise wich
specific local riparian interests, and Statutory Conservation Bodies,
as and vhen the Consultative Group members agree such liaison is
appropriate.

The first Issue of chis operating manual is co be prepared by th
Consulcacive Group representatives prior co 1 March 1990, after whic:.
che Undercaker will be responsible for 1ics production
distribution.
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3.4

3.5

3.6

3.7

3.7.1

3.7.2

Exchange of Information

Provision is co be made 1in che Operacing Manual for daca exchange
between che Auchoricy and Che Undercaker in relacion co reservoir
levels and sCorages, river levels and flows and abscraccions ac any
sice where such daca is measured so far as 1ie relaces co che
operacion of Che "Afon Dvyfor Regulacion Scheme™.

Droughc Management _

Ic Is recognised chac Che operacional yield can only be safeguarded,
vichouc recourse to frequenC summer Droughc Orders, by Che Undercaker
caking early aceion, when needed, co safeguard wincer refill and
avoid premature spring drawdown of Cwmyscradllyn. This will
occasionally incur exCra operating costs, on an Tinsurance® basis,
particularly in respect of conditional winter operacion of Dolbenmaen
which is normally shut-down between lace OcCober and mid-March. The

suspension of Che Brynkir Mill regulacion discharges is also an
essential vater conservacion measure.

In excepCionally dry winCers such as 1933/34 che inflow co
Cwmyscradllyn 1is insufficient even co meet che 3 MI/d compensacion
wacer requiremenc. Large drawdowns in autumn will cherefore
necessitate a winter Drought Order co reduce che compensacion wacer
discharge. However, natural Afon Dvyfor flows at Dolbenmaen are
sufficient, chroughouc the drlesc vinCers, co permic vircually
concinuous unsupported abstraction.

The main principles of drought management are summarised in che
seasonal control rule for Cwmystradllyn reservoir (Figure 2); ic may
be modified by agreement of the Dwyfor Consulcacive Group.

Cost Apportionment

A SimulaCion was carried ouc using hydrological daca for 1984
cogecher wich che presenC day operacing procedures and seasonal
demands. The resulcing cose apporcionmenc is as follows

DirecC Supply : 3 February 1984 co 3 September 1984 1831 Ml
River Regulacion : 3 February 1984 oo 3 Sepcember 1984 566 MI

Porcion Co be borne by che AuChority - 566 - 24%
1831+566

Other MaCters

The Undertaker shall consult the Auchoricy before varying che
management of any land if chat variacion involves any rr.atr.er vhi.cn is
the subject of chis Agreement.

In recognition of the potential operational problems which catchment
activicies upscream of the Dolbenmaen intake can cause 'Io
Uncercaker, parcicularly in che period April co Ocrober i::cJ.us
che Auchoricy agree co che foll"owing arrangemencs:

11
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SCHEDUI-E 3 - MANAGEMENT RULES

General Principles

The Dee Regulation Scheme is unusuai Ln chat che Gecaiiod applicai

of taaccers formalised in Stacucory Lnstrumencs and licences is
subjecc to che over-riding framework of che Dee and Clwyd River
Authority Act 1973 (subject Co minor modifications in parallel vich
che 1989 Water Act). Both detailed and general principles are set
out iIn the Dee General Directions which are modified from cime co
time through the Statutory Dee Consultative Committee.

Section 9 of the Dee and Clwyd River Authority Act 1973 specifies che
presenC* statutory framework for regulation of the river Dee by che
Authority using Llyn Tegid, Llyn Celyn and Llyn Brenig. Appropriate
amendments to the Dee and Clwyd River Authority Act 1973 will be
required, to 1Incorporate necessary redefinition and clarification
consequent upon the formation of che Authority, and che occasional
use of Alwen reservoir for minor river regulacion releases*. General
Directions will be 1issued by the Authority consisting of Normal
General Directions and Drought General Directions.

The general principles for river regulation under the provisions and
safeguards of the Dee and Clwyd River Authority Act 1973 relate c©o
the definition of a maintained flow of ~-"~ified ma nitude and
location (except during a drought more severe chan the design drought
of estimated return period of once in 100 years) whilst having regard
to:

) Mitigating flooding.

i) Supplying British Waterways Board, Shropshire Union Canal
with 0.328 cubic metres per second.

i) Safeguarding che fisheries.

1v) Any other purposes which, 1iIn che opinion of che
Authority, are appropriate and consistenc vich the
purposes aforesaid.

Drought General Directions, subjecc co reasonable approval of che
Consultative Committee, are co prescribe che principles and detail,
as required, to reduce prescribed flows or abscraccions in a drought
more severe chan che design drought.

The Auchoricy 1is empowered Co 1issue Emergency Droughc General
Directions co cover unforeseen sicuacions arising at short notice aii
a dispuces procedure is also allowed for.



3,2

3.2.1

3.2.2

The abscraccion licences of T"Designated Abstractors’ ircllec- a
provision whereby chey agree Co abide by che provisions of che Dee
Droughc General Oireccions and temporarily reduce iheir abstracted
quancicies. Designated Abscractors, each having a»- representative
on the Dee Consulcacive Committee, are as follows:*

The Undercaker

North West Wacer pic

Wrexham ad; Cast Denbighshire Uater Company
Chester Waterworks Company

In addition the British Waterways Board have one representative on
the Dee Consultative Committee and a statutory abstraction right (in
respect of navigation on the Shropshire Union Canal) which 1is noc
subject to reduction under Drought General Directions. The Authority
has three representatives on the Dee Consultative Committee, and che
amendments to the 1973 Act propose that che operators of Llyn Celyn,
LIyn Brenig and Alwen reservoir also have one represencative (between
them) on the Dee Consultative Committee.

This Operating Agreement deals only with the management rules
necessary for the effective day-to-day operation between che
Undertaker and the Authority of Llyn Celyn, Llyn trenig and Alwen
reservoir within the Dee Regulation System.

River Regulation Commitments
Abstractions:

The Undertaker 1is one of several licensed abstraccors on de
regulated river Dee. This Operating Agreement does noc confer any
additional benefits to che Undertaker as an abstractor, over and
above those which they already enjoy as a Designated Abscraccor on
the Dee Consultative Committee.

As the Operator of the Bala Sluices che Auchoricy has responsibility
for ensuring that adequate flows are maincained in che river Dee for
abstraction and other river regulation purposes.
The Undertaker has the responsibility of ensuring chac releases as
specified by the Authority are made, from Llyn Celyn and Llyn Brenic
to enable che Auchority to meet i1ts responsibilities.
Compensation Water Releases :
Statutory releases from che Undertaker®s reservoirs
LIyn Celyn:
1st October - 31sc March: 0.368 abl"c -.ecres pov second (2L.S
Mi/d)

1st April - 30th September: 0.727 c.\:bir Y_e:x& :
M1/d)
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3.2.3

3.2.4

3.2.5

Brenig/Alven - Minimum combined

Isc Occober - Msc March: 0.15c c;bic rr.ecres \n.wv second (13.6
ttl/d)
1st April - 30th September: 0.289 cubic necres rm* second (25.0
Mil/d)

subjecc Co a minimum release of 0.053 cubic metres per second
(4.5 MIl/d) from elcher reservoir.

Regulation/Augmentation Releases:

Under Normal General Directions the releases from che four regulating
reservoirs are used to support a variable maintained flov on che
river Dee which is sufficient to provide a design residual flow over
Chester Weir after the abstractions have been made. The maintained
flov and measurement points are defined iIn che Dee General
Directions.

Under Drought General Directions che releases from che regulacing
reservoirs must be sufficient to provide net abstraccion requirements
And an approximation to the natural flow over Chester Weir, except
during Che “spring tide® periods when additional releases are
necessary .-

The hydro-electric power station at Llyn celyn is also used <2rhin
the overall constraints of the Dee Regulation Syscem to maximise
income from Merseyside and North Vales Electricity Board. This 1is
recognised by che Authority as a “purpose® so long as 1iIc is
undertaken iIn a manner which 1is appropriace and consistent vich
maintaining flows, mitigating flooding, supplying British Waterways
Board and safeguarding fisheries.

Generacion of Hydro Electricity:

All releases from Llyn Celyn and Alwen reservoir can pass chrough
turbines to generate electricity from che otherwise unused vacer
energy.-

To allow limited peak power generation ac Llyn Celyn for income
maximisation at any time, 22 cumec-days of che Special Release
Allocation (see 3.2.5 below) is specifically allocated for the use of
the Undertaker.

A hydro-electricity facility may also be developed at Llyn Brenig in
future.

Other Releases:
Special releases for vacer qualicy purposes - co mitigate the effects

of adverse vaCer qualicy below che reservoirs in accordance with
pollution emergencies procedures (Deepol).
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3.2.6

Special releases for canoeing events on the Afon Tryvoryn on a number
of pre-specified days a year, together with re-arrangement of weekly
releases co maximise che use of the Canolfan Tryveryn facilities at
weekends whenever feasible between May and October-inclusive. The
charges paid by Canolfan Tryveryn for rescheduled releases will
accrue to che Undercaker.

Ic may from Cime co cime be necessary @ make releases from che
reservoirs for reservoir safecy or maincenance. In parcicuiar, che
Undercakers muse ensure chac Llyn Celyn discharges ac che maximum
race wherever 1t exceeds maximum recencion level, 1Irrespeccive of
condicions downsCream. The maximum recencion level of Llyn Celyn is
relaced co che maximum capacity of che exiscing spillway, and may noc
be alcered by Che Auchoricy wlchout che approval of che Undercaker
and Che Inspecting Engineer.

Fishery freshets - substantial special releases are made, mainly
during

)] che grilse run (Quly).

i) spawning runs up che Alwen and Tryveryn tributaries
(October * December) and che operacion of che fish craps.

i) "spring tide® periods under Drought General Direccions.

These releases are made co safeguard Tisheries, noc co optimise
fishing condicions.

A reserved amount of scorage of 119 cumec-days (1028 MI) recalculaced
from 1 April each year, known as Che Special Release Allocacion is
splic Into cvo parts; 100 cumec-days in LIyn Celyn and che remaining
19 cumec-days in Llyn Brenig. 22 cumec*days of che Llyn Celyn
allocacion 1is allocaCed co che Undercaker for peak hydropower
generacion.

"Ocher releases” may include releases by the Auchority for the above
purposes, and any ocher purposes which are appropriace and consiscent
wich Che principle purposes of regulation. The Special Release
Allocation, together with opportuniscic use of spare scorage may be
used by the Authority for all or some of de above 'Ocher Releases™.

Flood Alleviation:

LIyn Brenig will not be explicitly operated for day-to-day flood
mitigation, ocher than Co have a normal maximum retention level 0.15
m below spillway.

Llyn Celyn and Llyn Tegid will be used fcr short-G:r. retev.T Ior. of
flood run-off for flood mitigation purposes on the river . as
specified in che Dee General Directions.

Alwen reservoir will not be explicitly operated for csv-co-cav Tflood
mitigacion.

12



3.4

3.5

Operating Mar.ual

The overall arrangements ;.o =z o;si.v.ion cf t;e R=7;z.Ul <=
Scheme are specified in ine ~¢ (crer.ij Direccions -hich -ill
updated and revised by the Lno:”ilv liuj time to c.oe. the
Consultative Committee has the Tfunction to assist che Authority i
the formulation of General rv;r i -he duty of ocomrr>=* r-
Che Auchoricy upon any such Directions as proposed or issued by the
Auchority. The Auchoricy shall, in preparing any such Directions,

consult Che Commiccee and shall have regard co any views expressed co
them by che Commiccee wich respecc co such Direccions. Droughc
General Oireccions shall be subjecc co che reasonable approval of
each of che bodies represenced on che Commiccee.

A small ConsulCaCive Group (the Dee Consulcacive Group) shall exisc
Co assise iIn che updacing and revision of an Operacing Manual, which
will detail che working arrangements between che Auchoricy and che
Undercaker within Che overall concexc of che General Direccions and
this Operacing Agreemenc. Ics function will be to agree procedures
for che release of regulation wacer and freshets for river
managemenC, procedures for emergencies, w0 agree any updating and
revisions Co the Operacing Agreemenc, and to undertake such formal or
Informal discussions relevant to che Dee Regulacion Scheme as may be
necessary. The Consulcacive Group will consist of:*

2 representatives of the Undercaker and
2 representatives of the Authority.

The names of che representatives will be specified In the Operating
Manual togecher wich such other iInformation as may be appropriate.

The Consultative Group may, iIn undertaking their duties, liaise with
specific local riparian interests, Land and Leisure Tir a Hamdden
Ltd. and Statutory Conservation Bodies, as and when the Consultative
Group members agree such liaison Is appropriate.

The Firsc issue of this operating manual 1is to be prepared by the
Consulcacive Group representatives prior to 1 Harch 1990. after which
che Undercaker will be vresponsible for 1ics production and
distribucion.

Exchange of Information

Provision is to be made in che Operating Manual for data exchange
between che Auchoricy and che Undertaker 1in relation to reservoir
levels and scorages, river levels and flows and abstractions at any
site where such data is measured so fTar as it relates to the
operation of the ‘“Dee Regulacion Scheme™.

Drought Management

Pre-planned conservation measures can be implemented under the Dee
Droughc General Directions, which may be -introduced "when total
scorage of Llyn Celyn and Llyn Erenig Talls below the seasonal
"System Conservation Rule CQurve*. (Figure 2). This may be revised
through the Dee Consulcacive Committee.



Cose Apportionment

The Apporcionnienc Ratio agreed is chac che Auchori cy 1 contribute
100% of che costs as decailed in Schedule u.

Ocher Relevant Matters

The Undercaker shall consult che Auchoricy before varying che
management of any land iIf chac variacion involves any maccer which is
che subjecc of chis Agreement.

Any information which the Authority may acquire relating to pollution
Incidents which could adversely affect the operation of the Poulton
Intake or the quality of water abstracted is co be nocified co che
Undertaker without delay.

The General Directions allow considerable flexibility for che sharing
of regulation release requirements between Llyn Celyn and Llyn
Brenig, and for the phasing of regulation releases from Llyn Celyn
Into Llyn Tegid. In specifying to cdhe Undertaker the advance
provisional 7 day requirements for such releases, che Authority will
consult with local nominated officers of che Undertaker and will Cake
into account, so Tfar as 1is vreasonable and practicable, che

Undertaker®s objective of maximising hydropower income and minimising
additional manning costs.

Flexible operation of the compensation waters from Alwen reservoir
and Llyn Brenig, in accordance with control rules agreed by che Dee
Consultative Group, shall be at the discretion of che Undercaker,

after prior notification to a local nominated officer of che
Auchoricy.

Occasional regulation releases from Alwen reservoir shall be subjecc
to specific approval by a local nominated officer of che Undercaker
and will generally be iIn subscicucion for regulation releases which
would ocherwise have been made from Llyn Brenig.

SCHEDULE 4 - FINANCIAL PROVISIONS

Payments Dates

Payments will be made by the Auchoricy oo che Undercaker in respect
of each relevant financial year commencing 1 April as follows

Four quarterly Provisional Payments on 1 July, 1 October. ! January
and 31 March in that year.

Final Paymenc on whichever day shall be che later of i July following
the end of the relevant year or thirty days after receipt by the

Authority of the Statement of Final Total referred to in clause 4.4
below.
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BRIEFING NOTE FOR MRA STAFF
RIVER DEE FLOW REGIME
WATER QUALITY IMPACTS

Current Situation

The flow regime of the River Dee is currently managed to support lowiand
abstractions by 4 vater companies (North West Vater, Welsh Vater,
Chester Waterworks Co and Wrexham and East Denbighshire Vater Co).
Flows in the river are regulated at Ecdeston Ferry and releases are
made from upland reservoirs to ensure that the needs for potable and
industrial supplies (9,5 cusecs) are satisfied whilst maintaining a
residual flov to the estuary over Chester Veir of 4.2 cumecs.

The main River Dee is of high quality being within, Class 1A from its
source to the confluence with the Clywedog at Wrexham and Class IB
downstream to Chester Veir. The sain tributaries downstream of
Llangollen are of variable quality (e.g- -Alyn class 2, Clywedog class 3,
Vorthenbury Brook class 3, Pulford Brook class 3, Aldford Brook class 3.
Ceiriog class 1A). Nevertheless, a number of pollution incidents occur
within the catchment from agricultural activities, sewage discharges and
industrial"sites. The industrial sites at Ruabon, Chirk, Wrexham and
Mold have historically been the source of a number of problems
associated with deterioration of effluents or more commonly acute
spillages.

Since a major incident in 1984 when phenol contaminated vater was
abstracted and passed into public supply, a very sophisticated and
comprehensive monitoring scheme has been implemented and progressively
enhanced to provide protection to vater abstractions, particularly as
limitations iIn storage capacity at the intakes requires that periods of
intake closure are minimised. The monitoring procedure which currently
involves daily sampling at S sain river and 2 tributary ((Alyn and
Clyvedog) locations is to be enhanced to a tvice daily frequency. This
iIs supplemented by a River Monitoring Station at Manley Hall (NRA
operated) and a very similar Intake Protection Station at Huntington
(North Vest Vater operated) with proposals for a further station at
Poulton.

The monitoring procedures are supported by comprehensive incident
management procedures which are co-ordinated by the Dee Steering
Committee which includes all 4 vater companies and the NRA.

Prepaid Change
Various changes have been proposed to further reduce the r.lsk of
polluted vater being abstracted from the Dee and to ensure security of

supplies by minimising iImpacts on river water quality. These changes
include the following:

O) relocation of public vater supply abstraction points fron+ th*
lower Dee to a point near Llangollen, upstre&= of sany thr
potential sources of pollution.

D) piping of effluents and drainage froa hijb risk aroij e
locations downstream of existing discharge points.



additional pollution prevention measures including increased
conventional* pollution prevention by increased frequency or
inspections and sampling; introduction of nev regulations tor
faro and industrial sites; further development of river
monitoring/intake protection systems; protection zone powers.

Each of these 3 main options are considered.

Relocation of Abstraction Points_Unstream

The relocation of the current 7 abstraction points to a combined
abstraction- point at Llangollen offers- the following advantages in terms
of quality and security of abstracted vater;

@

@)

)

th* abstraction point is upstream of many sites and tributaries
vhidi have been the sources of pollution incidents.

the. extent of monitoring to protect the quality of abstracted
water could be rationalised considerably.

shut-downs for reasons of poor vater quality vould be reduced.

shut-downs caused by flov reversal and tidal effects vould not
be necessary.

tha requirement for Section Aid powers (Water Act. 19f9) +to
establish protection zone# vould be unlikely.

Disadvantages or potential problem areas include the folloving:

®

)

to optimise the benefits from an upstream abstraction point
requires relocation of all the existing iIntakes; retention of a
Single abatraction point at any of the existing locations vould
seriously undermine many of the above advantages, assuming that
the currant or anticipated level of protection for any retained
abstraction points will be required.

the considerable reduction in flov iIn the Dee downstream of
Llangollen from removal of regulation vater vill necessitate a
reviev of consent conditions for all main river discharges. In
view of the existing application of minimum standards, the only
discharge significantly affected in this vay will be that from
Five Fords Sewage Treatment Yorks for vhich it is estimated that
consent revisions from BOD 30, Suspended Solids 60 and Ammonia
Id to Standards of 36/60/8 wvould be necessary to maintain
downstream river quality in Class IB. Substantial iInvestment
vould be required to achieve this.

Other discharges vill not require substantial changes iIn
sanitary determinand consent limits but reduced dilution may
make the impact of nutrients more significant and provide
conditions suitable for proliferation of algae. Algal grovth
vould be favoured by slower flons and higher temperatures due to
increased retention/travel tiae. In turn, algal activity may
lead to diurnal variations in pH and dissolved oxygen and
potential risks tc fisheries.



av) Discharge# such as chat from Monsanto may be sore significant by
virtue of lover dilutions for trace organic pollutants. Vhereas
the consequences of these for potable supply and taste/odour
problems vill no longer be an iImportant consideration, ocher
problems such as tainting of fish flesh or deterrents to Tfish
movement nay become significant.

(W) The consequences of incidents from discharges or spillages
within the catchment may be more serious due to lover dilution
in the Dee. Extent, degree and duration of impacts on fTisheries
in particular may be increased. Levels of detection of
incidents say be reduced by reductions from the current levels
of monitoring.

D) The iImpacts of tributaries with quality problems on the Dee may
be more pronounced leading to possible downgradings in main
river quality unless major investment of resources on catchment
campaign activities 1is undertaken over an extended period of
time.

(vin) The aesthetic impact of effluent discharges may be increased
requiring further tightening of quality standards.

(viii) The reduction iIn residual flow to the estuary may lead to
greater and more prolonged saline iIntrusion into the Ilover
catchment and changes 1In ecological status and aesthetic
quality. Also, Tfish kills have occurred in the estuary in the
past when residual flows have fallen below 4.2 cumecs and any
flov regime that increases the frequency of such events could
exacerbate this problem.

) substantial costs would be incurred in relocation of an intake
monitoring station upstream of Llangollen although this would be
a short term effect with cost savings ultimately being achieved
from rationalisation of the current system.

(69) the presence of pollution sources upstrean of the proposed
abstraction point would mean that there would still remain risks
to the quality and security of supplies, albeit that these may
be reduced from current levels.

(€O Unless included in the scheme, the quality and security of
supply for the abstraction by the Milk Marketing Board a:
Wrexham would be reduced.

Diversion_QFf Effluents to Points downstream of Vater Intakes

It has been suggested that effluents and drainage from s re>
historically the sources of pollution incidents may be diverted tc
discharge dovnstream of existing abstraction points. This alternative
scheme may be cheaper, more feasible technically and address many cf rh?
concerns about risks to water supplies.

For example i1t has been suggested chat the effluents from Monsanto
Five Fords STV together with drainage from Vrexham Ir.dustri.il -Eit—>—
(i.e zhe Red Vither 3rook and Is y Coed Drain), Chirk (Afon 3rar:iey.
Synthite at Mold may remove the primary sources of ri*k.



Such a proposal raises a number of fundamental issues:

O) The combined or separate discharges vould have co discharge 10
the Dee estuary which already exceeds environmental quality
standards for ammonia and certain metals and uhich xa.y be pror.~

to fish kills during periods of natural freshvater flov during
drought and summer conditions.

(i) The enforcement of a combined discharge from a number of sources
vould be complex at the least, iIf even feasible.

D) A number of pollution sources and risks vould remain vichin the
catchment e.g. Tarms, waste disposal sites, ocher industrial
sites etc and no diminution of monitoring effort could be made
without corresponding increases in risk to water supplies.

(iv) It is not knovn how such a scheme could be funded and It is
unlikely that dischargers or operators of high risk "dry* sites
woulld be prepared to fund such a scheme.

An alternative proposal for storage of effluents for release vhen rivet
conditions and closure of intakes allow presents considerable potential
control and enforcement difficulties, additional risks of spillages or
problems from malfunction or maloperation and does nothing to remove
risks froa the catchment. Furthermore, such a system vould require very
regular programmed shut-downs which are expensive, and would experience
storage difficulties during extended low flov conditions vhen discharges
may not be allowed. Excessive storage capacity for large areas such as
Wrexham Industrial Estate would probably eliminate this as an option.

Retention/Enhancement of Current Arrangements

Paradoxically the perception that the Dee is a polluted river and that
there is unacceptable risk to water iIntakes results from the success cf
monitoring and detection systems iIn identifying changes iIn quality that
are not even monitored on many other rivers used for potable supply.
Similarly, quality expectations of the Dee supplies are high and the
abstractors quite properly take every possible precaution to avoid
supplying vater which either breaches the EC Drinking Viter Directive or
is In any way aesthetically impaired by virtue of iIts taste, odour or
general organoleptic properties. Elsewhere iIn the UK for example,
levels of herbicides 1In abstracted vater are regularly passed
consumers above those that would lead to closure of intakes on the River
Dee. The abstractors have become conditioned by their experiences .
1984 and the emergence of highly critical consumers and drinking vater
quality developing as a high profile local issue.

Despite the perception of the Dee and indeed the continuing high level
of incidents there have been very fev occasions vhen it has beer,
necessary to shut dovn abstractions; invariably the recorded shut-rfownf
have been precautionary in nature or resulting from public avarentss <=
incidents. In fact, the level of protection co che Dee intak~.;:- i:
greater than for most abstractions in the UK and this has recently >ex.
or is being considerably enhanced by the following:



O) a 601 increase iIn Pollution Control resources within che Dee

Catchment enabling greater effort to be made on inspections,
enforcement etc.

(D) enhancement of the Manley Hall River Protection Station co
increase reliability, improve telemetry and monitor additional
high risk determinands e.g. formaldehyde.

(iii)  the addition of 3 further sites to the daily "Deesit* monitoring
and the proposed doubling up of che monitoring run co reduce the
“windows* through which a pollutant could pass, undetected.

av) implementation of the Farm Waste and Oil Storage Regulations as
a positive step forward in reducing the threat from agricultural
pollution.

(W) development of the application for Section 111 Protection Zone

powers thereby ultimately provide controls on levels of risk
within the Catchment.

) improvements to high risk sites such as Monsanto (£5 million
over the last 3 years).

(vii)  thorough appraisal of nev developments within the catchment,
eg.waste disposal sites.

It is noted that for hydrological reasons the provision of
bankside storage 1is perceived as the best solution to tx
problems of the Dee. The potential iImpacts of the alternative
proposals and the potential benefits to the current operating
regime from the enhancement of pollution prevention measures
leads this to being the logical conclusion too on water quality
grounds.

6. Summary

Whereas an exhaustive environmental iImpact assessment of each option
proposed together with costings evaluation would be required to provide
definitive views on the optimum solution for security of vater supplies
from the Dee, there are powerful arguments for retention of the status
quo. Considerable enhancement of the protection systems has occurred
since inception of the Dee Protection Scheme 1iIn 1984 and current
developments will continue this trend. There can be no absolute
guarantees of river quality or elimination of all risks and the
provision of bankside storage at each abstraction point is viewed as the
most logical and practicable measure that should be pursued.

S J Broun
Divisional Pollution Control Hanaper
(KVt1/pc2112) ‘



Perceived and Measured Impacts of Dee Regulation

Fisheries
1) Temperature Change

1) Since regulation a reduction of temperature has been showm to have taken
place within the system which has likely had damaging consequences for coarse
fish populations in the lower river. Species affected include roach, perch,
bream and pike with a marked decrease in abundance. Dace have benefitted from
the change. Likely reason are slower growth rate of juveniles, leading to
poor overwintering recruitment. Complicated circumstances apply In the lower
Dee with various factors involved. (See BP Hodgson PhD). Problems exacerbated
by higher volumes, faster run-off and gradient profile of the Dee.

i1) Faster run-off of colder water probably reduces catchability of salmonids
and coarse fish. Recelve complaints on this issue.

1i1) No temperature targets for releases water presently apply and no
detailed assessment on temperature variations between respective draw-off
points iIn the reservoirs have been undertaken. Needs looking at.

2) Acidity increases in the Catchment

The Alwen catchment is acidic and the Brenig catchment is fairly neutral.
Since releases have taken place from Brenig, problems have occurred with
increased acidity down the river Alwen as a result of natural overspill from
Alwen when Brenig is still refilling. This is because Brenig is a slow refill
reservoir. This has caused reduced juvenile salmonid recruitment on a system
which was previously the best spawning tributary on the Dee.This problem is
being iInvestigated and discussions are taking place with Welsh Water on
possible improvements to the system.

3) Reduced Summer Spates

1) The steady summer flows are believed to be reducing the activity of sainer,
once they enter the river. This Is reducing their availability for capture ry
anglers. Radiotracking has indicated this phenomena. With the iIncreased
volume of water iIn the river i1t is also believed that it takes larger spares
to actually activate the fish to move. At present fish come iIn, are nore
available for capture in first 30 days, then they drop into deep water anc
are not active (and relatively unavailable to the anglers) until just prior
to spamning when they move and can be caught again.



i) More*stable flows have reduced flooding incidents and it is believed that
this has iIncreased siltation in the catchment with possible damaging
conseguences for reduced spawning success in both salmonids and dace.

111) From radiotracking work there are indications that movement through the
tideway by salmonids are more restricted with the steady summer flows.

Previously small summer floods could well have assisted upstream movement iIn
thisrarea of river.

4) Higher .Flons: exacerbated, by flood embankments on the Cheshire Plain

The combination haa produced a harsh terrain for coarse fish in the lower
catchment# There are few tributaries and therefore little sanctuary area for
fish offstream. Habitat has been degraded by scouring and colder conditions
which probably restricts aquatic plant growth which in turn reduces
microhabitats essential as food webs for fish.

5) High Flows.on the. River Tryweryn

As Llyn Celyn is fast refill i1t iIs the work-horse of the system for
regulation. The heavy releases have scoured the tributary so there is now
minimal spawning gravels for salmonids and the river as a trout fishery has
been spoilt. Prior to regulation, the Tryweryn as a whole (Much lost under
the reservoir) was a major spawning tributary. Minimal production now.

6) Bala Lake (Llyn Tegid) Levels

Controlled levels of Bala Lake have meant that spawning territory for pike

and other coarse fish has become less available at critical times of year.
This has damaged recruitment.

Conservation

1) There has been a reported reduction in distribution since 1984 of a rare

stonefly (lIsogenus nubecula) iIn the lower river. Report recently prepared cr
this. (See N. Milner EAU.)

i1) On account of the iIncreased flows on the river following regulation,
there has been an on-going commitment byt Tlood defence to protect banks with
stone walling. This has raised landscape and conservation concerns in the
areas of the Llandderfel Loops and again domn at Bangor-on Dee.



Aquatic Ecology

This is very much interelated with the fisheries. see my phD for some cf the
detail on how the lower Dee has been affected.

Recreation

1) Controlled releases on the River Tryweryn have benefitted canoeing
interests but changes to the way water is released to maximize revenue from
electricity could impact on the canoeing iInterests. Discussions still on
going with Welsh Water.

i) There are conflicts between canoists and anglers on how water should be
used (ie Special release volumes.)

Navigation

Although there is limited proof and taking into account that the Dee estuary
has been silting up for years. There is an indication that the canalised
section has silted up faster since regulation on account of the more stable
flons. 1 can remember much deeper netting stations iIn this section when |1
came to the Authority back in 1974. This has impeded navigation of smaller
craft up to Chaster. Large vessels have not been able to get up this far for

many years.
Suggested Reports

Regulation of the River Dee. Allan Lambert (1988)

Juvenile Monitoring Reports NRA

Bibliography of the River Dee. Howard Pearce and Ken O"Hara

River Corridor Surveys.(Contact Bryan Jones, Caernarfon)

The Effects of Flow Reduction in the River Dee on aquatic environments.

The Ecology and Management of the Coarse Fisheries Populations cf the i.ower
Welsh Dee. B.P_Hodgson. PhD Thesis 1993

Dee Salmon Monitoring Programme (lan Davidson, Kclc}

Salmon Radiotracking on the River Dee (In prep Bill Purvis SucXltv."Xclc"

1 hope this information is useful. Brian,
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RIVER DEE BRIEFING NOTE FOR NRA STAFF
VATER RESOURCES VIEWPOINT

BACKGROUND

A proposal has been made to move the public vater supply abstraction
points of the lover Dee some 45 km upstream to a point near Llangollen.

This has a number of major implications for the future of vater resources
and vater quality in the Dee catchment.

This note outlines the implications of this proposal on NRA interests.

EFFECTS OH PRESENT YIELD OF THE DEE SYSTEM

EXISTING YIELD AND REGULATION

The current yield of the system is 14.3 cumecs. This comprises 9.3 cumecs
licensed, 0.8 cumecs unlicensed (i.e spare yield) and the maintenance of a
residual flov of 4.2 cumecs over Chester Veir.

EXISTING YIELD AND REGULATION

Chester Veir is currently the only point vhere a flov has to be
maintained. Therefore, a flov of about 14 cumecs has to be maintained iIn
the lover Dee to satisfy both abstractors and the maintained flov
condition. In spate, this volume naturally occurs. At other times, the
natural flov is supplemented by regulation releases from the upstream
reservoirs.

EFFECTS OF PROPOSAL

An additional control point would have to be established at Llangollen. A
flov of at least 9.3 cumecs would need to be maintained to support the
abstraction alone. Ajilher figure vould need to be maintained in
practice to satisfy the in~river-rieads Helow the abstraction. A figure of
3 cumecs was the maintained flov required before Llyn Celyn vas built.

Vith the existing situation, the whole of the Dee catchment naturally
contributes to the flow at Chester. If the abstraction is moved to
Llangollen, only the catchment area to that point can contribute. Thus
the abstractions will require a greater amount of support from the
regulating reservoirs since less “naturall flov is available at
Llangollen. It is estimated that the yield available for abstraction vill
fall to 9.5 cumecs. This iIs roughly equivalent to the existing licensed
volume, and effectively leaves no spare yield in the system.

ESTIMATED COSTS

The cost of piping the abstraction from Llangollen is estimated at £30
million, to which can be added substantial operating costs (eg pumping).

The reduced yield will bring forward the time when additional resources
have to made® available by about 5 years. These are discussed in 6.
below.



NRA ROLE

The Vater Act 1989 puts the responsibility for making adequate resources
available for Public Vater Supply on the Vater Companies. (Section
125(2)).

The same Act gives the NRA the role of securing the proper use of vater
resources. (Section 125(1b)). The viev is taken that the proposal does
NOT constitute the proper use of resources. The Dee yield is supported
by expensive (to the NRA) regulating reservoirs. Securing povers for
their construction vas not easy (eg Treveryn). This proposal seeks to
reduce the vater resources available with no benefit to the vater
environment, and for no good vater resource reason.

The NRA may have a role in providing resources ( see 6. belov). It does
NOT have a role in providing pipelines for iIts abstractors for the
conveyance of vater from their abstraction. This would be for the

abstractors to provide. It is considered that the NRA has no povers to
make such a provision.

It would be for the abstractors to promote the scheme. They would have
to revoke their licences and apply for a new abstraction licence, since
NRA cannot apply for a licence for a third party.

If the abstractors did apply for a licence to move the abstraction to
Llangollen, the NRA should refuse the licence, since It Is not the proper
use of vater resources, i.e. moving the abstraction causes a reduction in
the available yield of a major resource scheme and for which NRA currently
pays around £2.6 million per year under the Section 126 agreement - and
for no good water resources reason.

FUTURE DEMAND FORECASTS

The public water supply abstractions are forecast to exceed their current
licensed volumes by 2002. The yield of the Dee system would be exceeded
in 2008 under existing conditions. (Details are given in the report
mReview of Major Public Vater Supply Abstractions from the River Dee”
(1991), NRA Velsh Region).

MEETING FUTURE DEMANDS

Vhen the Dee Regulation was approved by statute, consideration vas given
to how future demands would be met. These proposals are:

1. Catchwaters from the Conwy and Arenig catchment to Llyn Celyn.
This also requires the spillway capacity to be enlarged to meet ICE
recommendations for spillway design.
Pumping from the Dee iIn high flows to Llyn Brenig.
Transfer of water to LIyn Brenig from LIyn Celyn and Afon Alven.
Increase storage of Brenig by raising the dam.
Construct new regulating reservoirs iIn the Tvrch and Hirnant
valleys within the Dee catchment.

All these are high cost schemes with funding falling, 1t is believed, =zo
the NRA. The NRA would promote the scheme, bear the cost and then recover
those costs across all the abstractors.

Any reduction iIn current yield would tyring forvard the date when these
schemes have to be introduced from, say 2008 to 2002. Bearing in mind
that 2002 i1s only 11 years ahead, and it can easily take this long to



promote and construct such a scheme, then the provision of nev resources

would have to go hand in hand with the construction of the pipeline.

ALTERNATIVES TO PROTECT EXISTING ABSTRACTIONS

a. Pipe effluents below lowest abstraction.
This is not costed, but since the volume is only 10Z of the
abstractions, it is unlikely to exceed £10 million. This proposal is
limited to those effluents which are known to cause pollution problems
and which can be gathered into a single pipe.

b. Vater Companies protect themselves by, for example, providing adequate
bankside storage to maintain supplies during periods vhen river intakes
are closed.

c. Dischargers provide storage of effluent which is monitored prior to
discharge to be released when river conditions and closure of iIntakes
allow. However this only deals with the point sources of effluent and
does not allow for diffuse inputs or “accidents®™ at other sites.

Whatever the solution, it is the vater companies problem to ensure that

their supplies are of suitable quality. The NRA cannot guarantee quality,
nor can it prevent accidental or deliberate pollutions.

SUMMARY

* A piped abstraction from Llangollen is a very wasteful use of an
expensive resource.

Such an abstraction would require very large expenditure, possibly by
the NRA, to bring forward additional resource schemes, a cost which
would be passed onto all abstractors for the benefit of ore.

* It 1s not the NRA"s duty to safeguard the quality of the water
abstracted by others.

* Qur understanding is that privately the proposal is not wanted by the
abstractors and. cannot be justified In any way on water resources
grounds.

* The use of vater resources in this way could be regarded as a breach of
our statutory duty to secure the proper use of water resources.

* If North Vest Water wish to move their abstraction to Llangollen, that
iIs a matter for them to pursue. It Is not good water resource
practice, since the resultant loss of yield will require additional
schemes designed to meet future demands to be brought forward to
satisfy an unnecessary reduction iIn the present yield.

*  Promotion of any scheme in that part of Wales will meet exceedingly
stiff opposition. Politically it will be exceedingly difficult. A
public enquiry is iInevitable, and the Inspector would need to be
satisfied that existing resources were being fully utilised. This
would be difficult to uphold, and indeed NRA should not support the
application. - —

A lowland abstraction where there is no bankside storage to allow
pollution incidents to pass through without causing supply disruption



is, to my mind, naive. This seems to be the preferred solution and
would have no detriment on water resources.

J C Mosedale
17th September 1991
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REGULATION OF THE RIVER DEE

ALLAN LAMBERT
Water Manager. Northern Division, Welsh Water, Clwyd. CH7 6NQ, Waits

ABSTRACT

This paper discusses the interdisciplinary approach statutorily adopted for the management of the intensively
regulated River Dee. The role of the Dee Consultative Committee is discussed and the procedures and methods for
river regulation are described. Particular problems arise during severe droughts and a Conservation Rule Curve.
using the aggregated storage of the two main reservoirs, has been devised to act as the trigger for optional initiation of
water conservation measures. The social and environmental benefits of the integrated management scheme are
demonstrated. Areas of conflict have been, and must continue to be, resolved by consultation, cooperation, and

compromise.

KEY WORDS Integrated management Operating rules Consultative Committee

INTRODUCTION

The River Dee is a particularly appropriate example of an interdisciplinary approach to (he management
of regulated rivers. It is a multipurpose, multiuser system. The management strategy is continually
updated and reviewed through a Statutory Consultative Committee, representing both river and
abstraction interests, with substantial discretionary powers for flexible operation. The Dee Consultative
(Committee (DCC) is in many ways unique.

Publications relating to the Dee are very numerous; an annotated bibliography (Pearce and O'Hara.
1984) listing 8/ reference sources was produced in 1B4. Very few can be adequately described in a brief
overview such as this. The first section of this paper contains a brief description of the River Oee. the
development and uses of its regulating reservoirs, and the important influences of tidal action in the lower
reaches. The second section outlines the development, objectives and functioning of the DCC. which
could form an effective model for other regulated rivers. The third section covers the principles and
practices of Dee regulation.

RIVER DEE REGULATION — A BRIEF DESCRIPTION

The source of the Dee lies in the Snowdonia National Park (Figure 1). The course and topography of the
river valley and its tributaries were strongly influenced and modified by the glaciations which ended some
13000 years ago. The catchment area of 1816 km2to Chester Weir, at the head of the Estuary, ranges
from impermeable Cambrian and Ordovician shales in the West, through Silurian to Carboniferous
Limestone outcrop at Llangollen, through Coal Measures to thick boulder clay overlying the Triassic

understanding the peculiarities of natural river constraints, such as the wide variation in dry-weather

9 Sandstones of the Lower Dee valley. An appreciation of geology and geomorphology is most useful for

flows of Lower Dee tributaries, or the substantial channel and floodplain routing effects in the flat beds of
former interglacial lakes. Farmers in the Lower Dee floodplain can more readily appreciate the difficulty
of preventing flooding-completely when is is explained that they are living on the bed of a former lake
with a narrow restricted outlet capable of passing (inly 12 mm of runoff per day when running full!

tW86-9375/88/030293-1 frSOS.tt >
© 1988 by John Wiley & Sons. Ltd.
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Figure 1. The Oee catchment and location map. Contours arc in metres

Annual average rainfall varies from 2500 mm in the mountains above Bala to 600 mm near Chester.
Typical annual evaporation is 450 mm, mainly in April to September. Natural annual average runoff to
Chester Weir is 639 mm yr"1(36*8 nrls"l). Table | shows the storage and ninoff characteristics of the
three regulating reservoirs and Alwen Reservoir. Particularly notable are the wide variations in storage to
average runoff ratio, expressed in days, and this parameter (which crudely measures speed of refill) has a
marked effect on the conjunctive use management of the reservoirs. The four reservoirs control 17 per
cent of the catchment area, and 35 per cent of the average ninoff to Chester Wetr.

1 Llyn Tegid is a natural lake up to 40 m deep. It was first used for river regulation in the early 1800s.
when Telford constructed a simple adjustable weir at the outlet to permit controlled releases to sustain
flows into the canal at Llangollen. In 1956, the present regulation facilities were constructed by
lowering the take outlet by approximately 2m, building four vertical drop sluice gates, and diverting
the Afon Tryweryn behind these gates. The works allow the top few metres of storage in Llyn Tegid to
be used for flood control throughout the year, and for fine control of summer regulation releases to
support continuous downstream abstractions (originally totalling some 2-5 Llyn Tegid is in the

Table I. Dee Regulation: facts and figures

Average Average
Catchment Surface Usable Runoff Runoff Capacity/Runoff
Reservoir Area (km2 Area (ha) Capacitv mls”' mm yr” * Days
(m3 x 10%
Uyn Celyn 60 325 X 31 1590
Llyn Tegid 26: 400 1X 11-5 11 IS
Llyn Brenie no: SSH 1120

Alwen Res. > 150 15
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Snowdonia National Park, with substantial water-based recrcation (sailing, boating, fishing) on and

around Uyn Tegid, which is now an SSSI. These are aspects which had to be considered in the

formulation of the operational control rules. The occasional flooding of the town of Baia due to high
lake levels has been virtually eliminated by this scheme.

2. Llyn Celyn is a large regulating reservoir constructed in 1964, to be used conjunctively with Llyn
Tegid. into which its releases flow. Much of the 81 million cubic metres storage was allocated to
summer releases to support additional Dee abstractions of 3*4m3 s~‘, but substantial storage
allocations-were reserved for maintaining improved residual flows, flood storage, and special releases
for fishery or other purposes. A 4 MW hydro-power station was built downstream of the dam, to
generate power from regulation releases for sale to the National Electricity Grid. The combination of
controlled discharges (generally M nr3s~‘) during daylight hours, down the steep rocky gradient of the
Afon Tryweryn to Uyn Tegid, creates ideal conditions for canoe slalom, white water races, and rafting
which have been substantially developed in the last decade.

3. To meet rising regional demands in the late 1970's, Uyn Brenig, the third large regulating reservoir
was built in the headwaters of the Alwen tributary. This is a most unusual reservoir, in that its storage
capacity represents three 3 years average runoff from its small catchment area, and in certain drought
sequences (e.g. starting 1933) it would not fully refill for ten years. It is used conjunctively with Llyn
Tegid and Uyn Celyn, and acts as a reserve for infrequent severe dry yean such as 1984. With its
construction, it was possible to raise the Dee abstraction by a further 3-8 m3 s '], utilizing a valley
which was originally scheduled for a small direct supply reservoir with ayield of only 0*3 m3s~1 Llyn
Brenig. which filled between 1975 and 1979, is extensively used for recreation, and has a useful but
largely passive local role in flood peak mitigation.

4. Alwen Reservoir was built in the 1920's in the adjacent valley to Llyn Brenig, for a direct supply of 0-5
m* s '1 It is not used for river regulation at present, but in 1979 Statutory Powers were obtained to
flexibly combine the separate compensation waters from the two adjacent reservoirs, in a manner
which substantially enhances the direct supply yield of Alwen whilst marginally improving the refill of
Llyn Brenig. The Alwen compensation water is used for generating power for operation of the
associated local treatment works, and proposals to generate hydropower from Llyn Brenig releases are
under active consideration. Recreational activities on Alwen reservoir include fishing and water
ski*ing.

The Dee catchment area of 655 km2 upstream of Corwen is predominantly rural, with a population of
approximately 10000 working in farming, forestry and tourism, with small light industrial estates at Baia
and Corwen. The broad glaciated valley between Bala and Corwen contains much of the relatively scarce
pasture so important to hill farmers, yet prone to flooding. A recent study of flood peaks at Corwen
showed that, since 1964, flood control at the regulating reservoirs has doubled the return period of most
floods (e.g. 1in 5 year natural now occurs 1in 10 years) and delayed the peaks sufficiently (see Figure
2(a)) to allow fanners to dear their stock from the flood plains on receipt of flood warnings issued by
Welsh Water. Where partial flood control is exercised, it is also essential to have an effective flood
warning scheme to maximize the economic benefits of flood damage reduction.

For its 43 km between Corwen and the Manley Halt gauging station (a compound crump weir built in
1969) the over is steep and confined within a narrow incised valley with negligible flood plain. Flood
peaks from Corwen take about 5z hours to move through this reach, without much change in hydrograph
shape except the addition of tributary flows, notably from the Afon Ceiriog. The catchment area to
Manley Hall is 1013 km2 The upper part of this reach is rural: just upstream of the town of Llangollen, a
major tourist attraction located in the centre of the reach, is Telford's original canal intake, at the
Horseshoe Falls weir. The canal, now used only for recreational boating and conveyance of abstracted
river water to supply, eventually leaves the Dee catchment south of Manley Hall. The-Unver part of this
reach traverses the carboniferous strata, a locality which has been industrialized for many years, with
abandoned mine workings, waste disposal sites, and chemical and other industries close to the river.
Several of the more serious pollution incidents on the Dee in recent years have originated in this locality
(Rushbrooke and Beaumont. 1986).
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In ihc 60 km between Manley Hall and Chester Weir, the charactcr of the river changes profoundly as
it leaves the foothills, turns northwards and meanders through two broad flood plains, joined through a
narrow channel at Farndon. before reaching Chester Weir (1816 km' catchment area) via a narrow
post-glacial channel. A combination of local flood embankments and the effects of flood control at the
regulating reservoirs has virtually eliminated summer flooding of adjoining pasture, but in winter the
higher runoff and restricted outlet channel at Chester inevitably produce intermittent inundation of some
areas of flood plain. All flood hydrographs from Manley Hall expencnce major attenuation from
river-channel and flood plain storage. Figure 2(b) shows how the Manley Hall flood hydrograph of

Bala Outflow October 1987

Natural
Actual
m:me GMT
Figure 2 Llyn Vcuid (Bnlj Lake) outflow during the flietd> of Octohei (h) Rivet IDcc ll<*ui' -d Ocn>Ix:r

4 hydrojtmphs I« M.mley H:ill (upMrc:un) ;md EcdcMon Ferry (dcmnMream |
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1987 (the highest for 20 years) was substantially modified in its passage through this rcach. Within-bank
Ispates also experience marked attenuation.
Hie east bank tributaries of the Lower Dee are predominantly rural, but the west bank tributaries
include more substantial developments around Mold and Wrexham. The sewage effluent from these
“:s, and their associated industries, has been much less of a problem to the river environment since the
ley Hall regulated flow was raised from 2-9 m3s"1to 8 m3s 'lafter LIlyn Celyn was built in the. 1960s.
Chester Weiiv originally built some 700 years ago on a natural sandstone outcrop, creates a significant
Ibackwater effect for the upstream reach in which most of the major water supply intakes are located,;
large abstractions by Northwest Water Authority leave the catchment near here. Normally. Chester Weir
is the limit for penetration of saline water up-river during tides, either because the maximum tide height
%s not exceed Chester Weir level, or because of high freshwater flows. At higher tides with low
hwater flows, excess saline penetration over Chester Weir can be limited by provision of appropriate
residual flows.
However, tide heights regularly exceed Chester Weir crest level, and frequently cause strong (up to 60
@ m3s“ ‘) reversal of flows in the 20 km reach from Chester to Famdon and beyond. Two-way flows, with
temporary river level variations of a metre or more in 12 hours, will typically occur for 10 day periods in
£ summer at regulated flows. These extreme unsteady hydraulic conditions cause obvious problems for

V hydrometric measurement, real-time control of regulation releases, and prediction of times of travel.

The correct, management of regulation releases during these tidal periods is crucial, not least for
migratory fisheries, as incoming salmon generally move up the canalized section of the estuary during

@' these high tide sequences. If the residual flow is insufficient to safeguard fish between tides in the shallow
water downstream of Chester Weir (which also receives the Chester Sewage Works effluent), there will
be major fish Kills. Such fish kills occurred in most summers before Llyn Celyn releases generally

f improved the residual flows over Chester Weir, but without skilful management of regulation releases the
problem can recur, particularly during the grilse run each July, and during droughts such as 1976 and
1984.

Between Chester and Connahs Quay, the tidal Dee was straightened and embanked as part of a major

qnd reclamation programme over 200 years ago. Tidal range in the main estuary is 6m. but published

stronomical) tide tables forecasts of high tide are regularly exceeded by up to 0*7 metres when low

pressure atmospheric systems pass overhead, and occasionally by up to 1*8 metres under extreme surge

I conditions. During neap tide sequences, there are no tidal effects in the canalized reach, which conveys

the Dee residual flow to the main estuary in a shallow sandy meandering channel. At other times, a
spectacular bore moves up the canalized reach until it breaks on Chester Weir.

(( Observed tide heights at Chester are the result of complex inter-relationships between tide in the
estuary and freshwater flow. The height and time of peak tide at Chester is crucial to the hydraulic
conditions in the Farndon to Chester reach of the Dee over the subsequent 12 hours, but the

@ meteorological conditions and freshwater flows which affect the Chester Weir tide cannot generally be
forecast accurately more than 24 hours ahead. By comparison, it takes up to two days for low-flow
regulation releases from Llyn Tegid to reach Chester Weir.

I RIVER REGULATION MANAGEMENT BY CONSULTATIVE COMMITTEE

There are five regulated rivers (Dee. Clwyd. Aled. Gwrfrai, and Dwyfor) managed by Northern Division
of Welsh Water, but the Dee is the largest and the best known nationally and internationally. The overall
management strategy for this multipurpose systemm (now using three major reservoirs) has been
developed over a 30 year period, and is continually refined and adjusted, through.a Statutory
Consultative Committee representing both riverand abstraction interests.

The existence of the Dee Consultative Committee, together with the substantial degree oi flexibility in
regulation mehods permitted by Section 9 of the 1973 De$ and Clywd River Authority Act (see Appendix
1). has undoubtedly provided an effective management framework for the resolution of problems. Some
of these are described in this paper. Experience teaches us that the problems of the future will differ from
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those of the past and present, because of gradually changing social and environmental constraints, or
because of exceptional events or emergencies involving drought, flood, pollution, or perceived
mismanagement.

Intensive regulation of the Dee for major regional water supply abstractions (by Northwest and Welsh
Water Authorities, two Water Companies, and the British Waterways Board) is undertaken with due
regard to safeguarding fisheries and flood mitigation, and other interests such as recreation and
hydropower generation. Policies and practices have been formulated by constructive discussion, with
recognition of constraints and resolution of areas of conflict by mutual understanding and compromise.
Strategies for droughts, floods, special releases, and emergencies are pre-planned as far as possible.
There is also provision for rapid decision-making on those occasions when short-term tactical actions are
essential.

However, there are many actual and potential problems in regulating rivers such as the Dee. The legal
framework of the DCRA Act 1973 allows the DCC and Welsh Water (which operates the day-to-day
river regulation) to make almost all the important decisions necessary to manage the river effectively. It
also places unequivocal responsibility on these bodies to act at all times in a professional, evenhanded,

and competant manner. If mistakes or undue bias should occur, there is generally no refuge in blaming
others.

PROCEDURES FOR RIVER REGULATION

The detailed procedures for regulating the Dee are incorporated in a document entitled the ‘General
Directions’ (Welsh Water, 1987), consisting of ‘Normal General Directions’ and *Drought General
Directions*. The DCC has the function of assisting Welsh Water in the formulation of General
Directions, and the duty of commenting to Welsh Water upon any such General Directions as are
proposed or issued by Welsh Water.' Welsh Water shall, in preparing any such Directions, consult the
DCC and have regard to any views expressed by the DCC with respect to such Directions. Drought
General Directions are subject to the reasonable approval of each of the bodies represented on the DCC.
with provision for differences and disputes to be referred to arbitration. The fact that arbitration has
never yet been required, or even considered, despite severe droughts in 1975/6 and 1984. reflects the
tradition of co-operation and compromise which is expected of those officers and members who represent
different interests on the DCC.

It is more than 36 years since the first Statutory Consultative Committee (the Bala Lake CC) was
formed under the Dee and Clwyd River Board Act 1951. Their powers were very limited powers
compared to those now available to the DCC. Statutory Consultative Committees on the Dee have
existed throughout the major national reorganizations of English/Welsh Water Services in 1964
(formation of River Authorities) and 1974 (formation of Regional Water Authorities), during which the
operational and administrative units involved have undergone numerous changes. At the time of writing
(November 1987) further major changes involving privatization of RWA's and the formation of a
National Rivers Authority are under advanced consideration. Proposals for possible ‘operating
agreements' for water resources systems are also being discussed.

Continuity of management on the Dee has been readily accommodated by ensuring appropriate
representation of new organizations on a reconstituted Consultative Committee whenever major
reorganization of Water Services occurs. In this manner, privatization and/or NRA formation can also be
accommodated. The success of the DCC was recognized internationally in 1985 when a working party
from Norway, charged with the task of examining and evaluating existing methods worldwide of
achieving ‘flexible manoeuvring* of regulated rivers subject to multipurpose development, recommended
the DCC as a role model for use in Norway. They commissioned a seminar paper (Lambert. 1985) for
more detailed consideration by interested parties. In the Author s view, from experience in the U.K. and
abroad, the DCC is a role model which could be used successfully for resolution of problems in nuin\
multipurpose river regulation systems.
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However, aword of caution here would not be misplaced. The DCC (or any clones) can succeed only if
the representatives sitting on such committees dearly recognize that:

1 It is often the river and its environment which suffer most if there is ineffective management arising
from failure to compromise between various interests. —

2. The major interest (generally water supply in England and Wales, Hydropower or irrigation
internationally) can often make substantial accommodation arrangements for other interests in most
years, and in most seasons, without significantly compromising its main objective.

3. No-one, however experienced, knows everything about every aspect of a regulated river. Effective
management is a team effort, based on acHon-leaming. Representatives must be prepared to listen and
team, and often their hardest task will be to educate colleagues in their own organizations who suffer
from ‘tunnel vision*, for whatever reason.

4. Representatives must be sufficiently senior to commit their own organizations to particular courses of
action, jointly agreed after due consideration.

5. River regulation systems are real-time systems in which operations and research must continually
progress together.

Irrespective of the commitment and goodwill of Consultative Committee representatives, persistent
tension and disagreement are probably unavoidable if the resources at their disposal are clearly
inadequate to meet truly irreconcilable objectives, or the objectives are not defined with reasonable
clarity and priority. The DCRA Act 1973 not only defines objectives, but refers to a design drought of
severity estimated to occur once in one hundred years. This indirectly ensures that licensed abstractions
will not be permitted to outstrip the operational yield of the regulating storage provided. It is also worth
noting that, as most instructions will eventually be specified in terms of levels (river/reservoir) and storage
or discharge, it is essential that the procedures for any particular river do not require a standard of
hydrometric measurement/transmission/forecastmg/control which is either unavailabe or unattainable.

It should also be understood that routine day-to-day management of river regulation systems is rarely
carried out by water resources engineers, hydrologists, or scientists. More frequently the releases are
controlled by technicians, supervisors, or manual operatives, in accordance with reservoir control rules
and instructions which must be specified in an unambiguous and user-friendly manner. Whatever their
background and training, the operations personnel in day-to-day control can acquire, through
observation and experience, a ‘feel* for the natural constraints of the system (e.g. times of travel) which is
invaluable, for example if the telemetry system malfunctions during flood conditions. During
emergencies, experience is a precious commodity and should not be undervalued. In Welsh Water, the
three senior personnel closely associated with Dee regulation have, respectively. 22., 17. and 13 years
operational experience.

RIVER REGULATION METHODOLOGY

In the course of designing and refining ‘in-house* the operational control rules used in the General
Directions, ageneral methodology (the ten component method) has been derived Lambert (in prep.) and
applied to a wide variety of water resource management situations in North Wales and elsewhere. Figures
3 to 6 show some of the principle control rules derived by this method and used in the Dec General
Directions. Llyn Celyn (Figure 3) isthe workhorse of the system, where the uses of low-flow regulation,
flood control, and hydropower generation must he reconciled. Llyn Tegid (Figure 4). sited downstream
of Li\n Cclyrj. operates on a finely balanced bandwidth control which has due regard to amenity whilst
pro\idine temporary re-usable storage for variable inflows in summer, and major short-term flood
detention storage throughout the year. -

Llyn Brenig (Figure 5) is a large, slow-refilling storage reserved mainly for severe drought \cais. hut
mnevertheless the control rules also make effective use of the.seasunal inflows in more normal years. Figure
m the System Conservation Rule Curve, employs the principle of Aggregated Storage of the two largest
reservoirs iLlyn Celyn and Llyn Brenig) as the basis for assisting decisions on when to swiich from
Normal’ to Drought' General Directions, and vice versa.
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There are also control rules (not reproduced here) for sharing releases between Celyn and Brcniy, and
for amalgamating Llyn Brenig and Alwen Reservoir compensation releases in a manner which both
enhances the Alwen direct supply yield, and marginally improves Llyn Brcnic refill. Despite the many
man-years of research needed to evolve these rules for the Dee, their user-friendly graphical presentation
enables the operators to determine many day-to-day actions simply by plotting levels or storages on the
appropriate control rules graphs.

Most of the short-term forecasting systems (e.g. Lambert, 1973; Weston. 1979) used on the Dee, to
quantify the management of releases down-river in drought or flood, were initially formulated during the
Dee Research Programme (1966-76), then developed, refined, and put on computer as joint ventures
between Welsh Water and specialist agencies (e.g. Lambert and Lowing, 1980). The resulting no-frills
systems are practical, robust, and effective;

No matter how extensive their experience, it is essential that the managers and senior personnel
responsible for riverregulation are prepared to listen to constructive criticism, investigate new ideas,
foster the. spirit, of. research; and.continue, to leanu- Whilst experienced managers are unlikely to
over-react to a particular emergency, complacency can be- avoided only if it is recognized that
improvement is not only possible, but worth pursuing. There are few people who have mastered (he art of
effective communication between different disciplines, yet this is precisely what is required for river
regulation management. On the Dee, and other North Wales rivers, no-one would claim to have achieved
this yet, but we continue to try to improve our performance, and hope that such progress as has been
achieved will encourage others to do likewise.

PRINCIPLES AND PRACTICES OF REGULATION ON THE DEE
The first 25 years

The basic objectives as stated in the Dee and Clwyd River Board Act 1951 were to set a prescribed flow
of 2*Om3s-- ' at a particular river gauging station on the Dee (Erbistock, later replaced by Manlev Hall
just upstream), which would allow continuous water supply abstractions downstream by a number of
water undertakers. "General Directions’ would be drawn up to specify how the sluices at LIyn Tecid were
to be operated to maintain this prescribed flow, having due regard to: (1) mitigating flooding; (2) securing
the canal abstraction; and (3) safeguarding the fisheries.

This was a very low degree of regulation as natural flows at Erbistock only fell below this prescribed
flow for two or three months in drought summers such as 1959. When Llyn Celyn was constructed the
prescribed flow at Erbistock was raised to 7*9m3 s_1I, with the same objectives as in the 1951 Act.
Regulation releases were required for several months in most summers between 1965 and 1973. but no
severe drought was experienced. Demands rapidly rose to equal the yield of the system by 1974.

The Dee and Clwyd River Authority Act 1973 modified the objectives of regulation by adding that the
General Directions should also have regard to '‘any other purposes which, in the opinion of the Authority,
are consistent with the purposes aforesaid*. This Act also created great flexibility for low flow regulation
by allowing the General Directions to vary the prescribed flow, and the point at which it was measured.
The only fixed Statutory Compensation Waters, those for LIyn Celyn, Llyn Brenig. and Alwen Resevoir
are higher in April to September than in October to March. (Table 11).

This flexibility was used in 1974, when an early spring drought was threatening severe supply
restrictions later in the summer. The prescribed flow measurement point was moved to Ecdcston Fern.
just upstream o f the largest abstractions near Chester Weir, to take full advantage of natural runoff from
the whole Dee catchment. Despite doubts that the difficult hydrometric conditions in the tidally affected
Lower Dee would make it impossible to regulate the river accurately, unconventional yet reliable
methods of gauging were employed (Weston, 1979) and the river has been successfully regulated to
Ecdeston Ferry ever since.

The pre-1974 prescribed flow was fixed by statute, and had to be sustained each day whether the
licensed abstractions were taking place or not (a quite unjustifiable waste of precious storage on
occasions). The flexibility of the 1973 Act allowed the maintained flow at Eccleston Ferry to he ba>cd on
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Tabic U. Statutory compensation waters

April-'Sept Oct-sMarch
mgd nr*“m  mgd nris“"

Uyn Celyn 140 0-74 7-0 037

Llyn Brenig Subject to 1mgd.
and Alwen 55 0-29 30 0-16 0-05mJs- 1 min
Res. together from either

actual abstraction requirements (specified to the regulation control ccntre two days in advance) plus the
design residual flow of 4*2 nrls“ 1over Chester Weir.

It is worth noting that, in the 1960s when several U.K. river regulation schemes were being
implemented, there was serious concern as to the probable magnitude of regulation losses’, i.e. the
excess releases which would have to made to cover inaccuracies in forecasts of release requirements;
figures of 10 to 15 per cent were commonly quoted. By specifying maintained flows which couid vary in
line with actual abstractions, and using forecasts of natural runoff based on simple recession curves with
very accurate main-river flow measurement, regulation losses on the Dee can be held below 10 per cent in
normal years: by changing the method of regulation under Drought General Directions they were
reduced to 5 per cent in 1976 (Jackson and Bailey, 1978). In fact, excess releases are not really Mosses’' to
the river as they enhance the residual flow, and it is likely than in future on the Dee they may be
considered as a variable component of the design residual flow.

In any river regulation system, situations will arise during severe droughts when storage conservation
measures are unavoidable, often because it is not politically acceptable to assume that the drought will
end as early in the autumn as previous droughts. Thus we have the concept of ‘operational yield’, as
compared to the 'hydrological yield' which is retrospectively calculated from a particular drought
sequence with a known end-date. On the Dee, which uses many individual control rules, it was decided to
treate a seasonal ‘Conservation Rule Curve’ (Figure 6) using aggregated storage of the two main
reservoirs, to act as the trigger for optional initiation of conservation measures under Drought General
Directions'.

Welsh Water suggested to the other abstractors represented on the DCC that an appropriate principle
would be for a conservation action on the river to be accompanied by a conservation action by all four
water supply undertakings, and it was agreed that under Stage 1of the Drought General Directions, no
river conservation action would be taken until all four undertakings had implemented domestic hosepipe
bans under the 1945 Water Act. For the corresponding river conservation action, it was decided to
temporarily change the method of regulation so as to release from the regulating reservoirs a daily
amount equal to their minimum inflow plus the net abstraction requirements (after allowing for sewage
effluent returns) upstream of Chester Weir. The effect of this would be that flows over Chester Weir
under Stage 1 of DGD’s would be approximately the same as if there was no abstraction scheme in
operation, and regulation losses should be virtually eliminated as there is no accurate forecasting of river
flows involved.

When this procedure was used during the 1976 drought, at a time of serious water shortage (Uyn
Brenig had just started its initial 4-ycar filling) it was successful except that it did not provide adequate
protection downstream of Chester Weir for the migrating salmon, and over 100 (out of an estimated run
of 4000) died in the tideway. Determined to ensure no repetition of this in future, a detailed review ot all
available data on residual flows, fish movement, river quality, and temperature data.at Chester Weir-wa*-
undertaken by Welsh Water (Blezard and'Lambert, 1979). It was concluded that:

1 During the annual grilse run (young salmon returning from the sea for the first time. u>uaily in July }.

residual tlows should exceed 5*5 m"' s"

2. Under DGD's stage |, special releases should be made at times of high tides to safeguard migrating
fish moving up the tideway.
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The last decade

Sincc 1976. these revised procedures have proved satisfactory for over ;i decade, including the severe
1984 drought, when Stage 1 D CD 'swere implemented for a 7-week period from !;uc July and there were
no recorded fish mortalities attributable to regulation. It is now- clearly recognized that there is >
apparent benefit in seeking to maintain an exact fixed steady rcsidu;ii flow at all times.

Stage 2 of the D G D’'s envisages minor reduction of the releases under Stage 1 coupled with application
by all four undertakings for Orders under Section 13(b) of the 1976 Drought Act for restriction of ccrtain
non-essential uses of water. Such applications were about to be made in early September 1984. for
possible implementation in early October, when the drought broke.

Table 11! shows the current licensed and actual abstractions from the Dee upstream of Chester Weir.
Table IV shows recorded average flows in the Lower Dee, on a monthly basis, for the period 1980-86,
and the drought year of 1984. Because the largest abstractions are downstream of Ecdeston Ferry, the
whole river down to this point benefits from the regulation releases from upland storage to support these

Table Ill. Authorized and actual (1986) abstractions by designated abstractors
Authorized 1986 Actual No. of Abstraction

Abstractor mgd m-<! mgd s points
Welsh Water 5-2 0-27 196 0-10 | +
North West Water 156*0 8-21 120*07 6-32 J
Wrexham Water Co. 8-0 0-42 5-78  0-30 2
Chester Water Co. 7-5 0-40 5-99 0-31 |
British Waterways Board 6-2 0-33 1*55 0*08 1
TOTAL 182-9 9*63 135-35 711 10

Note: Canal not fully operational in 1986 due to breach

Table IV. Regulated river flows. The following table shows the average daily flows (nr's"J)
on a calendar month basis, for the period 1980-86 inclusive: during this period the
maintained flow at Ecdeston Ferry hasvaried around 11*5 mJs' * except during late July to
early September 1984. when Drought General Directions were in operation. The average
monthly regulated flows for the drought year of 1984 are shown in brackets for comparison.
During the period 17th April to 2nd September 1984, an average of 6-07 nr' s_| was drawn
from storage in Llyn Celyn and Llyn Brenig for low flow regulation of the Dee.

Manley Hall Ecdeston Ferry Chester Weir
January 55*6 (65-9) 690 (80-9) 631 (75-2)
February 38-0 (50-6) 49*7  (63-1) 43-6 (56-9)
March 39-5 (16-4) 48-3 (20-8) 42*4  (U-8)
April 23-9 (102) 31-3 (12-8) 25-4  (6-9)
May 180 (100) 22-8 (12-0) . 168 (5-8)
June 15-4  (9-8) 187 (117) 127 (5-4)
July 110  (9%6) 13-2  (11-1) 7-0  (4-8)
August 17-1 (8-4) 19-7 (10-3) 139 (4-9)
September 20-2 (18-9) 23-3 (21-5) 17-4 (Ib-4)
October 39-4  (42-1) 44-3 (46-0) 384 (40-4)
November 510 (59-9) 60-1 (75-1) 541 (69-1)
December 56-4 (38-4) 69-0 (49-2) 63 | (43-5)
Annual 321 (28-2) 39-1 (34-4) 332 (258.7)

Note: At the present informal maintained flow of 11-5 m-' s 1at EctHcsion Ferry, low flow refutation
releases may be required from the reservoirs at any time between April and Not ember.
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abstractions. These regulated flows in the middle and lower reaches are several limes greater than the
natural minimum flow during July and August, and ensure that the fisheries are safeguarded even in such
a severe drought. The flows over Chester Weir to the tideway show the effect of the abstractions, but are
controlled in such a manner as to safeguard both the fisheries and the abstractions.

On regulated rivers in the U.K., effective management and limited conservation in the February to
May period, before minimum flows occur, can often greatly reduce problems later in the summer of a
drought year. This was never more evident than in 1984; for example, on the Dee, hydro-power releases
from Uyn Celyn were stopped as early as February, to conserve storage, in accordance with the Control
Rules (Figure 3). Other regulated rivers in North Wales, such as the Elwy and Dwyfor, did not have the
flexibility of Dee regulation to conserve upland storage in Spring, and by July severe reductions in
compensation water and residual flows had to be applied for. Drought Orders take time (four weeks
minimum) to obtain, and will not be granted unless ‘by reason of an exceptional shortage of rain, a
serious deficiency of supplies exists or is threatened’; reaction rather than prevention. Welsh Water are
seeking modifications to licences to operate their regulated rivers (other than the Dee) more flexibly in
future to try to improve the management of existing resource systems.

DISCUSSION

The management of the River Dee encompasses a range of benefits in addition to the traditional ones of
water supply and hydro-electric power production. In addition to coarse fishing in its lower reaches, the
Dee yields some 2400 salmon annually, to nets and rods, and LIyn Brenig isa popular trout fishery. Welsh
Water has fish traps on the Afon Tryweryn and Afon Alwen, its own hatchery near Corwen. and fish
counters at Manley Hall and Chester Weir. The Area Fisheries Officer has immediate access to
substantial special releases at his discretion, and arrangements have been made for extra-statutory
enhanced compensation discharges from several regulating reservoirs in North Wales during the late
Autumn, when migratory fish are moving up the tributaries, the reservoirs are refilling, and winter
control rules show that there is no significant risk of prejudicing refill. Such discharges have a dual benefit
by providing enhanced seasonal flood control storage at this time of year.

It is necessary to draw a distinction between safeguarding fisheries (an objective of Dee regulation) and
attempting to create ideal conditions for catching migratory fish. The two objectives are not necessarily
compatible, as evidenced by comparison of data for rod catches and movements through fish counters in
1984, when only 250 salmon were taken by rod and line, yet the fisheries were undoubtedly ‘safeguarded’.
However, as there is sometimes a correlation between river flow and fish catchability.on certain reaches
of river, an interrogable river level gauge has been provided at Manley Hall for use on the public
telephone network, and this facility is intensively used by farmers and anglers.

The regulated Dee provides more than adequate dilution for the treated effluents upstream of water
abstraction points; the effects of occasional pollution incidents arising from spillages or accidents can be
mitigated also. Most are of no significance, but some can cause severe problems if they are not detected
and enter public water supply systems. In January 1984, an unnotified discharge of phenolic compounds
resulted in some 2 million people experiencing an unpleasant TCP taste on their tap water, drawn from
the Dee, for several days. As all four Water Undertakings were affected, it was recognized that there
were deficiencies in existing monitoring and emergency procedures, and comprehensive arrangements
were introduced using pooled resources to set up an effective warning scheme, known as DEEPOI.
(Rushhrook and Beaumont, 1986). Since this was introduced in late 1984. all pollution emergencies likely
to have adverse effect on public water supply have been effectively detected and monitored. Intakes are
temporarily shut down, and special releases-discharged from the'regulating reservoirs to dilute the
pollution and speed its passage down-river into the tideway. Such procedures obviously require reliable
forecasting of time of travel at different river Hows (Weston. 19X7).

Riparian land owners are understandably concerned about the consequences of significant alteration*
to natural sequences of river flows, particularly during flood events. Will reduced peak flow's and longer
durations of medium discharge after the peak result in their land being waterlogged for longer? How can
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they judge when to lake precautionary actions such as moving their stock, us the river rises? Wwill
continuous controlled summer releases from a regulating reservoir deny them and their stock ucccss
across the river, or will sudden changes in flow cause a hazard? It is clearly the responsibility of the
regulating Authority to investigate such questions thoroughly, and to initiate nccessary actions where
necessary such as provision of flood warnings, accommodation works, and warning notices. It-is most
useful to have a computer model readily available which can be used to show what would have happeocd
in the absence of regulation control in a particular flood event. Figure 2a shows the effect of flood control
at Llyn Tegid and Llyn Celyn on the outflow from Uyn Tegid during the October 1987 flood.

Hydropower generation at LIyn Celyn not only contributes to the national grid, and provides income
for Welsh Water, but also creates an ideal situation for white water canoeing in the relatively short reach
of river between Llyn Ceiyn and Uyn Tegid. Short period releases from Llyn Celyn can be 'caught' and
‘balanced* in Llyn Tegid, so as not to cause significant fluctuations in river level downstream of Bala
Sluices. Power generation income is not truly maximized at present, as water conservation and flood
control have been given priority. Some consideration is also given to canoeing interests in the timing of
releases! The toss ofa relatively small amount o fpotential income is accepted as a reasonable price to pay
for promoting and enhancing multipurpose use of the resources.

Llyn Brenig and its catchment area are particularly suited to outdoor and water-based recreation, and
with the assistance of a local non-statutory advisory committee facilities have been provided for sailing,
fishing, bird-watching, walking, and many other activities, including an archeological trial. The initial
temporary visitor centre was so effective in attractin visitors (some 200000 throughout the year) that a
permanent visitor centre has recently been constructed. The canoeing facilities on the Afon Tryweryn
have also been developed with the assistance of a local advisory committee.

There is little doubt that, with the exception of the fishlcill in the Dee Estuary during the 1976 drought,
the objectives for regulation of the river, as set in the ,D.eQand Clwyd River Authority Act 1973, have
been met consistently. It is hoped that this brief exposition of Dee Regulation will provide a better
appreciation of the many aspects which must be considered in the management of a regulated river. The
key words are consultation, cooperation, compromise, and competence.

ABBREVIATIONS USED

DCC Dee Consultative Committee
DCRA Dee and Clwyd River Authority (integrated into Welsh Water Authority in 1974)
DGDs Drought General Directions

MW Megawatts
NRA National Rivers Authority
RWA Regional Water Authority
SSSI Site of Special Scientific Interest
TCP Tri-chloro phenol
WELSH WORDS
Afon River
Llyn Lake e.g. Bala Lake is also known as Llyn Tegid

APPENDIX I precis of the Dee and Clwyd River Authorit> Act 1973

(1) The Bala Lake works and the control sluices and appliances in connection therewith shall lv
operated by the Authority, and the discharges of water from Llyn Celyn and Llyn Brenig shall he
regulated by the Authority, in accordance with General Directions to be issued from time to time >
the Authority as normal eeneral directions or drought eeneral directions.
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(2) Normal general directions shall—

(a) prescribe the flow or flows of water in the River Dee to be maintained at Erbistock gauging
station or elsewere, and the period or periods during which such flow or flows is or are to be
maintained

(b) ensure, as nearly as may be, maintenance of the said flow or flows at all times, except during a
drought more severe than the design drought, whilst having due regard to the following
purposes:

(i) mitigating flooding
(i) securing a sufficient quantity of water for the canal abstractions near Llangollen
(iii) safeguarding the fisheries
(iv) any other purposes which, in the opinion of the Authority, are appropriate and
consistent with the purposes aforesaid
C)’) Drought general directions shall describe the principles, and such detail as may be considered
expedient and practical, in accordance with which the flow or flows prescribed by the normal gneral
directions and the designated abstractions, shall be reduced in a drought more severe than the design
drought.
(4) (a) The Dee Consultative Committee consitution shall be:

The Authority 3 representatives
Designated abstractors 1 representative each
British Waterways Board 1 representative

(b) Meetings to be convened by the Authority, held at such intervals as the committee may decide,
or at the instance of the Authority or upon request in writing to the Authority by any of the
bodies represented on the committee.

(c) The committee shall have the function of assisting the Authority in the formulation of general
directions and the duty of commenting to the Authority upon any such directions as proposed or
issued by the Authority.

(d) The Authority shall, in preparing any such directions, consult and have regard'to any views
expressed by the committee.

(5) Drought general directions issued by the Authority shall be subject to the reasonable approval of
each of the other bodies represented on the committee and. except as provided under (7) below,
shall not come into operation until notice of approval has been given by each of such bodies.
Drought general directions are deemed to be approved if not disapproved within two months of
receipt.

(6) Drought general directions to be reconsidered and revised whenever reasonably so required by any
of such bodies.

(7) Emergency drought general directions come into force immediately as from date of issue. They can
be annulled by notification of disapproval by any body on the committee within three months, but
are valid until disapproval notified.

(8) Differences or disputes to be referred to and determined by an arbitrator agreed between parties or
appointed on application to the President of the Institution of Civil Engineers.

(9) Certain existing abstraction licences issued under Water Resources Act 1963 deemed 10 he subjoei
to drought general directions.

(10) ‘Design drought’ is of a severity estimated to occur once in one hundred years;

‘designated abstractor* is a statutory water undertaker or other person or body authorized by licence

to abstract waier from the Dec subject to a condition that the abstraction.shall ho-subject-to am'

drought general directions issued by the Authority.
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SCHEDULE 3 - MANAGEMENT RULES

General Principles

Llyn Brianne Reservoir 1is used Co regulate che Tyvi co supporr ar.
abstraccion ac Manorafon and further downstream an abstraction ac
Nantgaredig. Boch abscractions are by the Undertaker and used
conjunctively with other sources. There is provision for
coapensadon: water .and freshet; releases froa Llyn Brianne. for the
river system, which is an important salmon and sea trout fishery for
both coamercialLand angling- interests*

A number of water quality problems have been identified in the river
system.— Thesé& areprimarily- the acidification of waters in the upper
catchment, the low temperatures of water released from the bottom of
the reservoir,. -/and. dissolved mxygen problems in the estuary at
certain tidal states. Research into the effects of current operating
practices is id progress and the results when available will be taken
into consideration. In the meantine, the present practice of
releasing water froa Llyn Brianne at a uniform rate to support
abstractions which, at tines, are. not wuniform 1in rate, should
continue.

The originally quoted yield of the Llyn Brianne scheme was 391 Ml/d.
However, as part of the preparation of this Operating Agreement, the
system yield has been re-evaluated cn efo basis f “Operational
Yield®, which incorporates realistic assumptions as to the latest
date when a drought, would end.- These calculations give an
operational yield of 235 MI/d (assuming no drought orders) or 253
MI/d approx. assuming that a drought order was obtained which would
not require the 136.4 MI/d residual flow downstream of Nantgaredig to
be maintained after 1st September In. a drought year. These figures
compare to the Undertaker®s licensed abstraccion of 263.7 MI1/d, and
the current maximum actual abstraction of some 200 M1/d.

Spare yield, can be created In the system by the Undertaker reducing
their abstraction at Manorafon and/or Nantgaredig below the licensed
daily maximum when necessary, 1in order to allow the Authority the
facility to allocate part of the operational yield to other potential
abstractors. The Undertaker agree to make available to the
Authority, 1if required, from the calculated operational yield of che
regulation system, 15 MI1/d (or 25 MI/d 1if no transfer link co che
Cleddau system is constructed, or such ocher greater figure
consequent upon upward revision of the operational yield i1f Droughc
Orders or other means of increasing the operational yield are
permitted in future) of net abstraction capacity ac any point or
points on che river Tywi downstream of Llyn Brianne reservoir. The
Undertaker also agree co operate their regulation facilities co
enable such net additional licensed abstraction co be made by chird
parties.
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These management rules provide a framework for ensuring chac che
Scheme operaces in a vay chac maintains sufficient scorage co meet
demands vich minimum need for Droughc Orders. Proposals Co improve

che qualicy of Che river Tywi can also be agreed and implemented
within che framework. (See 3.7.3 below).

River Reflation Commitments
Abstraccions:
The river regulation releases for Llyn Brianne are required: -

i) co supporc licensed"abstractions from the Tywi by che
Undertaker at Kanorafon and Nantgaredig.

ii) co support additional unspecified future abstraceions.
Compensation Water,- Hands-Off:Flow and* Residual Flow:

a) LIyn Brianne: a uniform and continuous compensation flow
of not-less than 68.19 megalitres per day.

b) Nantgaredig Residual Flow: the rata of flow In the Tywi
downstream of the intake shall not be allowed to fall
below 136.38 megalitres per day.

c) Kantgaredig and Kanorafon Hands-Off Flows: the
abstractions at Nantgaredig and Kanorafon- shall be such
that in total they will -not exceed th« quantity r< leased
from Llyn Brianne 1in the previous 24 hours vhen the
natural flow in Che catchment downstream of the reservoir
is 681.9 KI/d or less at Nantgaredig and/or 377 .3 MI/d or
less at Kanorafon.

Requirements for the magnitude of vreleases co meet
abstractions vhen natural flows are approaching che above
hands-off flows are specified in che relevanC licences
lisced in part 1 of Appendix 2B to Schedule 2.

Regulation/Augmentation Releases:

Releases are made from Llyn Brianne to supporc che abstraccions
listed in 3.2.1 above subject to 3.2.2.(b) and 3.2.2.(c).

Generation of hydroelectricity:

None at present, but proposals may be brought forward in future.

Other Releases:

The Undertaker will, in any calendar year, release up to 9092 Hi in
such amounts and for such durations as may be requested by che
Authority subject to exceptional over-riding operational constraints.
Such releases shall be categorised as "guaranteed freshet releases",
and each time such a release is made che “fesidual guaranteed freshet
release* for that calendar year shall be re-calculated. Such
releases shall be allowed to pass over Capel Dewi weir subscantially
undiminished in quantity.
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3.3

The Undercaker and che Auchoricy may determine, through che Operating
Manual and Che Consultative Croup (see 3.3 below) appropriate
arrangements for opportunistic river management releases in addition
to che "guaranteed freshet releases™ when Llyn Brianne scorage 1is
within the "Potential Excess Zone"” shown 1in the control rule. Figure

2.

IC may from cime co cime be necessary Co make releases from Llyn
Brianne for reservoir safety or maincenance.

Flood alleviation:

Thereareno ;arrangements at present, but proposals may be broughc
forward in che future.

Operating, Manual

The detailed local arrangements for operation of the Tywi Regulation
Scheme will be specified in an Operating Manual.

The contents of the Operating Manual oust be in accordance with che
principles set out in this Agreement. The Operating Manual can be
updated and revised as necessary without modification to Che
Operating- Agreement, provided that such updates and revisions are
agreed by both parties Co chis Agreement.

A small Consultative Group (the Tywi Consultative Group) .v exist
to assist In the updating, and revision of the Operating tf&mial. Its
function will be to agree procedures for the release regulation

water and freshets for river management, procedures for emergencies
and Drought Order appiicacions, co agree any updating and revisions
to Che Operacing Agreement, and to undertake such formal or informal
discussions relevanc Co che Tywi Regulation Scheme as may be
necessary. The Consulcacive Group will consisc of:-

2 representatives of Che Undertaker and
2 representatives of Che Authority.

The names of the represencacives are specified 1in che Operacing
Manual cogecher wich such ocher informaclon as may be appropriace.

The Consultacive Group may, 1in undertaking cheir duties, liaise with
specific local riparian incerescs, and Statutory Conservation Bodies,
as and vhen che Consulcacive Group members agree such liaison is
appropriace.

The firsc issue of chis operating manual 1is co be prepared by the
Consulcacive Group represencacives prior co 1 March 1990, afcer which
Che Undercaker will be responsible for its produccion and
discribution.



.1

.1

1

Exchange, of Information

Provision 1is co be made in che Operacing Manual foe daca exchange
between che Auchoricy and che Undercaker in relacion co reservoir
levels and storages, river levels and flows and abscraccions ac any
site where such data 1is measured so far as |Ic relaces co che
operation of che "Tywi Regulation Scheme™.

Droufht Management _
The main principles of management of Llyn Brianne storage are

summarised in Figure 2 which may be modified by mutual agreement of
the Tywi Consul tative Group.

Cost Apportionment

The Apportionment Ratio agreed is that the Auchoricy shall contribute
100% of the costs as detailed in Schedule 4.

Other Relevant Matters

The Undertaker shall consult <che Authority before varying che

management of any land if chac variation involves any maCter which is
che subject of this Agreement.

Any information which the Authority may acquire relating co pollucion
Incidents which could adversely affecc che operation of dt
Undertaker®s |Intakes or the quality of wacer abstracted, is. co t*
notified to the Undertaker without delay.

The Undertaker will meet che reasonable requirements ofthe Authority
in improving the quality and temperature of wacer discharged from
LIyn Brianne by varying che land management under their control and
implementing such other measures as are deemed to be necessary by che
Authority, provided chac such measures do noc conflict with any of
the Undertaker®s sCatutory obligations or levels of service. The

cost of such works will be included in costs for the purposes of
Schedule 4.

SCHEDULE 4 - FINANCIAL PROVISIONS

Payments Dates

Payments will be made by the Authority to che Undertaker in respect
of each relevant financial year commencing L April as follows:*

Four quarterly Provisional Payments on 1 July. 1 October, |1 January
and 31 March in chat year.



Environmental Impacts of the Brianne River regulation Scheme

1.0 Impacts on Vater Quality

Measured impacts”:

1.1 Temperature: Water column thermally stratified during summer months
Maximum hypolimnetic temperature 8 degrees centigrade,
up to 15 deg. lower than epilimnion. Release water Iis
hypolimnetic causing "Thermal Resetting®" *NB. in the
River Tywi. Impact observed for over 36Km (WWA 1988)

1.2 Sedimentation: Accumulation of iron and manganese rich preeipicaces
in/on sediment immediately downstream of reservoir
observed. Impact observed for 3Km to confluence with
Doethie (WWA 1986). Sedimentation of other planktonic
debris likely - enhanced due to hypolimnetic release.

1.3 Acidification: Upper Tywi catchment suffers from surface water
acidification (low pH, low dissolved calclua and high
aluminium concentrations) . This has contributed to by
afforestation associated with reservoir development.
Historically therefore, reservoir was acidified and
impacted main river Tywi downstream to Llandovery (11
Kb ). Reservoir displayed pH stratification (due to
thermal stratification) and served to increase the
severity and extent of acidification in the Tywi
(primarily during regulation releases)(NRA 1990, WWA
1988).

* Thermal resetting

(A) reduction in mean summer temperature by up to 8 degrees Celsius.
(B) Delays in the onset of temperature rise 1in spring.

(©) Increased temperatures 1in spring.

** Liming of Llyn Brianne (since 1991) has ameliorated acidification
impact in the Upper Tywi (NRA 1991). However, long term committment to
liming has not been made therefore reacidification could occur.

2.0 Impacts on Aquatic Ecology

2.1. Benthic macroinvertebrate communities * The River Tywi for at least 1.5
Km downstream of the Llyn Brianne Dam has a severely depleted benthic

macro invertebrate coamunity is quite severely depleted. The site would have
been influenced by acidification up to Summer 1991 (See 1.3), but liming of
the reservoir in Spring 1991 has not resulted in any major improvement at this
site. Families of mayflies (heptagenidae), stoneflies (leuctridae,

Perlodidae), caddis-flies (sericostomatidae, goeridae) and beetles

(Coleoptera) are consistently absent or present at low abundance. It is
suspected that the observed impact may be due to the settling out of reservoir
ederived deposits rich in manganese (see 1.2) and an unacural flow and thermal
regime (see 1.3). Some 7.5 Km further downstream there is no measurable
impact.

3.0 Impacts on Conservation/terrestrial ecology
3.1. The scheme flooded some 20,000 Ha of Welsh upland river valley including

oak woodland which supported a characteristic flora and fauna. There was ac
least one pair of Red Kites nesting in the valley and the area had che



potential to support further pairs of this species which is now spreading from
its stronghold in mid Wales.

3.2 The flooding of the valley probably made farming uneconomic on the
surrounding slopes which encouraged afforestation of the reservoir margins

with conifer monoculture at the expense of moorland and its associated flora
and fauna.

3.3 In 1991, 34 pairs of little ringed plovers (59X of the Velsh population)
and 58 pairs of common sandpipers (20X of the welsh population) bred on gravel
shoals on the lower river Tywi. If river flows in spring and early summer are
significantly enhanced by releases from the Brianne dam, there is a danger
that the nests may be destroyed. There 1is a potential threat also to sand
martins and kingfishers which nest in river banks.

4.0 Impacts on Fisheries

4.1 Loss of spawning and juvenile habitat. Habitat previously used by
migratory salmonids both within the impoundment and subsequently upstream and
downstream of LIyn Brianne have been lost. Initially a trapping and trucking

scheme was initiated but soon failed. Mitigation is now performed by means of
a smolt stocking scheme.

4:2 Reduction in flows below dam. The reduction in the size and frequency of
spates below the Aam may have an impact on adult fish returning to the upper
reaches by not attracting fish sufficiently high up the catchment to fully

utilise the river directly below the dam. The reduced variation in flows has
lead to the “siltationl of gravels with material rich in manganese. This may

reduce egg survival in the upper reaches though this impact has never been
quantified.

4.3 Temperature effects on fisheries.

Reduction of mean summer temperatures by up to 8 degrees Celsius. (Section
1.1) and delays in the onset of temperature rise in spring, delaying both the
onset of feeding and the emigration of parr/smolts.

Increased temperatures in winter may also shorten egg hatching times such that
the fry hatch and swim up when suitable food lItems are not available.

4.4 Water quality within the dam. The acid waters study has demonstrated the
upper Tywi catchment is seriously affected by acidification, although the
effects of pH would be expected in the absence of the dam. The use of
hypolymnetic releases may cause an increase in the severity and extent of the
impact downstream, because of pH stratification. The impact has been addressed
by the NRA over the past three years with an extensive liming project this 1is
however expensive and will be reviewed with regard to funding in the future.

4.5 Organic debris. Reduction in both autocthonous and allochthonous detritus

and debris, reducing contributions to food chains and habitat for juvenile
salmonids.

4.6 Abstraction. Two major potable abstractions are supported by the scheme,
one in che upper catchment ac Manorafon, che main abstraction point being at
Nantgaredig in the lower reaches a few kilometres above che head of tide.
Nancgaredig abscraccion is used extensively during the nighc.

Radio cracking studies on adult salmonids on the Tywi have shown that under
"low flows"™ fish show a preference co enter the river during the hours of
darkness. Under low fLows therefore the use of abstraction mainly during the

hours .1 darkness may adversely effect the successful entry of fish to thi:
river from che estuary.



The instantaneous operacion of pumps on a night has been shown on some rivers
zo strand large numbers of juvenile salmonids on riffle areas. This may be a
problem on che Tyvi but has not been investigaced.

*.7 Mitigation. A scheme involving che operacion of several craps co capture
iscendihg adults below che dam and upscream craps co capture descending kelts
ind smolts was inicially sec up as micigacion for che fisheries loss co che
Tywi. Catches in boCh upscream and downstream catches quickly diminished and
;he scheme was eventually replaced by a smolt stocking scheme,which scill
concinues.

There has been no evaluation as yec of the smolt scocking scheme which does
not appear to be as successful as ic might. The 1impact arises from once a
aicigacion scheme has been agreed, it is difficult to either increase che
capital for che scheme or significantly alter it if it is proved to have
little effect on the numbers of returning adult fish.

4.8 Public perception. Public perception of the NRA is also impacted by the
dam. Any deterioration in the fishing whether this be real or perceived is
blamed on the dam and the NRA. Criticism is often miss guided as anglers
believe that releases from the dam occur frequently reducing che prospects for
cheir sport.

There are some advantages.

1. flows are maintained to a greater extent during che summer increasing che
overall wetted width and therefore probably area available to juveniles and
che movement of returning adult fish.

2. There is a small capacity for fisheries releases. However current
operational constraints prevent these being used co maximum effect and are
perceived as having little overall benefic currently.
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SCHEDULE 1 - DESCRIPTION OF SCHEME

The Eastern Cleddau Regulation Scheme comprises che Llys-y-Fran
reservoir and impounding dara togecher with che works and structures
for the discharge and measurement of compensation and river
regulation releases.

Llys-y-Fran Reservoir Impounds the River Syfynvy (Syfni) and receives
overflow and compensation vater from Prescelly Reservoir which is a
direct supply reservoir located higher in the catchment. The natural
inflov to Prescelly can be augmented by pumping from the headwaters
of the Eastern Cleddau at Pont Hyvel. See Figure 1.

Compensation and river regulation releases are discharged into the
Syfynwy which 1is a right bank tributary of che Eastern Cleddau.

Llys-y-Fran Reservoir has a gross capacity of 9090 megalitres vhich
is used to regulate the Eastern Cleddau to support an abstraction at
Canaston pumping station by Dvr Cymru cyf. The abstraction
conditions are specified in Schedule 3.

The reservoirs and associated works included in this Agreement are
detailed in Appendix IA.
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SCHEDULE 3 - MANACKMKNT RUI.KS

General Principles

Llys-y-Fran Reservoir 1is used Co regulace che Syfynwy tributary of
Che Eastern Cleddau co support che Dwr Cymru cyf abstraction from the
Eastern Cleddau at Canaston. There is provision for compensation
water and freshet releases for the river system which is a
significant sea. trout fishery.

The Scheme is the primary source for much of Pembrokeshire and is
used conjunctively with other sources in Pembrokeshire, chiefly
Prescelly reservoir, and the abstraction at Crowhill on the Western
Cleddau. Llys-y-Fran reservoir is an important local amenity
supporting recreational activities.

These management rules provide a framework for ensuring chat the
scheme operates in a way that maintains sufficient storage to meet
demands with minimum need for Drought Orders. They also provide for

the maintenance of adequate flows for other water users and general
riverine ecology.

Spare yield can be created in the system by Dwr Cymru cyf reducing
their abstraction at Canaston below the licenced daily maximum of 59
H1/d when necessary, in order to allow the Authority the facility to
allocate such spare yield to ocher potential abstractors. Dwr Cymru
cyf agree to make available to the Authority, if required, from the
calculated operational yield of the regulation system (67 M1/d) up to

. 1 MI/d of net abstraction capacity at any point or points on
the Eastern Cleddau or downstream of Prescelly reservoir. Dwr Cymru
cyf also agree to operate their regulation facilities to enable such

net additional licenced abstraction of up co .... MI/d co be made by
third parties.

River Regulation Commitments.

Abstractions.

The river regulation releases from Llys-y-Fran inco che Syfynvy are
required:

i) to support a licenced abstraccion from ch.- ijsv.ern
Cleddau at Canascon by Dvr Cyraru cyf.

ii) Co compensate for any abstraccion ac ?onr el oy Lw
Cyn-ru cyf which voulc; reduce cho resiv.aj =1
CAnaston weir belov MI/r..

iii.. 1o support addicionai “nspecifioa ru: .I't *0i
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3.2.3

3.2.4

3.2.5

Page Pages

Compensation water «r.a Hands-0Ff riow

a) Llys-y*Fran Compensacion Flow: a uniform mid continuous
compensation flow of not less than 13.638 megalicres per
day to be measured at an Authority approved gauging
station within 250nr. of the base of the dam.

b) Pont Hywel Residual Flow: a hands-off flow of 4.546
MI/d.

c) Canaston Residual Flow: The abscraction at Canaston weir
shall be such that a daily quantity equal to the natural
flows from the unreservoired catchment area co Canaston
veir (ie. excluding any contribution or compensation
water from the catchement area from the Prescelly and
Llys-y-Fran dams) shall be allowed to pass over Canaston
Veir undiminished whenever such natural flows are 68.2
MI/d or less.

Regulation/Augmentation Releases.

Releases are made from Llys-y-Fran to support the abstractions listed
in 3.2.1 above and subject to 3.2.2 (c) above.

Generation of hydro electricity:

Generation limited to uniform and continuous discharge of
compensation water at Llys-y-Fran.

Other Releases:

Dwr Cymru cyf will, in any calendar year, release up to 955 MI at a
rate not exceeding 68.2 MI/d, at such times and for such durations as
may be requested by the Authority, subject to exceptional over-riding
operational constraints. Such releases shall be categorised as
"guaranteed freshet releases”’, and each time such a release is made
the "residual guaranteed freshet releasel for that calendar year
shall be re-calculated. Such releases shall be allowed to pass over
Canaston Weir undiminished in quantity.

In addition, Dvr Cymru cyf and the Authority may determine -
appropriate arrangements for opportunistic river management releases
in addition to die "guaranteed freshet releases”’vhen the Llys-y-Fran
reservoir storage is within the -"Potential Excess Zone"™ (see Figure
2).

Ic may rroxr rlire :o necessary to make Ilvleases irt.
Llys-y*Fran Lor. resM wii* safety or maintenance.
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Flood Aileviacion:

There are no explicit arrangements for che provision of storage for
flood alleviation.

Operating Manual

The detailed local arrangements for operation of the Eastern Cleddau
Regulation Scheme will be specified in an Operating Manual.

The contents of the Operating Manual must be 1in accordance with the
principles set out in this Agreement. The Operating Manual can be
updated and revised as necessary without modification to the
Operating Agreement, provided that such updates and revisions are
agreed by both parties to this Agreement.

A small Consultative Group (the Eastern Cleddau Consultative Group)
shall exist to assist in the updating and revision of the Operating
Manual. Its function will be to agree procedures for the release of
regulation water and freshets for river management, procedures for
emergencies and Drought Order applications, to agree any updating and
revisions to the Operating Agreement, and to undertake such formal or
informal discussions relevant to the Eastern Cleddau Regulation

Scheme as may be necessary. The Consultative Group, which will
consist of:-

2 representatives of Dwr Cymru cyf and
2 representatives of NRA

The names of the representatives are specified in che Operating
Manual together with such other information as may be appropriate.

The Consultative Group may, 1in undertaking their duties, liaise with
specific local riparian interests, Land and Leisure Led. and
Statutory Conservation Bodies, as and when the Consulcacive Group
members agree such liaison is appropriace.

The first issue of this operating manual 1is co be prepared by che
Consultative Group representatives prior to 1 March 1990, after which
Dwr Cymru cyf will be responsible for its production anc
distribution.

Exchange of Information

Provision is to be made in che Operating Manual for daca exchange
between the Authority and Dvr Cyrr.ru =1 i- rt-.IMCio:: co reservoir
levels and storages, river lev..e flo-:: absiracrions ,v.
site where such daca is tr.caaur-"- s r a, L. :C :0 Lhe
operacion of che "EiSLc-rr. .ii i
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Droueht Management

The main pirincipLes of maiKi*iiicni: of LLys-y-rran storage are shown it
Figure 2 attached, based on plotting of Llys-y-Fran storage after
deducting the "residual guaranteed freshet release””. Kig-re 2 may R
modified by agreemenc of the Eastern Cleddau Consultative Group.

Cost Apportionment

The Apportionment Ratio agreed is that the Authority shall contribute
of the costs as detailed in Schedule U.

Other Relevant Matters

Dwr Cymru cyf shall consult the Authority before varying the
management of any land if that variation involves any matter which 1is
the subject of this Agreement.

Any information which the Authority may acquire relating co epollution
incidents which could adversely affect the operation of che Canaston
intake or the quality of water abstracted is to be notified co Dwr
Cymru cyf without delay.

loo&



Environmental Impacts of the Llvs-y-Fran river Regulation Scheme

.0 Impacts on water Quality

| Nutrients Phosphate and nitrate inputs zo che reservoir are high
due to agricultural sources. Fish rearing in reservoir
further increase nutrient inputs (WUA 1988).
Consequently reservoir 1is meso/eutrophic, wich regular
blue/greem algal blooms developing. Reservoir
development therefore, is likely to have increased
nutrient loading Co and productivity of the Syfynwy
downs tream.

1.2 Organics Organic loading to Syfynwy is increased due to
development of algal populations in reservoir and as a
result of detritus from fish rearing practices. This may
have implications for the dilution of effluents entering
the Syfynwy and the long-term quality objectives for
this river (UVA 1988).

1.3 Sedimentation Deposition of algae and fish farm detritus immediately
downstream of reservoir may decrease sediment oxygen

concentrations.

2.0 Impacts on Aquatic Ecology

2.1 Benthic Macroinvertebrate fauna - For at the very least 200-300®
downstream of Llys*y-Fran dam on che Afon Syfynwy the benthic
macroinvertebrate fauna shows evidence of an impact. Certain mayfly families
(heptagenidae and baetidae), stonefly families (Perlodidae, leuctridae) and
caddisfly families (sericostomatidae, goeridae) are either absent or present
at unaturally low abundance. The effect may be due to siltation, growth of
mats of Oscillatoria or due the unatural flow and thermal regimes (see 1.0)

2.2 Gudgeon are thought to have been introduced to che Syfynwy by anglers who
use them as bait when fishing in Llys-y-Fran reservoir.

3.0 Impacts on Conservation/terrestrial Ecology

No major impacts have been identified. The reservoir, which holds a small
wintering population of wildfowl, is seen as a valuable wetland habitat in ar.
area which 1is deficient in such habitats.

*.0 Impacts on Fisheries

Loss of spawning area. There has been a loss of boch spawning arc ;uw.*lv
salmonid habitac. This was however micigated for and a stnolc scock inr.
introduced.

?. Alceracion of flow regime. The alceracion of che flow regime may : 1iupj-r<
returning adulcs by dampening flood events, and therefore noc indue
\igh up che river zo spawn such chat the habitat is not fully ucilisfv*

3. A reduction in the amount of coarse organic debris from above che



impoundment contributing co habitat and food chains may reduce juvenile
survival. Fine organic material has probably increased (see water quality
section) increasing inputs to the food chain.

%, Increased sedimentation due to the organic enrichment of the impounded
waters and the reduction in size and frequency of spaces purging spawning
gravels may impact on salmonid egg survival downstreanm.

5. Advantages.

Increased wetted width for juvenile habitat downstream during dry summers.
Capability to release water to purge system in case of a pollution incident.
Creation of a high quality put and take trout fishery. Managed by subsidiary
of Welsh Water.

References

Welsh Water Authority, 1988. Llysyfran Reservoir: Fish Farming and its likely
impacts on the reservoir and the downstream .Afon Syfynwy. Draft Internal
report.



NATIONAL WATER RESOURCES STRATEGY
ENVIRONMENTAL ASSESSMENT

National Rivers Authority, Southern Region.
Scheme - Aire Groundwater.
1. Schematic Map.
Not available. Sketch map to follow.
2. Objectives of Scheme

The Aire Groundwater Scheme 1is located on the tributary of
the same name 1in the Upper ltchen catchment to the East of
Alresford. The principal objective 1is the regulation of
river flow by groundwater abstraction, as in the Candover
Stream, to provide additional water to augment the Iltchen,
via the Aire during times of low flow.

As with the Candover Stream, secondary benefits relating
to the stream ecology are met as a result of the
augmentation.

3. Date of Implementation

The Aire Scheme was constructed during 1982/3, but was not
tested until suitably dry conditions occurred in 1989.
Since that time, there have been several periods of river
augmentation from the R. Aire. However, the Scheme 1is not
yet officially licensed for its operation.

4.. Physical components of the Scheme

Four borehole sites are located around the village of
Ropley, 5 kilometres to the East of Alresford. They are
connected by pipeline to two discharge points at Bishops
Sutton, 4 km. downstream on the R. Aire. The groundwater
abstraction boreholes have a design yield of 56 MI/d.
with net yield approximately 45* of this figure. Flow in
the Aire 1is measured at the permanent gauging station at
Drove Lane, Alresford, whilst the ltchen flow 1is measured
at All brook.

5. Frequency of Operation

Operation of the Scheme is initiated when the prescribed
flow at All brook 1is breached. The frequency of use will be
similar to that in the Candover catchment, 1i.e. an
expected one year 1in seven.



6. Hydrology (Q95. DWF. ADF. MAF)

The hydrological 1impact will be similar to that of the
Candover, except that the combined operation of both
schemes will provide a total of 83 MI/d at maximum output.
The net yield will be considerably less. This will have a

correspondingly greater effect upon the MRF at Allbrook at
times of low flow.

7. Perceived/Measured Impacts.

A similar effect, under all headings, to that of the
Candover Stream augmentation. Watercress production in the
area requires similar protection, 1in the form of pumping
plant supplied to the cress growers to compensate for the
decrease 1in natural artesian flow.

8. Internal/Published Reports on Environmental Impacts

A Preliminary Report has been prepared by Southern Science
but the exact details and official title are not available
at the time of writing.



NATIONAL WATER RESOURCES STRATEGY
ENVIRONMENTAL ASSESSMENT

National Rivers Authority, Southern Region.
Scheme - ltchen Groundwater.
1. Schemati c Mao.
This 1s attached.
2. Objectives of Scheme

The ltchen Groundwater Scheme 1is located on the Candover
Stream, a tributary 1in the Upper Itchen catchment between
Basingstoke and Winchester. The principal objective 1is the
regulation of river flow by groundwater abstraction and in
particular the augmentation of the Itchen, via the
Candover Stream, during times of low flow.

A number of secondary objectives are met as a result of
increases in the minimum flow, notably a benefit to the
general ecology and appearance of the watercourse
downstream from the groundwater discharge locations.

3. Date of Implementation

Following a detailed Pilot Study between 1970 and 1975,
the Scheme was commissioned after the 1976 Drought, during
which a six-month period of continuous operation
demonstrated the effectiveness of river augmentation under
conditions of extremely low flow in the Itchen.

4. Physical Components of the Scheme

Six deep boreholes are drilled into the Chalk in three
pairs which are located at Axford, Bradley and Preston
Drove. The sites are approximately 3 to 4 kilometres
upstream from the perennial head of the Candover Stream
and have a total design yield of 27 MI/d. The boreholes
are connected by pipeline to two river discharge points at
Northington village. Flow in the Candover Stream and the
main river ltchen are measured by permanent gauging
stations at Borough Bridge and All brook respectively.

5. Freouencv of Operation

Operation of the Scheme 1s initiated when flow in the
River Iltchen at Allbrook decreases to below the Prescribed
Flow, enabli ng the natural minimum to be arti ficially
increased, and making more water available for abstraction
at Gaters Mi IV oh the outskirts of Southampton.



It follows that there 1is no regular regime of river
augmentation: the Scheme 1is operated when required. It 1is
calculated that augmentation 1is needed for an average of
one year 1in seven.

6. Hydrology (Q95. DWF. ADF. MAF)

The net gain to the ltchen has been calculated at 90*

duri ng a six-month period of continuous augmentation
during the summer of 1976. The Q95 of the Itchen at
Allbrook 1is 254 MI/d for the full period of record since
1958. The Prescribed Flow is set at varying levels through
the year, with a minimum of 239 MI/d 1in the summer months.
Therefore the impact of 27 MI/d by the operation of the
Scheme 1is not great. An additional Scheme, based upon the
R. Aire, has been developed to increase the groundwater
available for low flow augmentation of the ltchen. The
Aire Scheme 1s described as a separate Report.

7. Perceived/Measured Impacts (bullet points)

Geomorphology. There has been no measurable 1impact on
siltation or erosion 1in the Candover Stream and no
dredging has been required as a result of its operation.

Other Physical Impacts. No flooding or land drainage
problems have arisen.

Water Quality. No adverse effects have been observed.

Navigation/Recreation/Amenity. The Candover Stream is too
small for navigation. No adverse recreation/amenity
effects are noted. 1In general, there will be a small
benefit during low flow periods.

Aquatic Ecology. No adverse effects are noted.
Conservation/Terrestrial Ecology. As above.

Fisheries. As above.

Watercress Production. During the pilot studies there was
a perceived effect upon the artesian borehole flows at a
number of watercress farms 1in and around Alresford. The
cress growers were provided with pumping equipment to
restore the shortfal 1 of natural artesian flow in the
cressheds.

3. Internal/Pub lished Reports on Environmental Impacts

The Candover Pilot Scheme, Final Report (Southern Water
Authority), June 1979.
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NATIONAL WATER RESOURCES STRATEGY
ENVIRONMENTAL ASSESSMENT

National Rivers Authority, Southern Region.

Scheme - Ardinglv Reservoir / R. Ouse

1. Schematic Map.
This 1s attached.
2. Objectives of Scheme

The Ardingly Scheme provides for the natural storage,
treatment and movement of water using piped mains where
required. 1ts operation is governed by a legal agreement
between the NRA and South East Water pic (formerly Mid
Sussex Water Company). Ardingly Reservoir provides release
water into the River Ouse, via the Shell Brook at times of
low flow, whilst during high flows, the reservoir may be
filled from the Ouse when required to maximise storage.

3. Date of Implementation

1978 approximately.

4. Physical Components of the Scheme

4.1 Ardingly Reservoir. Situated 2 kilometres West of
Ardingly village, the reservoir has a maximum capacity of
5200 megalitres.

4.2 River Ouse intakes at Ardingly and Barcombe. At these
two locations water 1is drawn directly from the river 1in
readiness for supply.

4.3 Treatment Works. These are located on the Shell Brook,
Ardingly and at Barcombe on the Ouse about 25 km.
downstream from the reservoir. Water is treated for
quality and pumped into supply.
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NATIONAL WATER RESOURCES STRATEGY
ENVIRONMENTAL ASSESSMENT

National Rivers Authority, Southern Region.

Scheme - River Medway Scheme

1. Schematic Mao.

This 1is attached.

2. Objectives of Scheme

The Scheme was designed to augment water supplies- to North
West Kent with the resource supplying both Southern Water
pic and the Mid Kent Water Company. There are a number of
secondary benefits, namely:

2.1 Natural ecological benefits at times of Ilow flow 1in
the R. Bewl, Teise and Medway.
2.2 Bewl Reservoir. This is a main recreation location

with picnic areas, car parking and an Information Centre
for visitors. The reservoir caters for sailing, rowing and
sub-aqua diving, whilst there is a Nature Reserve and
trout fishery.

3. Date of Implementation

The Medway Scheme was commissioned by the former Medway
Water Board 1in 1968, and 1is now the responsibility of
Southern Water pic.

4. Physical Components of the Scheme

4.1. Bewl Reservoir. Situated near the village of
Lamberhurst on the Kent-Sussex border, Bewl 1is the

storage reservoir in Southern Region with a maximum
capacity of 31,300 megalitres.

largest

4.2. Associated pipework
directly from storage at
from Smallbridge Pumping

to supply water to Mid Kent
Bewl, and to refill the reservoir
Station on the R. Teise.

Station. Flow
pumped back

4.2. Smallbridge Pumping
Smallbridge and water 1is

IS gauged at
into Bewl Reservoir

under river flow conditions

4.3.
the River Medway. Operation
upon the flow at Teston and

Teston Gauging. Station.

specified in the 1licenee.

The controlling,s-tation -on--m
of the Medway Scheme 1is based
Smallbridge.



4.4 Springfield Intake (Southern Water Services pic.).

A major Public Water Supply abstraction from the Medway
immediately downstream from Maidstone.

5. Frequency of Operation

The refilling of Bewl Reservoir from the River Teise and
the release of water to support riverflow in the catchment
are both governed by the Springfiel d/Medway Scheme
licence. Operation of the Scheme 1s permitted under
Drought Order legislation, once the flow at Teston
decreases below a particular threshold. This allows
reservoir releases to be made, and/or when flow conditions
permit the reverse process i.e. the refilling of Bewl
Reservoir- from the Teise. It follows that these operations
impart a seasonal pattern upon the Scheme, e.g. with
reservoir releases most likely during dry summer periods
and refilling during the winter.

6. Hydrology (Q95. DWF. ADF. MAF)

Management of the resource creates an artificial 1impact
upon the catchment, especially 1in the R. Bewl and R. Teise
which are quite small watercourses.

The Q95 at Teston is 125 MI/d and at times of low flow,
the Medway will Dbe increased by releases from Bewl. The
maximum possible augmentation 1is 65 MI/d.

7. Perceived/Measured Impacts

Little or no impact upon the main River Medway due to the
relatively small percentage increase in flow during
augmentation. There 1is a greater effect upon the Bewl and
the Teise. The 1impacts created by the reservoir are
considerable, and these are described in Section 2.2

Geomorphology. No measurable impact.

Other physical 1impacts. No flooding or land drainage
problems have arisen.

Water Quality. Probably an 1improvement 1in water quality
in the Bewl and Teise at low flows during reservoir
releases.

Navigation/Recreation/Amenity. A small amenity benefit on
the Bewl and Teise.

Conservation/Terrestrial Ecology. Little or none.

Fisheries. Little or none.



8. Internal/Published Reports on Environmental Impacts
River Medway Catchment Management Plan. Phase 1.

(National Rivers Authority), 1991
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NATIONAL WATER RESOURCES STEA3BGY - ENVIRCWIEHTAL ASSESSMENT

STHFMR SUMMARY SHEET - WIMBLEBALVEXE SCHEIE

Objectives of the scheme

Wimbleball 1is used all year for public water supply as a direct supply out of
catchment to Maundown WIW (Wessex Water) which 1is also supplied from
Clatworthy reservoir. In addition nearly every summer augmentation releases

are made down the river Exe to support public water supply abstractions for
Allers and Pynes WTWs (South west water).

WTW - Water Treatment Works
Date of Implementation
The first full year of impoundment of Wimbleball was 1978.
Physical components of the Scheme

A pipeline from Wimbleball transfers raw water to Maundown WTW. Controlled
releases from the reservoir to the river Haddeo are for:

0 Compensation water - 9.1 Mid

0 Augmentation releases to the Exe - up to around 40 Mid*
0 fisheries releases - at least 900 MI* over 3 years

0 Scour valve testing

* Pumped Storage Scheme will allow a significant increase in the supported
abstractions so augmentation releases will increase significantly. Die
fisheries water bank will be increased to 900 MI each year.

In addition uncontrolled seepage, through the left bank abutment and toe drain
flows can exceed compensation water quantities when the reservoir is full.

In March this year a pumped storage scheme was approved in principle. The
abstraction point will be at Exebridge just above the Barle/Exe confluence
and subject to a prescribed flow. Water may only be pumped during November
to March.

South West Water also hold abstraction Licences of Right for around 27 Mid
from the river Exe at any time.

The augmentation releases for South West Water are made when the river flow
at Thorverton gauging station is less than 273 Mid. In addition a 10%
additional release 1s made for “losses". This practice has not been
substantiated to the NRA"s satisfaction. Over releases during augmentation
and for compensation water requirements are also prevalent and are under
Investigation at the moment.



Frequency of operation
Few summers are so wet that no augmentation releases are required. Typical
periods of augmentation are June to August though exceptionally it could
extend to mid-November.

The direct supply element may peak during six months of the year to 45 Mid
but the maximum average yearly take is 32 Mid.

The pattern of direct supply abstraction significantly influences the
available storage for river augmentation. At present no discemable strategy
for conjunctive use between the two water companies and the river 1Is
apparent.
Hydrology: with/without
Considerable hydrological work has recently been carried out as part of the
determination of the pumped storage scheme. Flows on the Exe have been
naturalised and a generated runoff sequence back to 1856 for Thorverton is
available.
Impacts: perceived/neasured

perceived
- Lower Summer flows in the Exe
- Lower Spring and Autumn flows
- Reduced migratory fish population blamed on changed flows
- Passage of fish hindered at weirs blamed on changed flows

measured
- Enhanced summer flows to lowest abstraction point (Pynes)

- Some reduction of flows above the prescribed flow from unsupported
abstraction for public water supply

- Over releases of augmentation water/compensation water offset reduction in
flow below Pynes

- Short deprived stretch immediately below Pynes before river Culm tributary

Water Quality

Current water quality only available as there was no formal requirement for
pre/post scheme appraisals for this reservoir. No specific post impact
studies have been undertaken.

Predictions suggested that it could become eutrophic within about 10 years,



increased nutrient loading from more intensive upland farming is evident.

Nutrient levels are increasing in reservoir but no problem as yet. Soon to be
implemented pumped storage scheme may advance this.

Fisheries

The Reservoir situated at the head of the Haddeo system (River Exe) directly
reduced the available spawning and nursery territory upstream of the dam
site. This is mitigated for by stocking salmon smolts each year.

Salmon no longer run as far as the Ham site on the Haddeo and salmon
production in this part of the system has declined noticeably. This is
probably due to the fact that in the late Autumn when fish are reaching the
headwater spawning grounds, Wimbleball Reservoir will not be overspilling
and only compensation flows are available in the Haddeo system.

During low flows releases from the Reservoir augment river flows and are
considered beneficial to fisheries interests.

Recreation

Recreational activity in the River Exe itself is not affected to any extent
by the Reservoir. Within the Reservoir, recreational facilities have been
developed for informal pursuits and water sports. The Reservoir 1S an
important trout fishery and is used extensively for sailing, canoeing and
rowing purposes.

Conservation

Variations in flow in the Haddeo have been shown to have some detrimental
effect on dippers and vegetation.

In association with the Wimbleball scheme the recently licensed pumped
storage scheme operating from Exebridge during the Winter months may have
some effect on fisheries/recreation/conservation interests but these should
be minimised by the operating rules.
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The South West is shown split into three zones named after the three existing
strategic reservoirs - Colliford, Roadford and Wimbleball. Other major
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INTRODUCTION

The National Rivers Authority (NRA)
has a dun* to conserve, redistribute
and augment water resources and to
secure their proper use. In carrying
out this role the NRA must also meet
its general duties for environmental
conservation and have particular
regard to the statutory obligations of
water supply companies.

Proper use of water resources involves
not only meeting the reasonable and
legitimate water uses of abstractors
and dischargers, but also protecting
river flows for aquatic life, conserving
and enhancing wildlife, landscape and
archaeological features associated
with waters under NRA control.

A national discussion document
published by the NRA in March 1992
looked at the future of water
resources in England and Wales as

a whole. It concluded that maior
inter-regional transfers would not he
needed to meet anticipated shortfalls
in water resources in the South West,
given that over the next 30 years

the region can be self-sufficient in
water resources.

The South West Region of the NRA is
now preparing its regional water
resources development strategy for
the next 30 years. The strategy will
provide a framework within which
the NRA will consider future applica-
tions for abstraction licences, and a
basis for abstractors, including South
West Water, to plan future water
resource schemes to meet forecast
increased water use. Consultation
with the public is important and
will help to finalise the plan.

The South West Region of the NRA
therefore commissioned an indepen-
dent con>ultant. Sir William Malcrow
and Partners of Swindon, to produce a
report a> an. initial stage of preparing

a Regional Water Resources Strategy.

The consultant's report was presented
to our Regional Rivers Advisory Com-

mittee in April 1992. The NRA is now

seeking public comment on the report s
conclusions and recommendations.

This consultation document:

* presents the NRAs interpretation
of the key conclusions and
recommendations from the
consultant's report

presents information on the
balance between estimates of the
present reliable availability of
water and increased water use in
the South West

identifies possible water
resources options for meeting
future water use

e invitescomment on identified
options and related issues.

The NRA expects to complete and
publish its first Water Resources
Development Strategy for the South
West during 1993-

The period of consultation will
run until the 31st of October 1992.

FACTS AND DEFINITIONS

Water resources is a general term
describing the reliable quantity of
water available for all users from
rivers, reservoirs and underground
water. It includes the water available
for abstraction and the water that
needs to be left in the aquatic
environment.

Abstraction is the removal of water
from these sources. Most abstractions

of water require an abstraction
licence from the NRA. These permit
abstraction up to a given maximum
daily and annual quantin'. .Many
licences have conditions attached
which restrict the quantity abstracted
or even require it to cease when it is
necessary to protect river flow, the
riverenvironment and other
abstractors' rights.

A strategic resertrjir is a source of
water which can be used to supply a
large part of South West Water's
overall water supply area. Astrategic
zone is pan of the region which can
be fed from an existing strategic
reservoir.

Pumped storage schemes involve
pumping water from a riverinto a
reservoir during the winter to help
boost the quantin- of water in storage
for the next summer.

When describing water supply
systems or river flows the volume of
water used iscommonly expressed in
metric units as megalitres per day.
abbreviated to MI/d. There are a
million litres in one megalitre.

(One million gallons per day is the
common imperial unit and is equal to
4.546 Ml/d.)

Most people use about 140 litres

(30 gallons) each day at home. One
megalitre therefore represents the
household use of about ‘000 people.

Table 1below shows, for comparison,
recorded flows in MI/d at the most
downstream point of measurement,
for some of the larger rivers in the
region. These rivers are shown on the
map on the inside cover.

Table I Average. Minimum and Maximum Flows for Larger Rivers in the

Region
River How (MI/d)

mutuum Averogt
Exe 37 1361 £-24973>;iEEVj
Axe 39 428 jM2736 3
Otter 38 267 £V/5S22/?7v
Dart 51 947 23151
Tamar O 1927 41668
Fowey 23 409 8422
Taw 18 - - --- 1554 28908
Torridge 10 1321 28839
Hayte 12 , 84 623



KEY CONCLUSIONS AND
RECOMMENDATIONS

Water Use

« Domestic water use is likely to
rise by about 1%a year over the
next 30 years in the South West.

*  Whilst it has not yet been possible
to forecast private abstractors'
water use with confidence, the
only apparent area of growth is
spray irrigation, particularly in
West Cornwall and in the East
Devon valleys of the Exe, Clyst
and Oner.

e Inthe medium term additional
links between and within the
three strategic zones - Colliford,
Roadford and Wimbleball - will
help make best use of the existing
water resources for public water
supply purposes.

Developments

* There is considerable scope for
further water resource develop-
ment within the region. Although
new development is Likely to be
cheaper than seeking to reduce
growth in water use. by for
example metering all consumers,
every opportunity should be
taken to ensure that water is used
wisely.

Pumped storage of Wimbleball.
Roadford and Colliford reservoirs
will be needed to meet antici-
pated shortfalls in water
resources. These schemes are
attractive because they make best
use of the existing reservoirs and
help delay the need for wholly
new developments.

e Some phased redevelopment of
the Oner Valley boreholes within
existing licensed water resources
appears possible before the
development of the first reservoir
pumped storage scheme.

The future needs of neighbouring
Wessex Water could be met
entirely from developments other
than Wimbleball pumped storage
but the relative benefits of this
option need to be further
investigated.

Timing

e There is already u temporary
shortage of water resources in
East Devon and the Wimbleball
Strategic zone as a whole i%also

likely to be the first to experience

an overall shortfall in water
resources.

» The next major water resources
development scheme should be
Wimbleball pumped storage. The
implications for South West Water
of developing Wimbleball in the
near future, as an alternative to
promoting an Axe pumped storage
scheme, require further investi-
gation.

» Although the requirement for a
major new reservoir scheme is at
least 20 years away, long term
planning of the *next generation™
of major new storage schemes to
meet anticipated needs in 20
years time should begin now.

FORECAST WATER USE
AND EXISTING WATER
RESOURCES

Public Water Supplies

Table 2 shows forecast use of water
by South West Water’s customers at
ten year intervals between 1991 and
2021 for each of the three strategic
zones; Colliford, Roadford and
Wimbleball. The forecasts represent
average daily use over a year and
assume leakage control planned by
South West Water is implemented
successfully. Short term and seasonal
peaks in water use also need to be
taken into account in any detailed
planning, especially in an area like the
South West with clear seasonal
influxes of tourists.

The average increase in the use for
water of about 1%a year results

mainly from expected population
growth and each person using more
water.

Estimates of existing water resources
available to South West Water to meet
these requirements are shown in
Table 3. Colliford. Roadford and
Wimbleball reservoirs and their
associated river abstractions supply
most of the available resources in
each zone. These reservoirs operate
by releasing water into river systems
for subsequent abstraction down-
stream. Water from Roadford for
example is abstracted from the River
Tamar at Gunnislake before treatment
and distribution to Plymouth and
South Devon. Water can 11so be
pumped directly from Roadford to
water treatment works for use in
North Devon. Similarly Wessex Water
pump water from Wimbleball to
Maundown Water Treatment Works
for use in Somerset.

On the basis of the average daily
forecasts of water use and the existing
estimates of water resources a
regional shortfall of water resources'is
predicted between 2011 and 2021.
However, shortfalls may occur earlier
if short term and seasonal peaks in
water use are also considered and a
5% planning margin is introduced to
help provide a buffer against the
uncertainties of the forecasting process.
Qearly from the comparison of average
forecast water use and existing water
resources the Wimbleball zone will
require further water resources before
2011 and within the zone some
development is required now.

Table 2 Forecast use of water to the year 2021 (M1/d)

Year Colliford

M
1991 149 252
2001 154 260
2011 184 298
2021 216 338

Roodford
M

AU F
sWonUobd| m
96 -1
100
114
130 684

Table 3 Existing water resources available to South West Water (M1/d)

Year Colliford Roadford  Wimbleball Totd
20ne Zone zone
----- L ; m— —
1991 20-4 332 110 646



Private Water Supplies

Private sector abstractions which take

water directly from rivers, lakes/

= reservoirs or groundwater rather than
from South West Water’s supply
systems are mainly for agricultural and
industrial uses. Table 4shows

= quantities authorised for abstraction

I in the South West for purposes where

a significant proportion of water is

not returned co local sources.

Spray irrigation is usually considered
separately from other private sector
uses. Although it only represents a
small proportion by volume of ail
water licensed for abstraction in the
region it is the only use identified as
showing a marked potential for
growth (sec Table 4). It mainly occurs
in the far eastern and western pans of
the region. The demand tends to be
greatest during droughts when water
resources arc at their lowest.

The preliminary forecast of up to a 4%
annual growth rate in spray irrigation
‘)e region is based on a review of
rical trends in total licensed
quantities and assumes full use of
authorised quantities. Asimilar review

of agricultural and industrial uses
indicated no significant growth.

An overall decline in agricultural and
industrial use in England and Wales
generally may partly be attributed to
the introduction of more efficient
processes and partly due to a shift in
the national economy away from
production towards service industries.

However, these trends are by no
means certain to continue - climatic
change could have significant effects:
clearly further work is required to
define existing and future demands
within the private sectors. Research
into these areas of water use is
progressing both regionally and
nationally.

Fish farming, amenity use and
hydropower generation have been
excluded from Table 4 as generally
most of the abstracted water is
returned to the river reasonably dose
to the point of abstraction and is
therefore available for re-use
downstream, subject to there being
no deterioration in quality. Such
abstractions can however lead to local
shortages of water resources in
bypassed river reaches.

Table 4 Water Use by private abstractors (Ml/d)

I Year Colliford zore
sl Ag IP
I 1991 2t 6 108
I 2001 35 6 108 .
2011 S’ 6 108
I 2021 "6 6 108

ENVIRONMENTAL
CONSIDERATIONS

Acceptable flows for aquatic life

Rivers in the South West support
resident and in most cases migratory
fish. Studies of migratory fish
movement indicate how sensitive
they are to changes in flow and water
quality. These changes also affect the
distribution of the resident fish
population along the river. Surveys of
the floraand fauna indicate the
‘health' of the watercourse. Any new
water resources developments need
to take account, at the detailed
planning stage, of the need to protect
and foster fisheries, recreation and
conservation and other potential
impacts on the environment.

Low flow problems

The NRAhas recognised the possible
adverse impact of low flows in rivers
caused by particular abstractions. An
initial desk study in the South West
highlighted a number of sites through-
out the region where some adverse
impact was perceived. These sites
include private abstractions as well as
abstractions for public water supplies.
Some of these abstractions were
taking place when the Water
Resources legislation was introduced
in 1963 when many existing abstractors
had to be granted licences allowing
them to continue to abstract up to
their previous maximum rates
regardless of the consequences for
the environment.'A similar situation
arose following the introduction of
the 1989 Water Act when various
abstractions which had previously
been exempt from licensing under the
1963 legislation, such as fish farms,
were also brought within the
licensing requirement. Investigative
work is now under way on the sites
with the greatest perceived problems.

Roadford zone Wimvebafl zont TofJ
sl Ag 1P Sl Ag IP

14 11 63 48 15 31 32°

21 1 63 71 15 31 361

30 n 63 105 15 31 421

45 i 63 155 15 31 510

SI - Spray Irrigation Ag - Agricurure IF - Industrial Processing



Solutions may involve revocation or
modification of some licences. This

is likely to lead to the reallocation of
available water resources. Preliminary
estimates suggest that up to 56 Ml/d
of the existing reliable water re-
sources available to South West Water
may be required to alleviate a number
of perceived low flow problems
associated with public water supply
abstractions. Ifthese water resources
were used to alleviate proven low
flow problems the implementation of
major developments for public supply
would have to be brought forward.

Water Quality

Generally the quality of river water
in the region is perfectly acceptable
for potable supply, subject to
appropriate treatment. Some rivers
though, notably those in West
Cornwall, are of poor quality due to
historic mining activities.

Groundwater quality in the region is
also generally good although the
quantity of water available from a
number of public and private ground-
water sources has been reduced as a
result of increasing nitrate levels. The
NRA has recently developed a draft
policy framework for groundwater
quality protection which is now
being implemented.

Climatic change

Ifclimatic change is going to adversely
affect the overall availability of water
resources and demands on the
resource, it is likely that this will take
place gradually. This will therefore
allow sufficient time for necessary
changes to be made to our strategy.

OPTIONS FOR MEETING
FURTHER INCREASED
WATER USE

The NRA has adun' to ensure proper
use of water resources and expects a
high degree of attention to be paid to
the wise use' of water. Attention to
these aspects could delay the need to
develop new resources.

Public Water Supplies

In the context of public water
supplies proper use includes review-
ing the present use of water after it is
abstracted and looking at potential
benefits from the more flexible use of
existing sources. Hiis includes zonal
transfers from areas of surplus to areas
of deficit. Effective leakage control is
considered essential.

Table 5 Recommended Water Resource Developments

Water Resource Development
I. Redevelopment of Otter boreholes
2. Wimbleball pumped storage

3. 20 Ml/d zonal transfer from
Wimbleball-supporxed
abstractions to Roadford

4. Colliford pumped storage

5. Roadford pumped storage

6. River Creedy abstraction

#. Axe pumped storage reservoir

8. Zonal transfers of up to 5 Mil/d from
Wimbleball to Roadford and from
Roadford to Colliford

The NRA encourages the “wise use of
water’. It supports managing the
demand for water and may. for
example, require such activities as
selective domestic metering in areas
where water resources are stressed, as
well as requiring formal resource
management strategies to be prepared
for drought situations.

The NRA will not grant licences for
new public water supply abstractions
without first being completely
satisfied that water companies are
paying proper attention to effective
demand management and doing ail
they can to reduce leakage to
economic levels.

In the South West river flows in the
summer are often so low that direct
abstraction is not tenable. The capture
of winter flow for storage represents
the only reasonable way to ensure
demands for water can be met at all
times. Thankfully, the recent
completion of South West Water's
three reservoir strategy has boosted
reservoir resources in this region.
The amount of water available can be
greatly enhanced by pumping surplus
winter river flows into existing
reservoirs. Pumped storage schemes
therefore represent the most attrac-
tive development option for meeting
future increased public water use
requirements.

The main water resource develop™
ments recommended by the consul-
tants are listed in Table 5along with
the quantity of water each would
yield and a best estimate of when it
would be required. These estimates
assume that the planned reductions
in the volume of leakage from South

Mi/d
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West Water’s mains system are
achieved.

Other development options such as
desalination of sea water or pumping
treated effluent into aquifers on a
targe scale are currently considered
uneconomic in this region.

Private Water Supplies

The principles of securing the proper
use of existing sources and
encouraging the wise use of water
applies equally to private abstractors.

It is anticipated that private abstractors
will seek licences from the NRA to
meet any increased water require-
ments. The NRA may not grant
licences for abstractions where a
significant proportion of the abstracted
water is not returned to the local
source, without the development of
storage to sustain abstraction during
low flows.

SUMMARY

The NRA consultants suggest that
additional storage will be needed to
ensure the future availability of water
and that this can be done without
causing damage to the region's water
environment. Pumped storage
schemes to top up existing reservoirs
in the winter appear the most
appropriate development option to
secure future public water supplies.
This would make best use of existing
reservoirs, provide further resources
and significantly delay the need for
new major reservoir schemes, while
having potentially the lowest
environmental impact.



Ifyou have any views on the consultant s recommenda-
tions, please use the questions on the loose leaf insert to
help form your reply and return any comments to:

The Water Resources Planner

National Rivers Authority - South West Region
Manley House

Kestrel Way

Exeter

Devon

EX2 7LQ

Afull copy of the technical background report Water
Resources Development Strategy' may be obtained by post
or in person from the main Exeter office.

Acover charge of£8 is payable plus£2.12 postage and
packing. Cheques should be made payable to National
Rivers Authorin' South West Region' and sent to the
address above.

Copies of the “Water Resources Development Strategy'
report and further copies of this document can be
requested via an answerphonc service. This service also
provides an opportunity to leave short comments.

The telephone number of the answerphonc service is ...
0392 442027

It will operate 24 hours a day including weekends until the

end of the consultation period.

Your call will be dealt with on the next working day.

THE CONSULTATION PERIOD ENDS ON THE 31st
OCTOBER 1992.
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NATIONAL WATER RESOURCES STRATEGY - BWIRGNMENXAL ASSESSMENT
stHeme SUMMARY SHEET - ROADFORD CONJUNCTIVE USE SCHEME
Objectives of the Scheme

The Roadford Reservoir Scheme was built to meet the forecast rising demands
in the Plymouth, South West Devon and North Devon areas until well into the
twenty first century.

Roadford follows Wimbleball and Colliford as SWWSL third strategic
reservoir.

Date of Implementation

Construction started in 1986 and the dam was completed in October 1989 when
filling of the reservoir started.

Physical Components of the Scheme

Roadford reservoir lies 1in the centre of a complex water resource
development. It is designed to operate in conjunction with abstractions from
the rivers Tamar, Tavy, Dart, Torridge and Taw as well as Burrator and
Meldon reservoirs. Essentially, during wet periods water is abstracted
directly from the rivers or smaller reservoir sources whilst during drier
periods these abstractions are reduced and water is abstracted from Roadford
instead. Water from Roadford is transferred by pipeline to North Devon and
via the River Tamar to Plymouth and South West Devon.

Frequency of Operation

The frequency of the operation of the scheme is controlled by the prescribed
flows in the Rivers Tamar, Tavy, Dart, Torridge and Taw and the amount of
water remaining in Roadford reservoir.

Currently demands are such that the scheme is not being used to its full
potential.

Hydrology: With/Without

The operating rules have still to be finalised. However, it is likely that
flows in the Tamar system between Roadford and Gunnislake will be increased
by releases from Roadford of up to 166 N1/d.

Conversely unsupported abstractions at Gunnislake, mainly in the late Autumn
and early Spring would reduce flow downstream of Gunnislake by about 50 to
100 mM1/d.

There would also be 1improvements to the flow regimes of the Tavy, Dart,
Plynweavy, Torridge and Taw at low flows.



Impacts: Perceived/Measured
water Quality

Current quality only available as there was no formal requirement for
pre/post scheme appraisals for this reservoir. No specific post impact
studies have been undertaken by NBA SW as yet. However there was a public

enquiry commitment requiring the developer to report on impacts 10 years
after filling.

The reservoir is too new to sign off as not having measurable impacts.
Re—suspended material did cause some turbidity problems in the river soon
after, affecting fishing mainly.

High manganese and sulphide levels were causing some difficulties downstream
(EQS failures) during scour value testing, but this i1s now being managed by
irrigating the first flush water in nearby woodland.

Fisheries & Recreation

The construction of Roadford Reservoir effectively drowned out several miles
of spawning and nursery territory used by salmon, sea trout and brown trout.
A mitigation programme to compensate for these losses is in place.

Since the construction of the reservoir salmon and sea trout do not penetrate
as far into the Wolf system as they did before, stopping some distance
downstream of the dam. This may be due to reduced flows, however, using
surplus water special releases are made to enhance flows to try and attract
adults into the Wolf system and to protect the juvenile stocks.

At high flows in the rest of the catchment the River Wolf may be running at
compensation flow deterring migration into this part of the system whereas
conversely under low flow conditions releases from the reservoir could
attract fish into the Lyd system away from the main stem Tamar.

High releases from the Reservoir cause scour and interfere with fishing on
the Wolf, Thrushel and Lyd system; particularly sea trout.

The Roadford scheme also impacts other river systems as follows:

River Plym
As part ¥H='the Roadford scheme, Burrator reservoir on the River Plym system
will be put to greater use because of economies obtained from gravity feed
from this reservoir. Consequently, spillage in late Autumn necessary for the
migration of salmon to their spawning grounds in the River Heavy is likely to
be reduced.

Additional drawdown on this reservoir will also have an effect on
recreational activities such as boating and fishing.

River Tavy

The scheme involves additional abstraction on the River Tavy at Lopwell, just
above the head of tide. It is considered that this could be detrimental to
the movements of salmon from the estuary into freshwater and the situation



IS being monitored.

River Taw

A new abstraction at Newbridge, just above the tidal limit in the river Taw
will reduce flows into the estuary. This may have a detrimental effect on
fish movements. These are currently being monitored.

Until 1995, the Exe/Taw transfer allows far the pumping of water from the
River Exe at Exebridge over into the Holland Yeo and then down the River Mole
and River Taw to the Newbridge intake. This transfer of water has been
welcomed by fisherman on the Mole system as it enhances flows in the Holland
Yeo and may encourage fish to penetrate further into the Mole system earlier
In the year.

Abstractions at Leehamford and Taw Marsh; both headwater abstractions on the
Taw system have had their licences reviewed as a result of the additional
water supplied by the Roadford scheme with benefits to fisheries interests.

River Torridge ) )
As a result of the Roadford scheme the compensation flow at Meldon reservoir
has now returned to the standard Q95 level.

There are many aspects of the Roadford Scheme where the environmental impact
i1Is not yet fully understood. Extensive survey work 1is being undertaken to
monitor fish movements in relation to flows, juvenile production and catch
statistics.

Roadford reservoir

Roadford reservoir has some effects on recreational fishing{1 activities
downstream, as mentioned above. The creation of the reservoir however, has
provided an opportunity to develop a new brown trout fishery and proposals
are in hand for other water sports.

The effects of the scheme on conservation issues is considered to be minimal
within river systems. Where there are augmented flows there may be some minor
effects from variations in water level, but on the whole enhanced flows will
be beneficial.

Within the reservoir site itself some value woodland and marshland habitat
has been drowned out, together with an interesting archaeological site which
was thoroughly explored before filling. The reservoir, which is now full,
attracts a wide range of water birds and over a million trees have been
planted along the margins to compensate for the loss of woodland species
within the site.

References ) ) )
SWWSL & NRA SW Roadford Operational and Environmental Study, Final Report
Volume 1 January 1992.
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NATIONAL WATER RESOURCES STRATEGY - ENVIPCNMENEAL ASSESSKET/T
SCBEUE SUMMARY SHEET - COLLIFORD LAKE AND SIBLYBACK RESERVOIR SCHEME

Objectives of the Scheme

Colliford Lake is used in conjunction with Siblyback Reservoir to provide a
major portion of the public water supplies in the Colliford strategic zone.
This zone provides water for a major part of Cornwall.

Date of Implementation _
Siblyback Reservoir was constructed in the late 1960"s. The abstractions at
Trekeivesteps, Restormel and Bastreet have been in operation since 1971.
Impoundment of Colliford commenced in July 1983, the scheme becoming
operational in July 1984.

Physical Components of the Scheme

The licenses that together make up this scheme are in places extremely
complicated, with in some case interpretation of the conditions changing over
time, in addition actual operation may have evolved away from these
conditions.

Colliford Lake supplies water by direct supply to the De Lank and St Cleer
water treatment works and by augmentation of the St Neots River and the River
Fowey for abstraction at Restormel. It is used in conjunction with Siblyback
reservoir which supplies water by augmentation of the Colliford River and the
River Fowey for abstraction at Trekelvesteps and Restormel. Siblyback is also
useﬂ(to pump water to the Withey Brook for augmentation of the Bastreet
intake.

The priority source for De Lank WIW is the natural flow in the De Lank River.
When the natural flow is less than 0.011 m3/s water is fed directly to De
Lank WIW from Colliford.

The priority source for Bastreet WIW is the natural flow iIn the Withey Brook.
When the natural flow is less than the prescribed flow water is pumped into
the Withey Brook from Siblyback Reservoir.

The priority sources for St Cleer WIW are, the natural flow in the Fowey at
Trekeivesteps and the direct supply from Colliford Lake. In addition water
Is released from Siblyback for abstraction at Trekeivesteps.

The priority source for Restormel WIW is the natural flow in the River Fowey.
Second priority is the release of water from Colliford for abstraction at
Restormel. Finally water can be released from Siblyback for abstraction at
Restormel.

Frequency of Operation
The frequency of operation of both Colliford and Siblyback is controlled by

the prescribed flows in the Rivers, Fowey and De Lank and the Withey Brook.
As such the amount of use. of different aspects will vary from year to year.



Hydrology: With/Without

Some hydrological data does exist on the St Neot River from 1972 to the
present day. From this it is thought that it would be possible to assess the
hydrological impact of Colliford Lake. This data however is not in a suitable
format to enable this analysis to be undertaken int the current timescale. It
IS anticipated that further work on this strategic source will be undertaken
later in the year.

Tmpacts: Perceived/Measured

- Low flows in the St Neots River are increased due to the augmentation
releases to Restormel.

- Autumn_and Winter flows in the St Neots River are reduced due to reservoir
replenishment.

- Low flows in the Siblyback River are increased due to the augmentation
releases to Trekeivesteps and Restormel.

- Autumn and Winter flows 1in the Siblyback River are reduced due to
reservoir replenishment.

- A high percentage compared to the other two strategic sources (24%) of
Annual Average Runoff can be used for FWS within the Fowey catchment.

water Quality

Current quality only available as there were no formal requirement for
pre/post scheme appraisals for this reservoir. No specific post impact
studies have been undertaken.

Colliford Lake, soon after filling developed some problems related to humic
material precipitating out (the floor of the lake had not had soil removed
adequately), causing some problems in the St Neot River by depositing onto
the stream bed.

In recent years blue/green algal blooms have been recorded (1991-93) causing
problems for recreational use and for fish rearing in the lake.

Fisheries

Colliford Lake drowned out several miles of sea trout and brown trout
spawning and nursery territory. The migratory elements are being compensated
by a mitigation rearing scheme at Colliford Hatchery.

Spate flows in the St Neot River have been moderated by the construction of
the Lake and this has influenced the migration of sea trout which no longer
run as far as the dam site on this system. Releases from the Lake are
governed by river flows at Restormel and in the Autumn when spate flows are
sufficient for fish migration the St Neot River runs at compensation levels.

Releases from the Lake during low flow periods are considered generally
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beneficial in terms of flow but can have a detrimental effect on fishing.
Peat coloured water released from the Lake reduces visibility which 1s a key
factor in locating fish in the Fowey system. A study by David Solomon
suggested that such colour was not disadvantageous to TfTishing provided
anglers adjusted fishing methods.

During low flow periods, higher flows released from Colliford Lake down the
St Neot River can sometimes provide a false lead for migratory fish at the St

Neot/Fowey junction. This is further exacerbated by the abstraction at
Doublebois Weir which bypasses the junction.

Spate flows below the Restormel intake are likely to have some effect on fish
migration as flows will be unnaturally lower than normal

Recreation

The construction of the Reservoir has undoubtedly provided additional
recreational facilities for fishing. The Reservoir is a popular brown trout
fishery.

Conservation

Considerable areas of natural moorland/marshland vegetation were drowned out
by the construction of the Lake together with some archaeological remains. To
a degree these have been compensated for by the numbers of wildfowl and
wading birds attracted to the Lake since its construction.

References

Colliford Lake in Cornwall; From Promotion to Utilisation.

SWSL and NRA SW, Colliford and Siblyback Reservoir Scheme, Document A3.
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Essex Scheme

In 1964 the Ministry of Housing and Locai
Government Study highlighted the fact that
expansion and development and the general
population increase anticipated in the South
Essex area could result in problems over
water supply in the 1970s. The former Great
Ouse and Essex River Authorities investi-
gated aschemeto transfer surpluswaterfrom
the Ely Ouse to head waters of the Essex
rivers to increase their flows and make avail-
able extra water to the existing reservoirs in
Essex, and the Ely Ouse-Essex Water Act
1968 was promoted jointly by the two
Authorities. One great merit of the scheme
was that it utilised existing reservoir capacity
thus avoiding the loss of agricultural land to
create new reservoirs.

The Ely Ouse River drains a catchment of
approximately 3640 km2 (1410 sg. miles)
upstream of Denver and is fed by four main
tributaries, the Cam, Lark, Little Ouse and
Wissey. All these rivers are retained at a
similar level downstream of Bottisham,
Isleham, Hockwold and Stoke Ferry respect-
ively, by the sluice at Denver at which point
surplus water discharges into the tidal
channel and reaches the Wash near King's
Lynn.

This leaflet also describes the flood pro-
tection scheme at Denver which includes the
Cut Off Channel on the eastern limit of the
Fens. Under the Ely Ouse—Essex scheme
surplus water from the eastern part of the
catchment which would otherwise be lost
to tidal waters and eventually to the Wash,
is transferred to the flood protection scheme
Cut Off Channel at Denver and by raising
the level in this channel by 0-6 m at the
impounding sluice the water is sent in a
reverse direction in the channel to Blackdyke,
Hockwold some 25 km to the south east At
this point water is drawn off into a tunnel
20 km long which terminates at Kennett.
Pumps lift the water from the tunnel and
through a 14*3 km long pipeline over the
watershed to the River Stour at Kirtling
Green. Part of this discharge is drawn off at
Wixoe about 13*7 km downstream and
pumped 10*3 km over further watersheds
to the River Pant, through a pressure relief
or balancing tank at the highest point

The total distances of transfer from Denver
to Abberton and Hanningfield reservoirs
through aqueducts and improved river
channels are approximately 141 km and
148 km respectively. For about two-thirds
of this length use is made of existing water-
courses.



7ho Denver Siuica Complax

VWAD

Wixo* Pumping Station

Wixoe Pumping Station

Reasonably constant river levels are
maintained by an automatic bottom hinged
control gate.

Water is drawn from the River Stour via a
settling pound and through self-cleaning
bandscreens by two fixed speed 91 tcmd
pumps and one variable speed 45 tcmd
pump, all of which discharge into a 6 3 km
long 1 68 m internal diameter pipeline to the
balancing tank at Lakehouse Grove.

Great Sampford Outfall

Water flows by gravity from the balancing
tank to the outfall on the River Pant through
a 4 km long 1*68 m dia pipeline.

Surplus pressure energy of the water is
dissipated through two 227 tcmd vertical
sleeve valves with 760 mm outlets sub-
merged in a stilling pool. The water then
flows down a stepped channel to the river.

Improvement to River Channels

16*8 km of the River Stour below Kittling
Green and 16 km of the fliver Pant (Black-
water) below Great Sampford have been
improved to accept the increased flows by
widening and deepening certain stretches
and enlarging waterways through some
bridges and mills. Ten new automatic
control gates were constructed on the River
Stour and one on the River Pant.

Not»: 4*66 tcmd « 1 million gallons per daVv (mgd).

NRA

National Rivers Authority

Anglian Region

Kingfisher House

Oiton Goldhay
t*rougfgKIjR



ECHNICAL DESCRIPTION

Two sluices on the Ely Ouse at Denver,

Kne downstream and one upstream of a
dividing sluice, transfer water into the Cut

A>ff Channel. The downstream sluice will

Hischarge a flow to maintain the required

Navel inthe Relief Channel, and the upstream
sluice diverts the surplus water into the Cut

tfff Channel.

m The Dividing Sluice is designed to enable
the water level in the channel to be raised
approximately 0*6 m, and thereby produce a

Seversal of flow, water is then abstracted at

mSlackdyke. In high floods the gates are
raised to permit the channel to be used for

dfs original flood protection purpose.

gUackdyke Intake
At the intake water is drawn from the Cut
J)ff Channel and passed through coarse
Screens and self-cleansing bandscreens and
short length of 1*68 m diameter pipe.

ATunnel
| The tunnel of approx. 2*5 m diameter was
Wriven in the gault clay by mechanised
digging shields and lined with precast con-
Kete segments.
ennet Pumping Station
The main pumps are two vertical spindle
114 thousand cubic metres per day (tcmd)
]Eixed speed borehole type pumps of 3500 hp
each, set in the shaft cap and with groups of
2 and 3 impellers at depths of 51 m and 9 m
from the surface respectively. Two sub-
fnersible pumps of 23 tcmd fixed speed are
provided for dewatering the tunnel and for
supplementary flows. The pumps operate in
ftn open well below ground level and are
Served by a 65-tonne Goliath crane..

Kennet—Kirding Green Pipeline
nd Outfall
The 1*83 mdiawelded steel main is 13 mm
thick, bitumen lined and sheathed and
cathodically protected. The pipeline is laid
Bin trench with a minimum cover of 1 m or
*1 *2 m depending on the nature of the
ground.
There are washouts at low points, and
pigging' chambers at each end for swabbing
.devices. Anti-vacuum valves and air valves
i:e provided for relief of negative pressures
surge conditions.

1 At Kirtling Green water discharges through
a stilling basin structure before flowing in an
.open channel to the river. ThaT Sdoge






Fenland

In a massive arc around the Wash lies the
great Fenland plain. Of the total area of
England and Wales, only 5% is classified as
first class agricultural land, and almost the
whole of the Fenland falls into this category.
Today, these are England's most prosperous
agricultural areas, but their plenty has been
hard won.

This is the Fen Country where land and
water, down the ages, have been in such
precarious balance that inches have meas-
ured the difference between fertility and
flooding; where generation after generation
has witnessed its livelihood engulfed by the
wild waters of disaster. Only in the last two
decades has the area finally been made
secure by modern engineering and the
application of millions of pounds of capital.

The post-glacial deposits in the shallow
fenland basin are of three main types, the
coastal silts of marine origin, the peats lying
inland off the silt belt and the fen clays
deposited during a period of marine trans-
gression.

To look back to the end of the 16th century
when upland river and gale propelled tide
alternated their push and pull across large
areas, some were dry enough for summer
pasture but submerged in winter, others
squelching ail the year round. Thus the
scanty local population developed a special
way of life. They were a people apart, among
whom other Englishmen rarely ventured.
Some were outlaws, most were laws unto
themselves. They called themselves the
"Breedlings".

The floors of their flimsy wattle and daub
huts, thatched with sedge, were often awash,
they slept on beds of reeds with Bullrush
down stuffed into their pillows. For warmth
they burned smokey squares of dried peat.
They shook with ague, a mosquito-borne
endemic malaria, in which fever and thirst
alternated with severe pains in arms and
legs. Their remedies were brandy and opium.

Militantly protective of their way of life,
the Breedlings reacted with effective vio-
lence when the first overall plans for draining
the entire fen area were announced in the
17th century. Battle they did, and for many
decades sluice gates and other mechanisms
installed according to the new designs
required armed guards for protection, but
even these were not always enough to save
them from the Breedlings wrath.

In 1630, Francis, 4th Earl of Bedford,
commenced the first major attempt to £rain
the Fens, and was joined by thirteen associ-

ates or "Adventurers”. The work was na*A
be adjudged complete until 1652. Bedfon
engaged as engineer the just-knightedl |
Cornelius Vermuyden, a Dutchman, farnRj
with Dutch methods of keeping out the sea
who had already demonstrated his skifl |
drainage works at Hatfield Chase in Y ® ;
shire.

Vermuyden was to design and super® ;
the work, which consisted principally offl r
making of two new straight cuts —the OU
and New Bedford rivers, from EaritM'u
Salters Lode on the tidal River Ouse, fl i
cutting off the loop of the river through EI
and shortening the distance to the seafv
ten miles. A flood storage reservoir of 51 Kk
acres was created between the two nev
rivers, and embankments built to contt:i
flood water and tides. I

In 1631 the first of the great cuts, knowr
as the Old Bedford River, was dug, sev®~"
feet wide and twenty-one miles long, ffl i
Earith to Salters Lode on the tidal river. /
sluice at its upper end regulated the amoan
of water diverted from the river's ordir|~
course, and a Tail sluice resisted inflow fron
the tidal water and the sea. N

However, in the 1640's man-made cgs
truction was an even more present danye
than the waters. The western rim of theje :
country became an active theatre of the (| |
War and in its confusion the Breedlings s«4
and took their opportunities. m

When Cromwell took control of gov/i
ment after the end of the war, he prompt
set William, the recently acceded 5th Earc
Bedford, and Vermuyden to work ag|r
During the 1650's a vastly extended netw /:
of cuts and drains and sluices was cot
pleted. Parallel to the Old Bedford RivJ]|
new river was cut, called the New Bedfc
River, or Hundredfoot, and in 1651 the
Denver Sluice was constructed across k«






| Thetford Mill

Ely—Ouse at the lower end of the Hundred -
foot River. This excluded the tidal water from
the South Level Rivers and turned it up the
Hundredfoot - it wasf in fact, the beginning
of all year round control.

In 1713 disaster struck again when a
combination of high tides and exceptional
floods burst Denver Sluice. Once again the
tides could flow unchecked into the South
Level rivers, land was inundated, much of it
became derelict and incursions of the tide
were frequent. In fact in 1715 a sturgeon
measuring 7 ft 8 in long was captured in
Pool. It was obvious that
Denver must be rebuilt and in 1750 it was
rebuilt by Labelye, a Swiss engineer.

Labelye’s work was to last well, in fact
the sluice which he had constructed was to
remain in use until the last construction by
Sir John Rennie in 1834. This was to give
three main sluice-gates, which exist today
in their original position, but at that time the
upstream gates were not as today, vertical
lift gates, but were in fact pointed wooden
doors. In 1848 the Middle Level Main Drain
was completed, much of it with a 50-foot
bed width, and an outfall sluice at St
Germains, into the tidal river.

During the 18th century work was con-
tinued. Mills were first used to drain the land
effectively, only once again to cause a new
problem when the Black Fen fields began to
shrink away from the channels that drained
them. Small mills delivered the water into
small drains, and then further along a larger
Mill would lift it into a canal, and finally the
largest Mill of all would be used to lift it
into the river.

The moisture content of waterlogged peat
may be as much as 800% and when it is
drained the immediate effect is a shrinkage
of the top layer from which the water has
been abstracted. This initial shrinkage may
be more than a foot in the first year. This is
followed by the oxidation of the dried
surface, which results in further wastage.
Loss from this cause, which continues so
long as the peat is dry, may be one or two
inches a year.

The Black Fens gradually became an
upside-down world with rivers higher than
the surrounding land, and thus began the
separation of the fenland drainage network
into two systems, a high level system carry-
ing the upland rivers through the fens and
low level systems carrying the drainage water
to the mills or pumps.

During the 1930's and 1940's, due to

Histories/ Diagram of Fenland Drainage
modern diesel and electric pumping mach-
inery, there was no technical difficulty in
providing good fen drainage/, and the
problem has accordingly resolveid itself into
the protection from flooding of the Fenland
from overtopping, or breaching, of the flood
banks. To counteract the continuous sinking,
the flood banks had to be continually raised
to give an adequate degree of freeboard,
nearly 1{ million pounds being spent on this
work between 1930 and 1954, without,
however, really solving the problem. Major
floods occurred in 1936, 1937 and 1939,
after which the former Great Ouse Catch-
ment Board called in Sir Murdoch Mac-
Donald and Partners to prepare a report. The
subsequent report proposed a Great Ouse
Flood Protection Scheme designed to in-
crease the freeboard of the flood banks in
the South Level over maximum flood level,
not by raising them, but by reducing the
flood level itself. This scheme was, however,
shelved because of the intervention of the
second Great World War.

In 1947 occurred the greatest flood of
which there is any record, when 40.000
acres of Fenland were flooded. The 1947
flood discharge was twice as great as that
of 1937 and as a result Sir Murdoch
MacDonald and Partner's proposals were
revised based on a flood about 5% greater
than that of 1947 coinciding with a period of
Spring tides. In 1949 the Great Ouse River

Flood Protection Bill was passed by Parlia-
ment.



The Flood Protection Scheme

I

Parts of the fenland are as much as 1 5 m
fAbelow mean sea level; high flood level is

?p-5 to 4 m above it.
T Our problem is not fen drainage, it is the
if protection of the fens from flooding by the
4failure or overtopping of the river embank-

|  ments.
; @ This suggests that the remedy is to make
| (he. flood banks high enough and strong
| enough to contain the floods. Alas, the
fAolution is not quite so straightforward;
1~nother kind of fenland soil comes into the
picture - the "buttery clay". "Buttery clay"
JS an apt description of the soft silty clay
hich overlies most of the fenland floor
eneath the upper coating of peat or silt.

r h  From surface level to the hard Kimmeridge
?Jclay, gault or chalk may be as much as 5 or
6 m; even more in a few places. The flood
embankments rest one is inclined to say
y float upon the peat and buttery clay

. layers. This affects them in three respects,

—liability to sinking, stability, and seepage
(underneath them.
The flood banks sink as the peat and the
-g soft clay consolidate slowly under their
weight. As they sink the safe margin above
gr- flood level (freeboard) diminishes and they
n»have to be heightened. The weight of the
mclay added to them in the heightening starts
off a new sinking process - and so on.

It is obvious that continually heightening
the banks will not provide the solution to the
problem, which has been the subject of
arguments, counter arguments and disputes
at intervals since the 17th century, although
the real nature of the problem was not
appreciated by the numerous writers on the
subject. The main problem was that the flood
waters were not "getting away", and it was
not realised that Sir Cornelius Vermuyden
had given the solution nearly 300 years
earlier.

The obstacle to the discharge of the South
Level waters through Denver Sluice is that
in times of flood the water level from the old
and new Bedford-Ouse outside the sluice
was higher than the waters coming from the
Ely-Ouse and its south level tributaries.
However, the low water level at King's Lynn
under high flood conditions is about 3-5 m
lower/ than at Denver. Therefore, by by-

Denver Sluice

passing the Denver Sluice and bringing the
point of discharge to King's Lynn, advantage
can be taken of this lower water level to
enable the flood waters from the South Level
rivers to get away. A relief channel was,
therefore, cut from Denver with sluice gates
at each end. To ease the flood level in the
Ely—Ouse itself a cut off channel from the
River Lark near Mildenhail crossing the River
Little Ouse and the River Wissey takes flood
waters from all three rivers and conveys them
to the Relief Channel for discharge at King's
Lynn.

When the incoming tide rises the tail gate
sluices at King's Lynn close and the outflow
of the flood water ceases. The water is then
contained in the Relief Channel and it rises
inside the gates until the tide once again
falls, the gates open and the discharge of
the flood water is resumed.

In addition to the new channels, the Ely—
Ouse River was widened to increase its
capability. The basic principles of this
scheme were in fact put forward by
Vermuyden in 1638, and he produced a
drawing of the scheme in 1642. It was,
however, over 300 years before the same
conclusions resulted in the scheme being
carried out. With the completion of the
scheme in 1964 the old problem of how to
move excess water from the Fens, into the
sea has largely been overcome.
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Transfer and augmentation scheme tend to work only during dry periods hence with
/ without hydrology concepts fairly meaningless.

Don't lose sight of opportunities arising from transfer works eg to flush pollution,
flush blanket weed durinz drv neriods. cnntmllprl mp.Mgp< fnr rawvmo

C. J. Thomas 17/6/93



NATIONAL RIVERS AUTHORITY: ANGLIAN REGION

PERCEIVED /MEASURED IMPACTS OF TRANSFER SCHEMES

> The attached list summarises obvious perceived 7/ alleged impacts: beware many have
not been critically substantiated.

See
impact of Ely Ouse - Essex Scheme).

Geomorphology

Upper reaches have been "improved" to cope with transfer rates; some local erosion
particularly around outside of bends and in parts of river bed (no erosion evident in
lower reaches?).

TWA Scheme transfers potentially silt laden water from tidal reaches of Trent to
Torksey canal (BWB) who receive payment for dredging (although little evidence that
it actually occurs?).

nay neiu flooded when high rate transfers suneti suuueniy ai a time of siguiiivani
wecu £iuwiii (<x iiettvx ictiuccu viuuittei tapauly).

Other Physical Impacts
Periods of sustained uniform un-natural high flows
Periods of rapidly variable flow (particularly during pump testing)
Both accompanied by corresponding levels.

Repair & maintenance of bridges gates etc cannot be carried out during the summer
as normal because of unusually high flows.

uperauon or gates ana siuices:
- can automatic gates cope; do they react correctly
- unpremctaDie now nmes (particularly on neavuy managea rivers;; are gates
always set correctly?
- riparian owners often rcact erratically and inappropriately to changing flows
/ levels
- NRA effort on adjusting gates under our control

Caught out at least once by pumping at high raes dunns uaforecited heavy rain
(minor local problems)

Beware i) river management practice often assumes transfer water /i always



be available < in practice pumps fail etc...
ii) u/hen trancfprrina from a rivw which itcplf K <unnnrfMl fhp.rft will

. i > ! i i !
M tin>v NG Jvu* FHmW tugnMo tM utw <% mv eV /i 3Le»,

saiine intrusion etc...

Water Quality

Major impact can be transfer of algal rich water to low algae river & consequent

Qn-lra_flLimN rovi»ir_f rh a Ry in /'homiftr, i_/nr M2rwrof>irt Fartinilafly/ if anwpntPll
. . LU, j

Many quality impacts as might be predicted.

Nutrient rich water into nutrient poor river.
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concerns at one stage about potato eelworm (?).

Conccrn about tranjivznr.g poliiiuCu! uutciwaUc ijViHiiiy rricnucrij.
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Ht unn it with it wh’m von $atT niimmnp

L [ .. | . R A 2RI S I | » o daAy
uULiidigc IAJiiawma. uu jrvu jt.ii Uibit< Tujuiutug, uuitjivtiwu *uiw* ... >
happens if you do and it isn't.

.y ]!L AWM *4.0*14 We %> Vb MV n m i T » f i, iliy»egm  <m*ji* el »>m hi

YN UsU
VIVAIWA<MWA4] O * RN TGS, Te Tteitollve g4,

Xaviontirtn / Pwrpatmn / Ampnitv

See physical impacts.



Macrophyte scour in upper reaches of supported rivers.
Anything which affects macrophytes (scour, turbidity etc) affects entire ecosystem.

Seeding of rivers by algae, fluctuating clear / turbid water conditions hence changes
to Iteht intensity and macroohvte erowth.

Conservation / Terrestrial Ecology

Switching off transfers alleged to impact on bird nesting success.

Fisheries

Other

High sustained flows affect angling.

WIOh r*r<*s o f niim ping can affiprt spawning (ftp nurrpin? at hlgh rates from March to
June coincided with cyprinid spawning season).

Clear / turbid conditions affect fish behaviour and angling.

FUh attracted into supported tributaries (particularly borehole support') left Stranded
when switched off.

Transfer of alien eggs / larvae / fry etc (eg zander?).
Comment

Transfer and augmentation scheme tend to work only during dry periods hence with
/ without hydrology concepts fairly meaningless.

Don't lose sight of opportunities arising fiuiii uausfci works eg to flush pollution,
flush blanket weed during dry periods, controlled releases for canoeing.

C. J. Thomas 17/6/93



generally above those of the non flood natural periods, [n "naturai”

months, it is therefore probable that reasonable angling conditions were
experienced for at least sone of the time, which nay not have been true at
all in the “transfer months”. Consequently, the pattern of anglers’

complaints is uuite compatible with the flow regimes experienced.

Given the scale at which transfers can occur, it is inevitable that river
control structures have to be adjusted to cater for narked changes in
rate Many of these structures are oId m|II works WhICh have to he
Works do not restrict transfer flows* and—ead to consequential upstream
flooding. The problem of manual adjustment, and the resources required to
accomplish it, are greatest if rate changes are frequent.

Flgures_ 60r—61 illustrate how flows |n the Stour and Blackwater responded
«. | — N . 1, l1e
trans fer flow. Control structures were opened to CO|nC|de with the
commencement of transfer, and the first recorded peaks in flow represent
the release of water which results. Flows then recede affain until the
transfer water arrives, ngure t®u clearly snows tnat tne second tiov
spikes, representing transfer water from a 24 hour punp test, arrive
progressively later at the downstream stations, as would be expected. The
figure also shows that the peak flow generated declines downstream: the
spikes become flatter but of longer duration in the lower reaches. T%o
pruuioma arise its a result* rirauijf, Gate 3 Liti'out&Kuuc <<c a.in
generally set to natch the puap test rate rather than the lesser flow they
actually experience; secondly, the gates are open at times when flows are

» c~rtir.ucucly beested by lujscntitier.. The i s f bsth iz the C;
impoundment levels upstream of control structures drain down to ouch lower
levels.

Figure 61 shows two flow spikes followed by a plateau. The first.spike is
gate openingi and the second the arrival of transfer water. However, the
pumps were stopped again {for maintenance by contractors) after only a few
nours run, oecore omng permanently restarted auuut the sane tine iaucf.
Permanent running gave the ultimate flow plateaus. Gates were not reset to
match these% changes with the reeult that two pertlods of narked drain down

Vi Cciua wi a Vi «wca q v/ - AW Wk ey a wwo « »

incident, and others like it,, gave rise to significant Ievels of complaint
about river regimes. Once again, the flow patterns observed are compatible

with the nature of the complaint. Problens of this type are still more
serious where old* structures show leakage, and are not necessarily capable
VAI *VA «AN A MMJ Al|'4Uv /\4-%’ 9*9\/ M# WAI-A lylgfé%?/%/)igo 1,'<<\¢/¢»!<<1i «11 .

The difficulties described so far are concerned mainly with angling, which

is inhibited or prevented by the cwcumstances descrlbed above. However,
AlAA AV A AN

o (€4 ®

on their invertebrate food resources. Apart fron high flows and
fluctuating levels, the3e revolved around ethe iapact on habitat of
increased channel erosion and loss of macrophytes, the seeding cf the
rivers by algae from the Ouse (causing turbid and very bro'-n coloured
«®hprl . #Vio infrontr'fiap »nf ftAr.VS nr SAGS trnilfldwate? int.0 t hH? 2WRBt/ 7
(causing very clear water), the .apparent fluctuations in w*:.er olaliry
which stem from these factors, and the ability of the fi=h to spawn,
successfully in the face of peak transfer flow?. (Unfortunately> >hr.wi.in



spawning season for coarse fish runs frow March to June, when transfers
are frequently at a very high rate.)
ill Af fNopa r nf N N {411k 1 wpcnfN fa KaVk  a r»nU «* %1,

«\d to the river environment as a whole* although there is no evidence to
date to show that any quantifiable harm has occurred. The routine 3 yp*r

fishery survey programme will in due coursc show if any major stock
% SARAN Yt « WAK* | Uulv s UIC Qli Ui M ~ A8iu1!
impacts.

Plates 1-4 tall taken it; March 1993) show very clearly that the headwaters
of the Fant/Blackvater have been physically affected by macrophyte loss,
scouring and erosion, but there is no measure of how important this may
be. Similarly, the seeding uf the headwaters by algae is believed to
impinge on wacer quality, ana certainly nas a visually very oovious
effect. The brown and turbid water caused by algae may shade out
macrophyte growths, and have far reaching consequences for the river

RrrnsyRt.pm. Tn riaf.p. nnnp  of thoQA mMALt.PT*% havA hivAn Y
investigated, ' although they are the subject of a current research
proposal.

A meeting was held with anglers's representatives at the North Essex
District Office in July 1392, which was very helpful to both sides in
achieving an understanding of the other’s position. The anglers recognised
prevailing, whilst the NRA learnt a lot about the serious impact of poor
and variable angling conditions and results on club administration,
membership and financial viability. Closer liaison during major transfer
periods was recognised to be potentially helpful by all parties, whiisc in
the Ilong term, it was felt that there was scope for improving the
operation of the scheme particularly by better control of flows and
levels.

8) Impact on other freshwater biota
8.1) Biological quality of watercourses

nuuiiue aas™aameiii, of Lii« «ioloijictil 4uaii\.y «i *>al«rv:uur3«!'3
and 1992 showed that a number of sites sometimes failed to reach their
target standards (measured by the Lincoln Quality Index - LOI) as a result

details of sampling dates, LQI values achieved, sampler*s comments and
whether or not the sample met its target standard*

In most cases» Essex catchments* sites (including the River Stour and
tributaries) failed to reach their LQlI targets because of low flows.

nnnle worp fnrinpH At whifth hpfflni* fli 1t.pd un and
discoloured by algae (Eg the River Pant 70m downstream of Great Sampford
Bridge, and Bumpstead Brook at Vatsoe bridge). Others became overgrown by
macrophytes, with a consequent loss of habit&t variety and hence, fauna (Eg
tne uenston tributary ot the Kiver Oleo at Assington Green Soaa Bridge,
ana Salary Brook at Blue Barns Fara). By the Autumn of 1990, fiv- sites
had dried out completely, with the (temporary) loss of *11 nornal stream
biota. These were the River Stour at. Sipsey Bridge, Icnpesficld Brook at
the A60OM 3ridge, the Hawkedon tributary of the River Glea at Hawkedon



or by upstream miftration is 1likelv to hsvp takpn nlr» ?2lnve rresriwi.
o major mortalities are known to have occurred on rivers as a consequence
cf the drought.

what is not clear from the Tables is the longer t«rm implications for
river fish stocks. In some cases, for exanpie the River Burn in Norfolk
(section 3.3), survey work has already shown that the populations have
b”en significantly affected. Both salmonid and cyprinid stocks appeared to

be lar?P 1V PVt i . IM"avintf Odl o <« fho eno<« Jao frer.

this position will be inhibited by the lack of breeding stock, and it is

probable that artificial restocking will be required to restore the
~fir-- have raiurnsi t; r.cr»l.

prognostications) may well apply to the Lothingland Hundred River in
Suffolk, which was affected by saline incursion as well as low flows
worsened by licenced abstractions. On the Upper River Colne the loss of
rish stocks under weed cover was concentrated between Mill structures
which probably impede fish movements and hence recolonization. Once again,
this could delay or prevent any natural recovery.

On a more positive note, very strong year classes of several species of
fish were found after the drought years of 1975 and 1976. Soae of these
fi Ar* affll in irlonro frirfai*  Tva 1A 11 VE*W % 2r"-"rt-
prevalent at the time were obviously very favourable to fry survival and
growth, a factor which represented a considerable boost to the fish stocks
of the late 1970*s. It appears highly likely that 1989 and 1930 would have
been similarly favourable, on account of their excellent summers. There is
already some evidence to support this contention, and there is little
doubt that more will eaerge in due course*

reivers in tne Anglian ttegion ot tne NRA are subject to a rolling programme
of fisheries surveys on a three year time scale. Consequently most rivers
hnvnftt v«t Kah drought surveys, n ncr dees i i o r , in tizs
strength of fish year classes emerge immediately. The survey methods used
do not sample very small (and young) fish, which are not reliably captured
until 1-3 vyears growth has been achieved* It is therefore probable that
many influences of the drought on river fish stocks, both good and bad,
remain to be detected.

7.2) Water transfer and augmentation schemes

Tuo Ittfsc  ouuxLiuual river iluw ~intsrciieu by the ciy-Ousc to_ Isscx
water transfer scheme was a principal source of public concern throughout
the drought. Comments, fnnuiri<*<t and rniinl Mints r#r>nrimarilv af

times of maxiBum transfer rates, and were made mainly by anglers. Although
some concerns were expressed about the Stour, the majority of complaints
were directed at the impact on the River Blackwater. Details of the
operation of the transfer are given in section 5.1.

Essentially, the anglers were concerned about three things. These were:

\ | e > fi ----~1-i-cd
to be so great as to effectively prevent angling from taking plc.ee;

2) The marked fluctuations in water levels which soaetia-es accompanied
*j:ittn”ca tn me ftttu ui vyi'txtiaLci'» unu "im.n usuniij accOcipttni ?J fftiiii
but short duration pump tests;

3) The direct impact on the fish populations themselves, including tr.e
general inoart on their (river) habitat.



Cututiaiuls  aiiu ico i i *cu fivm llie won dugliii; ~J'uliu onNic MmJHG-
about the brown discolouration and other visually evident phenomena
generated by algal seeding of the headwaters and transmitted downstream to
i ; . : _

"wllL iCav)l~‘Ca- in uh? iirt:/1n7| VEiA \/A/\Ar;l-yltaAi;i.K.b 13 :lr.’ I| \‘;CLIJ IC»y a t\/.*r2ip*ji"*trN
shutdown at Rennet pumpinf station, which led to the drying of Kirtting
3rooU. This caused soae consequent smell nuisance, and allegedly impacted

on the nesting success of ducks and kingfishers.

Concerns o\er flows were almost exclusively directed at the River
Bi.ackwater. but those in other categories were equally directed at the
S5i.uur>  Tue iasuv icalucu e iicau in uir cail>yn t vl 133C, "lieu ius
transfer scheme was operating at full capacity on a sustained basis.

Anglers alleged that the last 2 months of their 1992 season on the
WIArWwah”r utrr »PFprtivply "WFlshpri fivwar'.

Figures 52-58 show how the Ely-Ouse flows related to both the total flows
at principal gauging stations on the Stour and Blackwater, and to the
percentile exceedance values for those stations, during February 1992. On
the Stour upstream of Vixoe (Figure 52) the flow was almost exclusively
transfer water* running consistently at the 2Xile level and generating a
bu Lai. crv - mDIVL "aa ciclir > 1< >t L1133 %r««m S.em». f o o<
amelioration of flow regime is apparent by Westoill (Figure 33), where the
IOXile was rarely exceeded. This is due largely to the abstraction at
- . e — — J-. *—Z T~ 1~ n.*4 /ot t.. »Ua a
reaches at Camarsh, flows hovered around the 20X1le mark, a level which
was rarely exceeded approaching the Ilower reaches at Langham (Figures
54*55). The Essex Water Company abstractions at Langham and Stratford St
Mary’, which the scheme is designed to support, ensured that flows further
downstream were much more moderate.

At Copfold Hall IMgure at>h tne nost, upstream station on tne
Pant/Blackvater, the flow was almost exclusively transfer water, which
never dropped below the SSile. In the middle river at Stisted (Figure 57)
~1r - e n wJ Intl1~* I*¥e > e lp ua
substantially greater. Even at the most downstream station (figure 58),
flows were always above 203ile, and sometimes above 1QXile levels.

The data presented are not perfect in that they do not allow for any gains
to or losses fron the system* and show “"natural flow" simply as the
Kitfco*nna Katooon fi/iw AL Flrtiit.w it. \onetheless thev
clearly demonstrate that the impact on flows throughout the Blackwater is
much greater than that on the Stour« where only the upper reaches (down to
Vestmill) are so severely affected* This _evidently a;{counts for tlhe
greater ircmaciiv;/ Wi T hub = "~ ° AT
interesting to note that for the nonth in question, Ely-Ouse water was
more than doubling the discharge of both rivers.

Generation of very high flows is only part of the problem; the other
aspe.ct of it is their consistency compared to more natural regimes. Figure
50 diilv f'cvs c¢“ the Slickvtts? for £on?? *HtD i?"nfh™ with
similar total discharges. Two of these were natural flows only, Khilst the
others comprised of high volume transfers during February and March 1992.
T™a "n<hir«i* w\nthx *hnv verv hitfh Deaks on a few days only, -ith c4Y.h
lower flows at other times. The former represent periods of flood. Dy
contrast, “"transfer” r.onths show nmuh more wuniform levels, which Nr?



3.6 River Support Schemes

3.6.1 Waveney Groundwater Scheme
(Refer to map No *)

One river support scheme is licensed and operational in the Catchment: the Waveney
Groundwater Scheme.

The scheme consists of 5 boreholes sunk into the Chalk and Crag aquifers situated in North
Suffolk in the catchment of the River Dove; the Waveney’s main tributary. The scheme was
licensed in 1990 to support the River Waveney at times of low flow and to meet predicted
demands for public water supply and spray irrigation from the river downstream. The most
significant abstraction relying on the scheme is that by Suffolk Water Company at
Shipmeadow which supplies water for public consumption to the Lowestoft area. Abstraction
rates at Shipmeadow are controlled by minimum flow requirements in the river measured at
Ellingham Mill Gauging Station, these are set to satisfy a minimum flow requirement further
downstream of 23 thousand cubic metres per day at Burgh St Peter to control tidal salt water
invasion of the river system.

The scheme is designed for intermittent use essentially during the summer months when river
flows are lowest. It is licensed to discharge a total 43 and 5950 thousand cubic metres per
day and year respectively into the river system to support flows in the Waveney. Not all of
this quantity is available for subsequent re-abstraction due to associated natural losses,
however, the system is capable of reliably increasing river flows by 28 thousand cubic metres
per day, sufficient to satisfy predicted demands into the next century.

Groundwater resources currently exist in the Dove catchment to support further
enhancements of the scheme, however, this would be subject to sensitive development having
particular regard to existing water users and the environment.



NATIONAL RIVERS AUTHORITY: ANGLIAN REGION

PERCEIVED / MEASURED IMPACTS OF TRANSFER SCHEMES

The attached list summarises obvious perceived / alleged impacts: beware many have
not been critically substantiated.

See also attached note (extract from a drought impact report, this section deals with
impact of Ely Ouse - Essex Scheme).

Geomorphology

Upper reaches have been "improved" to cope with transfer rates; some local erosion
particularly around outside of bends and in parts of river bed (norerosion evident in
lower reaches?).

TWA Scheme transfers potentially silt laden water from tidal i£Jcil#s W Trent
Torksey canal (BWB) who receive payment for dredging (althougl
it actually occurs?).

Hay field flooded when high rate transfers started suddenly at j time
weed growth (& hence reduced channel capacity).

Other Physical Impacts
Periods of sustained uniform un-natural high flows
Periods of rapidly variable flow (particularly during pump tes
Both accompanied by corresponding levels.

Repair & maintenance of bridges gates etc cannot be carried out during the summer
as normal because of unusually high flows.

Operation of gates and sluices:
- can automatic gates cope; do they react correctly
- unpredictable flow times (particularly on heavily managed rivers); are gates
always set correctly?
- riparian owners often react erratically and inappropriately to changing flows
/ levels
- NRA effort on adjusting gates under our control

Caught out at least once by pumping at high rates during unforecasted heavy rain
(minor local problems)

Beware i) river management practice often assumes transfer water will always



be available - in practice pumps fail etc...
ii) when transferring from a river which itself is supported there will
be time you get your sums wrong: results in falling flows 7/ levels,
saline intrusion etc...

Water Quality

Major impact can be transfer of algal rich water to low algae river & consequent
changes.

Relatively rapid changes in chemistry and / or temperature particularly if augmented
at different times with both ground and surface water.

Many quality impacts as might be predicted.
Nutrient rich water into nutrient poor river.

One incident during 70’s of transferring trace contaminant which Killed irrigated
tomato crop.

Some MAFF concern about possibility of transferring sugar beet rhizomania
(particularly if donor river contains washing from beet factory): unresolved. Similar
concerns at one stage about potato eelworm (?).

Concern about transferring pollution: automatic quality monitors?

Water trapped in system when no transfers: oxygen sag, anaerobic conditions, what
do you do with it when you start pumping.

Discharge consents: do you set them assuming transferred water is available: what
happens if you do and it isn’'t.

Local problems from groundwater augmentation boreholes: one abandoned due to iron
content (ochre), another slightly high in sulphide which has sterilised discharge ditch
(fortunately a field drain which is usually dry).

Navigation / Recreation / Amenity
See physical impacts.
High velocities a potential navigation problem, little impact in reality?
Beware sudden flow fluctuations can wash away children.

Smell if transfer switched off during hot weather.

Aquatic Ecology



CRIPTION OF WORKS
-CONSERVATION SCHEME

sey Works
and pumping station.

metres of 1,370 mm diameter steel pipeline and an
>utfail works, including aeration facilities.
{icad spindle type pumping plant suspended into a wet
I’ <ith the motor room housing both the motors and
asstxiated control equipment above known flood

2igwkHis. There are three pumping units installed, each of
HpmalWHP and a capacity of 113,000 m3/d (24-8 M.G.D.)

itic quality monitoring and control equipment.

fi>rt Ferry Works and Pipeline
| ke structure, comprising dual concrete channels.
Screening is performed intwo stages:
(»> Rough screen of horizontal bars rotating as a con-
S tinuous band elevator.
.] Bandscreens having panels of 10 mm square mesh.
Each intake channel has the capacity to pass the full flow
itred at minimum river levels.
deal spindle mixed flow two-speed type pumping plant
ided into wet sumps from the motor room floor,
which is above known flood level. Two units are installed,
nach of 172-323 WHP and a maximum capacity of
m500 m3/d-88,500 m3/d (12-2 M.G.D.-18-5 M.G.D.).
Beline approximately 17£ km long comprises of a
1,290 mm outside diameter steel pipe, 10 mm thick
frctory-iined with 20 mm of granolithic concrete.
Bnts are short sleeve type internally welded with a full
length fillet weld and externally with a seal weld. The
annulus between the welds being air tested to a pressure

@O0psi.
.air valves have double 100 mm valves to guard against
ifunction during surge conditions.

A ft Newton Outfall Works and Reservoir
Capacity: 761,000 m3 (168 M.G.)
Area: Approximately 16£ hectares
cimum depth: 6 metres
Ip water level: 14*6 metres O.D.N. (approx. 4£ metres
above general ground level)
A 1,220 mm diameter inlet and a 1,220 mm diameter
bined outlet overflow pipe, with draw-off tower at
reservoir end housing the inlet and outlet control

valves. The inlet main is continued across the bed of the

reservoir towards the opposite comer to aid circulation of
ter within the reservoir.

ttfall into the River Ancholme isvia a reinforced concrete
icture which acts as an energy dissipated an aeration

weir and a flow gauge, the flow measurement monitors

B e output of the works and controls discharges from the

I"servoir and the de-chlorination equipment

DESCRIPTION OF WORKS— SUPPLY SCHEME

Cadney Intake.

The intake house has coarse screens and two fine drum
screens with backwashing, trash removal and chlorina-
tion equipment

A concrete pipeline, 1,800 mm diameter, and 2 km long,
conveys water to the reservoir.

Cadney Reservoir
Earth embankment, constructed of rolled Oxford clay

excavated from within the reservoir area.

Capacity: 900,000 m* = 7 days' storage
Water surface area: 14 ha.
Depth: 11 metres

*

Cadney Pumphouse
Two tow lift pumps, each of 1,060 I/s capacity, forCfilling
the raw water reservoir or recirculating the stored water.
Two high lift fixed pumps and two variable speed pumps
for delivering water to Elsham Treatment Works at an
elevation of 90 m.

The fixed speed units range from 130-300 I/s.

Standby diesel generators, surge vessel, compressors and
chlorination equipment.

Transfer of raw water to Elsham is through a 1,220 mm
diameter steel pipeline, 10 km long.

EJsham Treatment Works

Stage |: Four "Accentriflocs" and eight rapid filters for
partial softening, sedimentation and filtration.

Stage Il: The number of "Accentriflocs" and filters will
be doubled.

Chemical block, machine hall with relift pumps qgnd
generators, administration block, control room and
laboratory.

45,000 m3 treated water covered reservoir adjacent to
works.

Emergency overflow lagoon.

Killingholme Sludge Disposal Works

15 km PVC pipeline to a disposal works at Killingholme.
Four tidal retaining tanks.

Disposal of the sludge into the Humber estuary allowed
during the first 4£ hours of the ebb tide.

Operation and Control

The Supply Scheme has been designed to be automatically
controlled by a POP 8/E computer, with 32 K core store,
located in the control room at Elsham, with outstations at
Cadney Bridge, Cadney Carrs and Killingholme, linked b\
VHF radio. The two outstations at Cadney and the works
at Killingholme will be unmanned.



Conservation Scheme Costs

t. Torksey Pumping Station, Pipeline and

Outfall Works .. 280,000
2. Short Ferry Pumping Station and Pipef ~

line .. ;, 1.631.000
3. Toft Newton Reservoir and Outfall .’

W OFrKS oo, -VEK 566,000
4. Land. Compensation and Legal Costs™ 190.000
5. Engineering Charges and Overheads/ 181.000
6. Other Works. Supplies, Services and-’

Fittings . 152.000

V... £3,000,000

Supply Scheme Costs

1. Cadney Intake, Pipeline, Reser-

voir and Pumphouse 1,880,000

2. Elsham Treatment Works and
Reservoir 1.650.000
3. Raw and Treated Water Pipelines 2.850.000
4. Sludge Outfall Works 150.000
5. Plant 1.010.000
6. Land. Fees. etc. 560.000
£8,100,000

Water Conservation
m Scheme:

A ? Anglian Water
" LINCOLN DIVISION

Waterside Houm . Wstcrsida North. Lincoln LN2 5HA

Produced by the Information Unit far the Lincoln Division.

A nglianW aters



CRIPTION OF WORKS
-CONSERVATION SCHEME

ksey Works
\]ioe and pumping station.

metres of 1,370 mm diameter steel pipeline and an
tutfaid works, including aeration facilities.

'AicaJd spindle type pumping plant suspended into awet

B«p with the motor room housing both the motors and

*~associated control equipment above known flood

evels. There are three pumping units installed, each of

IP and a capacity of 113,000 m3/d (24*8 M.G.D.)

F tic quality monitoring and control equipment

SYKICEdFeers O HiiREnddlab&eNeseitirfgharnglson-
tinuous band elevator.

__ Bandscreens having panels of 10 mm square mesh.
Each intake channel has the capacity to pass the full flow
rfouired at minimum river levels.

Btical spindie mixed flow two-speed type pumping plant

| pended into wet sumps from the motor room floor,
which is above known flood level. Two units are installed,
«ach of 172-323 WHP and a maximum capacity of

m500 m3/d-88,500 m3/d (12-2 M.G.D.-18-5 M.G.D.).

Beline approximately 17J km long comprises of a
1,290 mm outside diameter steel pipe, 10 mm thick
tortor/-lined with 20 mm of granolithic concrete.

Knts are short sleeve type internally welded with a full
ftngth fillet weld and externally with a seal weld. The
annulus between the welds being air tested to a pressure

izﬁjynlj%ﬁyemeﬁi@a NGy P ERgduLe

0 psi.
airvalves have double 100 mm valves to guard against
nction during surge conditions.

mft Newton Outfall Works and Reservoir
Capacity: 761,000 m3 (168 M.G.)
Area: Approximately 16} hectares
iximum depth: 6 metres
p water level: 14-6 metres O.O.N. (approx. 4£ metres
above general ground level)
A 1,220 mm diameter inlet and a 1,220 mm diameter
bined outlet overflow pipe, with draw-off tower at
reservoir end housing the inlet and outlet control

waives. The inlet main is continued across the bed of the

reservoir towards the opposite comer to aid circulation of
tgr within the reservoir.
fall into the River Ancholme isvia a reinforced concrete
Iqure which acts as an energy dissipater, an aeration
sir and a flow gauge, the flow measurement monitors
}e output of the works and controls discharges from the
roir and the de-chlorination equipment.

DESCRIPTION OF WORKS— SUPPLY SCHEME

Cadney Intake .

The intake house has coarse screens and two fine drum
screens with backwashing, trash removal and chlorina-
tion equipment.

A concrete pipeline, 1,800 mm diameter, and 2 km long,
conveys water to the reservoir.

Cadney Reservoir
Earth embankment constructed of rolled Oxford clay
excavated from within the reservoir area.

Capacity: 900,000 m2 137 days' storage
Water surface area: 14 ha.
Depth: 11 metres

Cadney Pumphouse
Two low lift pumps, each of 1,060 I/s capacity* for-filling
the raw water reservoir or recirculating the stored water.

Two high lift fixed pumps and two variable speed pumps
for delivering water to Elsham Treatment Works at an
elevation of 90 m.

The fixed speed units range from 130-300 I/s.

Standby diesel generators, surge vessel, compressors and
chlorination equipment.

Transfer of raw water to Elsham is through a 1,220 mm
diameter steel pipeline, 10 km long.

Elsham Treatment Works

Stage |: Four "Accentriflocs" and eight rapid filters for
partial softening, sedimentation and filtration.

Stage Il: The number of “Accentriflocs™ and filters will
be doubled.

Chemical block, machine hall with relift pumps and
generators, administration block, control room and
laboratory.

45,000 m3 treated water covered reservoir adjacent to
works.

Emergency overflow lagoon.

Killingholme Sludge Disposal Works

15 km PVC pipeline to a disposal works at Killingholme.
Four tidal retaining tanks.

Disposal of the sludge into the Humber estuary allowed
during the first 4£ hours of the ebb tide.

Operation and Control

The Supply Scheme has been designed to be automatically
controlled by a PDP 8/E computer, with 32 K core store,
located in the control room at Elsham, with outstations at
Cadney Bridge. Cadney Carrs and Killingholme, linked by
VHF radio. The two outstations at Cadney and the works
at Killingholme will be unmanned.



Conservation Scheme Costs
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Torksey Pumping Station, Pipeline and

Outfall Works .. ., 280,000
Short Ferry Pumping Station and Pipe’;

line . n 1,631,000
Toft Newton Reservoir and OutfajJ/;.

Works li'l 566,000
Land, Compensation and Legal Costs 190.000

Engineering Charges and Overheads’ 7 181.000
Other Works, Supplies, Services and
Fittings s - 152.000

. £3.000,000

Supply Scheme Costs
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Cadney Intake, Pipeline, Reser-
voir and Pumphouse 1,880,000
Elsham Treatment Works and
Reservoir 1,650,000
Raw and Treated Water Pipelines 2.850,000
Sludge Outfall Works 150,000
Plant 1,010,000
Land, Fees. etc. 560.000
£8,100.000
Water Conservation
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Macrophyte scour in upper reaches of supported rivers.
Anything which affects macrophytes (scour, turbidity etc) affects entire ecosystem.

Seeding of rivers by algae, fluctuating clear / turbid water conditions hence changes
to light intensity and macrophyte growth.

Conservation / Terrestrial Ecology

Switching off transfers alleged to impact on bird nesting success.
Fisheries

High sustained flows affect angling.

High rates of pumping can affect spawning (eg pumping at high rates from March to
June coincided with cyprinid spawning season).

Clear / turbid conditions affect fish behaviour and angling.

Fish attracted into supported tributaries (particularly borehole support) left stranded
when switched off.

Transfer of alien eggs / larvae / fry etc (eg zander?).
Other Comment

Transfer and augmentation scheme tend to work only during dry periods hence with
/ without hydrology concepts fairly meaningless.

Don't lose sight of opportunities arising from transfer works eg to flush pollution,
flush blanket weed during dry periods, controlled releases for canoeing.

C. J. Thomas 17/6/93



LODES - GRANTA GROUNDWATER SCHEME

NRA

National Rivers Authority
Anglian Region



The Lodes-Granta Goundwater Scheme is designed to
improve the water environment to the north and east of
Cambridge and at the same time provide more water to
meet increasing public demand in a rapidly expanding part
of the country.

Towns and villages in this part of Cambridgeshire get their
water supplies from the chalk which outcrops in the
eastern part of the basin of the River Great Ouse. In spite
of the predominantly agricultural nature of the area it has
seen substantial residential and industrial development in
the last 20 years and this has put pressure on existing
sources of supply.

In>the past it was possible to develop new borehole
sources in the chalk as and when required but since the
early 1970s it has been necessary to have a management
plan for the area to ensure that increased abstraction does
hot have an adverse effect on the aquatic environment of
the river system.

This plan, known as the Great Ouse Groundwater
Scheme, involves managing the chalk aquifer (a natural
underground reservoir) in such a way that additional water
can be taken from the chalk not only for public supply and
local agricultural needs but also to preserve river flows at
levels sufficient to improve river water quaiitv and
maintain local amenities. The Lodes-Granta is an
extension of this scheme.

The area extends over more than 608 sq. km.
from the River Granta, south of Cambridge,
northwards towards Newmarket and the high
level water courses known as the
Cambridgeshire Lodes.

An area with a traditional East Anglian
landscape of small villages scattered across an
intensively farmed environment, it sits on a
bed of chalk which provides a natural source
of high quality water drawn mainly from
boreholes.

Extensive abstraction of water takes place
within the district and on occasion, for
example when there is low rainfall, the flows
in rivers, streams and some of the Lodes

can be affected. For a number of years there
has been some local concern about flows in
local rivers and watercourses and this has been
addressed in the development of the scheme.

The area is also environmentally sensitive. In
addition to the general quality of the landscape
and water environment there are a large
number of Sites of Special Scientific Interest
including Chippenham Fen (114 hectares),
Wicken Fen (247 hectares) and Fulbourn Fen
(26 hectares) all in Cambridgeshire. Many of these
important wetland sites rely on the careful management
of the local chalk aquifers for their continued conservation.

'IHESCHEME~g|5\®

Obijectives

The National Rivers Authority Unit is responsible for
managing, protecting and improving the water
environment and this scheme is a practical example of how
these objectives can be achieved:
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taken into account and that a balance is
aintained between the level of abstraction

ditHe conservation of amenities.

this extends from the
ection of sensitive areas such as Sites ot
I‘%iaJ Scientific Interest and the river
SNvironment to the maintenance of public
prater supplies.

these stem from enhanced
ws in local rivers and watercourses with a
| nsequent increase in river water quality.
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As part of a comprehensive review of the water needs of
the area the NRA undertook an intensive investigation
into the feasibility of a number of options ranging from
doing nothing to developing sources of supply outside the
area.

This task involved evaluating about 35 computer model
'simulations of what would happen with specific options
.and has drawn upon a wealth of data collected as a result
of:

e drilling and test pumping boreholes;

e measuring flows in rivers and streams;

e mapping the geology and hydrology of the area;

e identifying wetlands and groundwater discharges.

Sophisticated methods of analysis were developed as part
of the investigative programme so that detailed
information could be provided to the Cambridge Water
Company and Anglian Water (the main abstractors) and to
conservation and environmental interests. Computer
modelling work was carried out in conjunction with the
Department of Civil Engineering, Birmingham University.

The end result of this exhaustive appraisal and
consultation exercise was to develop apreferred option
which centres on the limited development of the aquifer
and extensive support for local rivers. This option will
serve to balance the development of resources with
conservation and environmental requirements whilst
protecting the interests of existing water users.

Costing about £2.4 million this option involves developing
six river support boreholes and the associated pipelines
and outfalls to cake che water to local streams and rivers.
This will maintain river and environmental needs and

allow increased abstraction by f|1
the Cambridge Water Com pan|
and Anglian Water from
specified sources.

Under the scheme no addition#
water is being taken for public
supply until the river support .1
facilities are provided. ™

The advantage the scheme are:

* river flows are improved m
resulting in a general
enhancement of the water
environment; river water n
quality is improved because cH
better flow¥ and intrdsed
dilution;

the environmental needs of important ecological sites I
(e.g. Chippenham Fen) are met and the balance of other
wetland sites of special scientific interest will be

maintained: |

* increased abstraction for public water supply is manage
in a coherent and responsible manner. t

The scheme was approved in 1989 and the Granta
section started in 1990 was completed two years later.
The Lodes element will be completed by 1994. H

| AVARE Y

Published by Public Relations Dept., National Rivers Authority, Anglian Region, Kingfisher House,
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COVENHAM BSSIESTIW

This pumped storage reservoir is located at Covenham to achieve minimum costs with the
least possible interference to agriculture and local interests. These criteria dictated a water
depth of about 60 feet and necessitated the reservoir being founded on boulder clay.
Discontinuous silt and sand layers occur within the foundations and these were sealed to
prevent seepage of water by means of a clay cut-off. Embankments were formed over this
cut-off with boulder clay excavated from within the site and placed under strictly
controlled conditions to ensure an impermeable structure having adequate strength to
withhold the impounded water. Sand blankets, placed over the foundations and at regular
vertical intervals up both faces, allow for release of internal water pressure within the
banks. Stone beaching and concrete slabbing have been laid on the internal bank faces
and a wave wall provided along the crest as protection against wave action. The external
faces are grassed to prevent surface erosion by heavy rainfatl.

The main structure within the reservoir is the draw-off tower, which contains pipework
and controls to enable water to be impounded and released simultaneously. Jets at
the end of the inlet pipework give the water an anti-clockwise motion and a remote
draw-off point has been provided in the centre of the reservoir. These devices are
designed to discourage stratification and keep the large mass of water in circulation. As
well as balancing variable river flows, storage of water in a large reservoir has the
beneficial effect of improving quality and making treatment easier.

Dinghy sailing, water skiing and other aquatic sports are permitted on the reservoir and
the Lincolnshire County Council have a schools sailing centre established in the village.

Capacity 2,400 million gallons
Water surface area 218 acres
Maximum water depth 46 feet v

Length of embankments 2.3 miles






TREATMENT WORKS

Row water abstracted from the intake canal passes through coarea screens to prevent floating debris
and large suspended matter being pumped into the reservoir. After storage, water Is screened to
remove fish and il required, aerated, after receiving an initial dose of chlorine to oxydtse organic
matter present. Lime and chlorinated copperas are then added as the water passes to four large
circular tanks known as "Precipitators”. It is here that both softening and removal of most of the
impurities takes place by a process of coagulation, floccuiation, and settlement.

Further chemicals can be added es water (eaves these tanks, to ensure that it is neither acidic or
excessively alkaline and to improve its taste. Next, water is fed into the rapid gravity fitters which
consist essentially of rectangular tanks containing graded sand and pebbles beneath a layer of
specially prepared anthracite. The filtered water finally passes to a contact tank where it is given a
further dose of chlorine to ensure complete disinfection. The treated water a then pumped to
consumers by four 400 H.P. variable duty pumps.

All chemicals used In the treatment process are delivered and stored in bulk. From these, chemical
solutions are prepored and the requisite quantities injected by metering pumps capable of adjustment
in proportion to the quantity and quality of water being treated.

Electrical power is received under normal conditions from the Yorkshire Electricity Board at 11kV. On
failure of this supply, 1250 H.P. diesel alternators automatically come into operation. This plant is
designed to operate with attendance only during normal working hours. The automatic control
system operates alarms when the processes or (lows deviate from predetermined values. The staff at
the works consist of a,works superintendent, a works foreman, 4 plant operators, 3 labourers, 1
reservoir warden and the works also house an Area chemist and 2 laboratory assistants who monitor
the Great Eau scheme raw WBter sources including Covenham reservoir and control the quality of
water leaving the works, and in addition carry out routine chemical and bacteriologicel examinations
of all raw and treated water sources in the Eastern Area of the Lincoln Water division. The planned

maintenance and emergency repair of the electrical, electronic, hydraulic and mechanical equipment
Is undertaken by the maintenance staff from Grimsby.
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THE FUTURE

In view of the successful completion of the pilot scheme, th
Authority has decided to apply for the necessary statutory Order ui

the Water Act 1948 (including where necessary compulsory purcl
the reasons why these are necessary are explained on the sep.
annexed). Powers are being sought to authorise groundwater ab
area of about 100 square miles in the catchments of the Rivers Little

in Norfolk and Suffolk, and in an area of about 70 square miles in t
areas of the Rivers Cam and Rhee in Cambridgeshire and Hertfordsh
of 170 square miles is the first stage of the development and extern
Norfolk down to North Hertfordshire. Although the proposals are part of
meeting future demands for water in South-East England, priority will
meeting demands from consumers within the Great Ouse basin.

This first stage will entail the construction of a network of 69 abstri
sites (i.e. 52 new sites and the 17 sites already constructed under the ext
scheme) to be used for water supplies and the maintenance and improx
river and stream flows. One hundred and fifty observation boreholes will b
to provide continuous information about groundwater levels, and about 8C
pipeline. A proportion of the water taken for public water supply will be ret.
the rivers in the form of treated sewage effluent. One of the 18 wells alreat
structed under the experimental scheme has been transferred to the Water
Division for local use and is therefore not included in the scheme.

The abstraction well sites are spaced throughout the areas covered by stag
of the scheme and there could be more than one well at any one site. The welt
be built gradually as may be most appropriate to meet future requirements.

Throughout the period 1972-74 the Authority and its predecessors consi
with landowners, farmers and others regarding the location of the well sites
which powers are sought. There has been very extensive consultation with Ic
authorities, conservation, angling and other interests, the National Farmers’ Uni
and the Country Landowners- Association.

Both the N.F.U. and C.L.A. have shown general support to the Scheme as beir.
preferable to the construction of surface reservoirs. The first stage will take, abot
four years to complete, but by the end of this century, if powers are granted tc
extend the Scheme over 960 square miles of potential development; a network ol
about 340 sites will by then have been established in order to provide avital supple-
mentary source of water to help keep pace with the Region's growing demand.

THE BACKGROUND

The River Great Ouse and its tributaries have long been
a source of water both for public supply and industrial
use. The river flows into the Wash and drains an area
of 3,314 square miles. Supplies of water from the
chalk which outcrops in the eastern part of the
Great Ouse basin, have from time immemorial met
the water needs of the villages and towns of an
area in which agriculture is still the main industry.
The water abstracted from the natural aquifer
(underground reservoirs) of the chalk amounts to
about half of all the water used in East Anglia. It
used to be possible for the water supply authori-

ties to develop new borehole sources in the
chalk as and when required, without in the

main interfering seriously either with existing
sources or with the summer flows and water
guality of the rivers, but the development of

the additional supplies of water now needed

for an increasing population and industrial
expansion in East Anglia must be carefully

and comprehensively planned so as to

avoid any adverse effect on the amenities

of the river system and on existing sources

of supply.



THE PILOT SCHEME

The former Great Ouse River Authority, having accepted the Water Resources
Board's recommendations, carried out a pilot investigation using the River Thet in
an area of 28 square miles around East Harling, near Thetford in Norfolk. A control
ares was established in the adjacent River Wissey catchment so that comparisons
could be made between groundwater levels and river flows in the pilot area and
those in the control area whore no abstraction was taking place.

The investigation comprised two stages, the first of which was the establishment
of a network of river flow gauges, rain gauges, groundwater level observation bore-
holes and other equipment needed for the accurate measurement of effects in both
the pilot and control areas. The second stage, which began in 1968, was the con-
struction of 18 abstraction wells, the installation of pumping plant, the construction
of discharge pipelines and stream outfalls, and the improvement of local water-
courses. In the spring of 1969 the first experimental pumping was carried out from
10 wells udiacent to the River Thet and its principal tributaries, and by 1970 the
programme had extended to the continuous use of all the 18 abstraction wells at
their maximum rate ol output. Pumping from these wells continued until October
1970 at an average oM 5£ million gallons a day, and the pumps were then gradually
closed down in a pre-determined sequence so that further observations could be
made. The final test was to simulate the use of the system under operational
conditions, and the number of wells in use at any one time was decided on a daily
basis dependent upon the weather forecast, soil moisture deficits and actual river
flow.

It has now been proved that it is possible to increase natural river flows by
pumping groundwater into the rivers and that the groundwater levels, although
depressed by the pumping of the stored groundwater will quickly recover.

At the same time as the engineering and hydrological investigations took place,
effects or* the environment were being studied. Except as stated below the pumping
had no adverse effects on stability of buildings, on soil moisture, on the growth of
crops and trees or on the environment as awhole including fish life and river quality
throughout the 3-4 year experimental period, even though drought conditions were
experienced in 1970 when all wells were pumped at maximum output for a period of
some 261 days. The only exception was that in the case of small marginal areas of
agricultural land in the close vicinity of the river, the lowering of the water table,
which was previously near to the surface, did have a marginal impact on the
growth of crops.

A typical Abstraction well access and headwork*









THE PLAN

During 1966 the then Great Ouse River Authority, now the Great
Ouse River Division of the Anglian Water Authority, agreed (in
accordance with recommendations contained in the Water
Resources Board's report on water supplies in South East
England), to carry out a pilot investigation into the controlled
development of the groundwater in the chalk so asto determine
what reliable increase of river flows in drought conditions
could be achieved when groundwater was abstracted from
boreholes and pumped into the rivers. By regulating the
flow of rivers it was expected that additional water could be
abstracted from the chalk not only for public supply and
local agricultural requirements, but also for guaranteeing
minimum river flows so as to maintain and improve stan-
dards of water quality and local amenity.

The new idea of using the chalk aquifer as a balancing
tank from which to draw water to supplement the river
in periods when rainfall is low but the demand for water
is high, has required careful and extensive investigation.
The use of natural underground resources has a clear
advantage over a reservoir scheme because it does not
involve the loss of agricultural land, and it can be
developed by stages to meet rising demands forwater.
Also the rivers themselves will as far as possible
be used to convey the water to the place where it is
required, and as pumping will mainly take place in
the summer, such rivers will be safeguarded from
the adverse effects of asummer drought.






SUMMARY SHEET

West Berkshire Groundwater Scheme

Objectives of the Scheme

The West Berkshire Groundwater Scheme was promoted in the early 1970's by the then
Thames Conservancy with the prime purpose of augmenting river flow in the Kennet and
Thames to support abstractions in London. The scheme was one part of a five phase
programme; the latter phases of which were never promoted because of hydrogeological
unsuitability. An operating agreement made under Schedule 2 to the Water Act 1989 states
that the Scheme shall be used only under drought conditions, in emergencies and for
environmental protection.

Physical Components of the Scheme

The scheme which is spread over nearly 4000 square kilometres consists of 32 boreholes and
pumping stations grouped into 7 wellfields joined by 89km of pipeline to 4 major and 23
minor outfalls on various rivers and streams in West Berkshire (see map). The boreholes
in wellfields 1 to 5 are drilled into the unconfined chalk aquifer of the Berkshire Downs
whilst those in the wellfields 6 and 7 abstract anaerobic water from the confined aquifer and
so provision has been made for aerating the water before discharge to the adjacent
watercourse. Although installed pump capacity is almost 200 MlI/d it is accepted that the
maximum reliable yield is only about 130 MI/d and that this reduces to about 85 MI/d after
prolonged pumping.

Hydrology

Flow statistics (in MI/d) for the four receiving rivers are:

River Site Mean Flow  Minimum Minimum Q95 Typical
Annual Daily Augment'll
Flow Flow

Pang 50 16 10 18 21

(Pangboume)

Lamboum 140 66 42 67 38

(Shaw)

Kennet 810 300 120 330 52

(Theale)

Thames 4860 2870 '’ 1320 1360 85

(Windsor)



Date of Implementation and Frequency of Operation

The scheme was constructed and commissioned in 1973-1976 and first used in full for 3
months at the end of the 1976 drought, this being the longest period of full operation for its
prime purpose. The scheme was also used during the drought of 1989 for 3 weeks, with
individual boreholes or wellfields being used on various other occasions to support local
public water supply during times of emergency. The most regular use for one of the sites
has been (and will continue to be) the seasonal augmentation of the Letcombe Brook which
was identified in 1989 as one of the national "Top 20" rivers suffering unacceptable low
flows due to excessive abstraction.

Perceived/Measured Impacts

Geomorphology (siltation; erosion; dredging) - whilst there has been no attempt to
measure any impact, none has been perceived. The major outfalls were designed with
a toothed baffle wall across the mouth of the discharge pipe followed by a shallow

stilling pool and overflow sill. It has not been necessary to construct stream bed or
bank protection works.

Other Physical Impacts (flooding; land drainage; water resources) - The risk of
flooding in the small rivers due to heavy summer thunderstorms occurring during
times of augmentation was considered and a remote control facility was incorporated
to allow emergency shutdown : this has to date not been used.In wellfields 1 to 5,
boreholes are positioned in dry valleys above intermittent flowing bourne stream and
springs and would normally operate in a drought when the springs and streams would
be naturally dry. It is policy not to operate these boreholes during normal weather
periods as they would derogate the local streams and springs.

Water Quality - Regular sampling and analysis has shown that the Chalk water
discharged to the rivers is both chemically and bacteriologically satisfactory, although
as stated previously water drawn from the confined aquifer is aerated prior to
discharge.

Navigation/Recreation/Amenity - There are no navigational or recreational impacts
resulting from the scheme. There may be a marginal amenity impact arising from the
enhanced low flows through some rural communities.

Aquatic Ecology/Conservation/Terrestrial Ecology/Fisheries - Although biological
monitoring, river corridor and fisheries surveys have been undertaken, no impact
from the scheme has been measured and quantified. There is however perceived
beneficial effect on fish populations and fauna of the receiving watercourses. Any
potentially deleterious impact of summer augmentation on the ecology of
winterboumes, has been avoided by siting the major outfalls below the perennial head
of the receiving watercourses.



WEST BERKSHIRE GROUNDWATER SCHEME



NATIONAL WATER RESOURCES STRATEGY

ENVIRONMENTAL ASSESSMENT

UPPER WYLYE RIVER REGULATION SCHEME SUMMARY SHEET

SCHEMATIC MAP
OBJECTIVE

IMPLEMENTA HON DATE

PHYSICAL COMPONENTS

FREQUENCY OF OPERATION

WITH/WITHOUTHYDROLOGY

ENCLOSED

TO COMPENSATE THE EFFECTON RIVERFLOW FROM
THE GROUNDWATER PUBLIC WATER SUPPLY SCHEME

BRDCTON DEVERILL LICENCE ISSUED 1974
KINGSTON DEVERILLUCENCE ISSUED 1975.

BRDCTON DEVERILL REGULAHON CONSISTS OF

4 BOREHOLES <€ PUMPS. ALSO USED FOR

PUBUC WATER SUPPLY. ONE DISCHARGE PIPE TO
WYLYE. BOREHOLES ADJACENT TO RIVER.

KINGSTON DEVERILL REGULATION CONSGTS OF
3 BOREHOLES A PUMPS. D1SCHRGEIS VA
A PIPE & SPILLWAY SOME HEIGHTABOVE RIVER

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

BRDCTON
DEVERILL
JUN-DEC
JUL-DEC
JAN-!)\IOV

OCT-NOV

?

7
AUG *
NONE*
NONEe=
AUG™*
NONE'
NONEe=
NONEe~
NONE
NONE

JUL-DEC

JUL-NOV
JUN-NOV

SUSPECTDATA

KINGSTON
OEVERILL
NA
ALL YEAR
NONE
NONE
OCT-DEC
NONE
NONE
AUG-DEC
JUL-NOV
SEP-DEC
JUN-NOV
JUL-DEC
AUG-NOV
JUL-NOV
JUN-OCT
JUL-OEC
JUN-DEC
JUN-DEC
ALL YEAR

THIS DATA ISNOTAVAILABLE. AN INVESTIGATION
OF STREAM SUPPORTEFFICIENCY IS INCLUDED IN
CURRENT CONSULTANT WORK ON WYLYE.

CONTINUED OVERLEAF,



PERCEIVED/ MEASURED IMPACTS

=GEOMORPHOLOGY:
=PHYSICAL:
"WATER QUALITY:

=NAVIGAHON/AMENITY:
=AQUATICECOLOGY:

"CONS/TERRESTIALECO:

=FISHERIES:

USTOFREPORTS

NO IMPACTS

NO IMPACTS REPORTED.

NONE- THE STREAM SUPPORT INTRODUCES LOCAL
CHALKWATER TO THE RIVER (NATURAL SPRINGFLOW
OF THE SAME CHALKWATER S COMMON)

NO NAVIGATION IMPACTAMENITY CONSOUDA TED:
ABSENTAQUATICS IN 1977 SUGGESTS STREAM
SUPPORTNOT ENTIRELY EFFECTIVE.

NO RECORDED IMPACTS.

FISHERIES SURVEY 1992 FOUND SIMILAR RESUL 75 TO
1971- SUCCESSFUL SUPPORTCITED.

SECTION 14SURVEY

UPPER HANTSAVON PHASE 1STUDY =

UPPER HANTSAVON PHASE 2 STUDY (CURRENT) *
=RESTRICTED C1RCUIATION.
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NATIONAL WATER RESOURCES STRATEGY

ENVIRON MENTAL ASSESSMENT
Mam

MALMES BURYfRIVER REGULATION SCHEME SUMMARY SHEET

SCHEMAVC MAP

OBJECTIVE

IMPLEMENTATION DATE

PHYSICAL COMPONENTS

FREQUENCY OF OPERA TION

WITH/WITHOUTHYDROLOGY

PERCEIVED/MEASURED IMPACTS

*GEOMORPHOLOGY:
=PHYSICAL:

<WATERQUALITY:

=NAVIGATION/AMENITY:

=AQUATIC ECOLOGY:

=CONSFTERRESTIAL ECO
+ISHERIES:
USTOF REPORTS

ENCLOSED

TO COMPENSATE THEEFFECT ON RIVER FLOW FROM
THE GROUNDWATER PUBLIC WATER SUPPLY SCHEME

MALMESBURY LICENCE (WITH STREAM SUPPORT)
ISSUED FEBRUARY 1981

8 BOREHOLES & PUMPSAS SHOWN ON MAP.
STREAMSIDE WITH PIPED DISCHARGES.
STANDARD 2.5 MUD PUMPS ENABLING SPEEDY
REPLACEMENTIN CASE OF FAILURE

FOR PERIOD 1981 TO 1938 SEE FIGURE 1
FORRECENT YEARS:

1989 1990

HULLAVINGTON JUL-OCT MAY-DEC
LUCKINGTON JUL-OCT JUN-DEC
STANBRIDGE JUL-OCT JUN-DEC
TETBURY JUN-OCT MAY-DEC
CHARLTON JUL-OCT JUL-DEC
COWBRIDGE AUG-OCT JUL-DEC
LOWERSTANTON JUN-OCT MAY-DEC
PARKROAD JUL-OCT NONE

MALMESBURYA VON ISSUBJECTOF LOW FLOW
STUDY. STREAM SUPPORTEFFICIENCY WSJ.BE
EXAMINED NO CURRENT DATA. -

NO IMPACTS

NO IMPACTS ON CHANNEL GEOMETRY

CAUSED BY STREAM SUPPORT

OCCASIONAL WATER QUAUTY PROBLEMS - RELEASE
OF AQUIFER WATER TO RIVER HASBEEN DISCUSSED.

UNSIGHTUNESS & LOWFLOWS NOTPERCEIVED
TO HAVE BEEN CAUSED BY STREAM SUPPORT.

THE SCHEME HAS MADE THE SITUATION
NO WORSE THAN IT WAS.

NO RECORDED IMPACTS.
GOOD FISH STOCKS REMAIN1

SECVONUSURVEY

WORKING PAPERS (WWA)

WORKING PAPERS ON OVERALL SUPPLY SCHEME
HELD BY NRA..

MALMESBURYAVON MODEL & STUDY (CURRENT)
IOH FLUVIAL GEOMORPHOLOGY UNITSTUDY (1980s)
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Biological Banding and Override for 1990

In 1983 IFE produced some suggestions for biological banding In a report for
the DOE. The rulles associated with this banding have been re-examined as part
of the enquiry into biological banding for the 1990 sunwey.

As part of the Dewvelopment of RIVPACS R and D project IFE have produced a
further 4 suggestions for biological banding. These have been produced as a
result of a re-evaluation of the original *3 sites on which RIVPACS was
based and results of 3 seasonsl samples and predictions on 4772 sites In the
1990 sunwey.

The biologists iIn each region were asked to evaluate the 5 options and
combinations of options as far as theilr own regions are concermed.

As a result of their evaluation, option 5 was chosen as tre basis for
biological banding. This incorporates BWWP score, number of taxa and Average
Score Per Taxon (ASPT). It is not possible to take any one criteria to
represent the biological status of that site.

Option 5 utilises the Ecological Quality Index () formerly termed the
Environmental Quality Index and defines band A*s lower limit as the lower
5Xile of ASPT EQI, but the lower 10file for EQI (taxa) and EQI (score). Band
widths of B and C are similar widths to Band A. D incorporates the remaining
EQI"s. It has been suggested that a further band, E, be included in the

biological classification to encompass situations where no BMP taxa are
found™

The band criteria are given In the following table:*

Biological Class EQI-ASPT EQI-taxa EQI-score

range range
A )-89 .79 MN).75
B 0.77-0.88 0.58-0.78 0.50-74
c 0.66-0.76 0.37-0.57 0.25-0.49
D ;. N0.65 N0.36 ,$0.24
E * No BWP taxa present.

The final designation of biological quality (stress) is determined on the
basis of all EQI values for that site (and taking into account the suitability
of the site for RIVPACS prediction). The final class i1s tre median of the 3
results e.g. B, B, C results in a B class, B A C results In a B class.

There are some departures from this with regard to ASPT. If the lowest EQI 1s
that for ASPT, then this will be the final class (s0 C, B, B results inaC
class, D, C, B results in a D class).

The "Jpsignations A B C D E are given for the biology classes where the
suitability for prediction at a site is good (indicated on the RIVPAC program
by a 1). Where the suirtability for prediction i1s not so good (i.e.
suitabilities 2 to 5) then designations are in lower case -a, b, ¢, d and e.

It was agreed by the biologists that, besides being used for the biological
classification, this banding should be the basis for the biological override.

Although there are five biological classes and five-chemical classes 1n“the
proposed NRA scheme, under no circumstances should they be considered
equivalent. The biological indexing is based on a different and larger set of
parameters than the chemical classification which iIs sanitary-determinand
oriented.

1
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