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NERC TERRESTRIAL AND FRESHWATER SCIENCES DIRECTORATE AND THE SCOTTISH
WATER INDUSTRY

1 INTRODUCTION

The purpose of this paper is to describe the activities of the NERC
Terrestrial and Freshwater Sciences Directorate (TFSD) that are of direct
Interest to the Scottish Water Industry. At present commissloned research
and applied studies are carried out by TFSD for private clients as well as
Government Departments which in Scotland include the Scottish Development
Department (SDD) and the Department of Agriculture and Fisheries for
Scotland (DAFS).

The TFS Directorate has recently reviewed its research programme in the
context of the future needs of the water industry throughout the UK. The
objective of the review was to identify areas of high priority research
where more effort is needed. In Scotland, subjects of particular concern
are the acidification of surface waters and the effects of land-use change
on water resources.

The strength of the TFS Directorate ls that the programmes of fundamental
research ensure that the Institutes have the skills, analytical techniques
and experience to tackle many applied problems. TFSD also has considerable
experience in Scotland where some of |Its Research Stations and
experimental sltes are located. Those parts of the exlsting programme of
strategic research relevant to the interests of the water industry are
described In Section 3. In addition to the existing projects, proposals
for new projects, designed to meet specific problems, within the main
project areas are also glven.

The paper has been prepared by the Institute of Hydrology, with Inputs
from the other TFSD Institutes. More detalled proposals on any of the
proposed research projects outlined in section 3 could be produced very
quickly. Furthermore the TFSD Institutes are also able to assist in
short-tern applied studies. In the first Instance readers requiring
further information or assistance should contact Dr. A E Bailey-Watts at
the Edinburgh Research Station of the Institute of Terrestrial Ecology
(see Section 1.2.3)

1.1 RESEARCH ORGANISATIONS SERVING THE WATER INDUSTRY

The Natural Environment Research Councll, establlshed by Royal Charter in
1965, has responsibllity for planning, encouraging and carrying out
research in the physical and biological sclences which explain the natural
processes of the environment. The three Dlrectorates of NERC, Earth
Sciences, Marine Sclences, and Terrestrial and Freshwater Sciences, all
undertake research work that Is of direct relevance to the requlatory and
operational functions of the Scottish Water Industry. However this paper
only identifies the research capabilities and programme of the Terrestriai
and Freshuater Sciences Directorate.

In addition to the NERC Institutes, the maln organisations that currently
carry out water related research are the Water Research Centre and
Hydraulics Research PLC, NERC has working relationships with both
organisations, but thelr main flelds of jnterest, and thus their research
programmes, dlffer and are complementary. Some relevant research work is




also carried out by University departments. In a number of subjects NERC
help to co-ordinate the national research efforts in Universities and
Institutes through established llaison groups, Speclal Topic funding and
through sub-contractors as part of departmental contracts.

1.2 NERC TERRESTRIAL AND FRESHWATER SCIENCES DIRECTORATE

The NERC TFSD brings together an exceptionally wide range of discliplines
comprising one of the world's largest bodies of environmental expertlse.
The TFSD research programmes draw on staff whose disciplines include:

- botany

- chenistry

- conputer sclences
- ecology

- ecotoxicology
- engineering

- forestry

- geography

- geology

- hydrology

- mathematlcs

- microbioclogy
- physics

- soll sclence
- virolegy

- 2oology

The resources of TFSD are combined together Into a comprehensive research
programme that addresses national and international needs in three main
areas:

- Ecology and conservation
- Environmental quality and pollution
~ Land use and natural resources

The main TFSD Institutes concerned with activitles relevant to the Water
Industry are the Institute of Hydrology, the Freshwater Blological
Association, soon to be renamed the Instlitute of Freshwater Ecology, and
the Institute of Terrestrial Ecology. Some of the research undertaken by
the Institute of Virology is also of relevance. In Scotland, TFSD
Institutes have close links with the Department of Agriculture and
Fisheries for Scotland, the Nature Conservancy Counclil and the Water
Research Centre who are interested in surface waters per se, and with the
Countryside Commission for Scotland, the Forestry Commission and the
Macaulay Land Use Research Institute with interests in runoff.

The ten Research Stations of TFS, supplemented by Units in Unlversities
and by field sites provide a strategic network of facllities and expertise
covering the environmental variation of Britain. The network !Includes
several Research Stations and experimental sites In Scotland.




1.2.1 Institute of Hydrology

The Institute of Hydrology (IH) has a broad programme of both fundamental
and applied studies into the movement and behaviour of water in its
translation from rainfall into runoff or evaporation. Specific projects
range from understanding physical processes to the mathematical modelling
of catchment behaviour for environmental and engineering purposes.
Studies of water quality and pollution have become an increasingly
important part of the research programme in recent years. A considerable
part of the Institute’'s activities ls funded as commissioned research and
ensures that research activities are closely related to practical needs
and that newly developed methods are tested for a wide range of
environmental conditions.

The National Surface Water Archive |s maintained at IH, containing data
from almost 1200 gauging statlions throughout the UK. In addition to the
computer based data retrieval system, published yearbooks provide
information on the availability and suitability of hydrological data to
satisfy a broad-based demand within the UK and abroad.

This extensive data bank and many aspects of the IH research progranme are
particularly relevant to the study of the hydrological and water balance
implications of climate change.

IH also has a strong interest in catchment studies In Scotland. These
Include the experimental catchment at Balquhidder where the effects of
afforestation are being studied, the Alt' Mharcaldh catchment which is
part of the Surface Water Acidification programme and other catchments
that are part of the UK Acld Waters Monitoring Network.

Institute of Hydrology
Wallingford

OXON 0X10 8BB

Tel: 0491 38800

Balquidder Site
Tulloch Lodge
Balquhidder
Lochearnhead
Perthshire FK19 8PQ
Tel: 08774 257

1.2.2 Freshwater Biclogical Association

The Freshwater Blological Association {FBA) was founded to promote
fundamental research into biology and ecology of all kinds of freshwaters.
It is soon to be renamed the Institute of Freshwater Ecology (IFE). Basic
cherical and physical studies comprise an Increasing part of the research
programme, while biological studies include taxoncmy, community structure,
feeding behaviour, population ecology and physiology, and thelir relations
with environmental variables both natural and man-induced.

The FBA also makes Its Informatlon service avallable to the Water
Authorities. This provides coples of the monthly current awareness lists
of publications on freshwater biology and chemistry:; an annual list of
published  papers relating to each Authority's area; and an immediate
response service to telephone enquirles. The Scottish Reglonal Councils




and River Purification Boards may also find it useful to have access to
these services.

Much of its commissioned work iIs directed towards the management of waters
with regard to Improved quality and fisheries status including the impact
of nutrient load and land use thereon. MWajor developments include the
development of models to assess the impact of perturbations on the
function of freshwater systenms.

Freshwater Biological Association
The Ferry House, Far Sawrey
Ambleside, Cumbria

LA22 OLP

Tel: 09662 2468

The River Laboratory
East Stoke,

Warehan

Dorset BH20 68B
Tel: 0929 462314

1.2.3 Institute of Terrestrial Ecology

The Institute of Terrestrial Ecology's (ITE) main concern s the study of
the factors determining the dlstribution and abundance of plant and animal
species, and the structure and functioning of terrestrlal ecosystems. This
research Is almed at providing a sounder scientific basis for forecasting
and modelling the environmental impacts of natural or man-made changes
such as pollution or changes in land use.

ITE are also able to undertake detailed historical surveys to put current
environmental considerations Into perspective. The Environmental
Informatlon Centre provides databases on land resources, geographical
Information and the distribution of biological species and communities.

ITE has two laboratories In Scotland:; the main site Is the Edinburgh
Research Station which speclallises In atmospheric pollution and tree
blology and aquatic blology. It also houses an IFE group of freshwater
ecologists. ITE's Interest in processes controlling the different types
of land use are relevant In this connection, although the research ls
centred mainly on the Merlwood research centre in Cumbria. The Banchory
Research Station specialises in upland ecology with interests in sport
animals such as deer and salmon In the Highlands. Work has also been

done on coastal protection in relation to oil development in the HNorth
Sea.

Instlitute of. Terrestrial Ecology
Edinburgh Research Station

Bush Estate, Penicuik
Midlothian, EH26 0QB

Tel: 031 445 4343

Banchory Research Station
Hill of Brathens, Glassel
Banchory, Kincardineshire
AB3 4BY

Tel: 03302 3434




Meriewcod Research Station
Grange over Sands

Cumbria LA11 6JU

Tel: 04484 2264

Monks Wood Experlmental Station
Abbots Ripton,

Huntlingdon

Cambs. PE17 2LS

Tel: 04873 381

1.2.4 Institute of Virology

The Institute of Virology undertakes research on viruses, In particular
those that cause disease of arthropods and those that are transmitted by
arthropods to other organisms. Viruses associated with mosquitoes, gnats,
sandflies, ticks, wild birds and feral or domestic animals are under
study, as well as viruses of trees and wild grasses. The Institute also
studies the ecological importance of naturally occurring viruses both as
regulators of populations of insect species in various ecosystems and as
potential controllers of Insect pests. There are programmes of research

at the Institute involving genetic engineering and custom design of viral
insecticlides.

Institute of Virology
Mansfield Road
Oxford OX1 3SR
Tel: 0865 512361

2 PRIORITIES FOR RESEARCH

Through Its research Institutes, the NERC TFS Directorate is making and

will continue to make major contributions to the following areas of
research:

- Water resources

- Floods and land dralnage

- Water quality and effects of pollution

- Fisheries

- Environmental monitoring and |mpact
assessment

- Climate change and its environmental
lmplications

- Urban hydrology

- Environmental databases and data
nanagement systems

- Reglonal data analysis

Technology transfer

The following section glives brief descriptions of existing and proposed
projects in these general categorles that are of direct relevance to the
Scottish Water Industry and that fall within the expertise of the TFSD
Institutes. For existing projects target dates for project completion are
given, however {n some cases the details of more than one project have
been combined together under one project title. For proposed projects an




indication of the resources needed and the 1lkely duration is given.

The following table summarises the main existing and proposed projects by
programme area.




SUMMARY TABLE OF EXISTING AND PROPOSED PROJECTS
Scottish Water Industry

3.1 WATER RESOURCES

3.2

3.1.3

34

EXISTING PROJECTS

Compensation flows
Flow regimes & biological factors
Minimum ecological flows

Total

PROPOSED PROJECTS

flow regimes & biological factors
salmon migration
habitats in vegetated rivers
Reservoir management strategies for water
quality
Effect of altitude on evapotranspiration

Total

3.2 FLOODS and LAKD DRAINAGE

3.2.1
3.2.2
3.2.3

3.2.4

3.2.4

EXISTING PROJECTS

Update of Floods Studies Report
Flood forecasting
Weather radar

weather radar & climatic hazards
local calibration
Snowmelt flood forecasting

Total

PROPOSED PROJECTS

Snoumelt forecasting
weather radar

Total

Cost/yr
( k)

57

Cost/yr
( k)

65
61
40
40

206

Cost/yr
(%)

110
70

Duration End
(years)
3 1990
= 191
Duration
(years)
3
3
3
Duration End
(years)
ongoing
ongoing
3 1990
2 1989
2 1989

Cost/yr Duration

¢ k)

40.

40

(years)

Client

Dok

NCC

Client

KAFF
MAFF

DOE/MAFF /CEC
TUA
STWA

RUMNing

totals

Existing Proposed

axcs

342

===

206

®SSS

246




3.3 WVATER QUALITY STUDIES

3.3

3.3.2

3.3.3
3.3.4

3.3.5

3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

EXISTING PROJECTS

Acidification

1. effects of acid rain
biological effects
aquatic pollution
surface water acidification

geochemistry
2. measurement of pH in freshwaters
3. speciation of Al in natural waters

reclamation of acid waters
Toxic chemical pollution
1. impact modelling
3. pesticide determination
River water quality models (QUASAR)
Forest impact on water gquality
1. monitoring water quality
2. upland sediment studies
Nutrient enrichment

Total

PROPOSED PROJECTS

Toxic chemical pollution

1. storm runoff

2. pesticide-sediment standards

River water quality models

Forest impact on water quality

3. forestry & water temperature

Mutrient enrichment
long-term changes in nitrates
trophic survey of UK Lekes
historic algal & nutrient cycles
contribution of fish to N budget
model ling phosphorus removal
livestock & water quality

Predicting raw water colour

Total

(x)

$0
12
¥
a3
44

13
48
29

50
55
28

87
34
65

682

Cost/yr
¢ k)

50
40

15

50

cgun

T4

416

Cost/yr Durstion

End Client
(years)
2 1990 CEC
5 1990 NCC
3 1989 DoE
[ 1989 Royal Society
4 199 Welsh Off
5 1990 Royal Society
5 1990 CEC
b 1990 Br.Indust.Sand
5 1992 Dok
ongoing Dok /NCC
1 1989 SWWA
3 1991 DoE/NERC
2 1989 For.Comm.
ongoing MAFF
NCC & others By ===z
1024 246
Duration
(years)
[
2
3
3
1
1 cost depends on murber of sites
2
3
3
2
3
1024 662
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3.4 POLLUTION

EXISTING PROJECTS

3.4 Sediments

2. pesticide-particle interaction
3.4.3 Modelling of caesium

geochemistry of radionuclides
radionucl ides fn vegetation & soil

Total

PROPOSED PROJECTS

3.4.1 Sediments

Cost/yr Duration
K (years)

40
10
26
250

[V. 30 S NI

326

Cost/yr Duration
( kY (years)

1. quality criteria 40 3
2. organic pollutants in river sediment 37 3
3. pesticide-particle interaction 40 1
3. metal release from sediments 49 2
3.6.2 Effect on animals
evaluation of micropollutants 110 3
zinc & stream ecosystems 33 3
insecticides & forest ecosystems 55 4
3.4.3 Modelling of caesium 30 3
Total 394

3.5 FISHERIES

EXISTING PROJECTS

3.5.1 Salmonid fish

population dynamics

management & re-stocking of rare fis
3.5.2 Physiclogy of stress

stress responses in freshwater fish

Total

PROPOSED PROJECTS

3.5.1 Salmonid fish
stock:recruitment relationships
competition between trout & salmon
stocked trout & natural salmonids
stochastic model for trout growth
3.5.2 Physiology of stress
environmental stress & ecophysiclogy

Total

Cost/yr Duration
k) (years)

51 22
50 5
18
219

Cost/yr Duration
( k) {years)

40 5

40° 3

&0 S

40 3

30 =
190

€nd

1989
1990
1990
1991

End

ongoing
ongoing

Client

0ot
CEC
Dok
DoE /MAFF /SDD

=== ====

1350 1056

Client

NERC
NCC




3.6.1

3.7.3

3.71

3.7.2

3.8 LAND

3.81
5.8.2
3.8.3

3.8.4

3.6 ENVIRONMENTAL MONITORING and IMPACT ASSESSMENT

EXISTING PROJECTS

Envirormental impact assessment (EIJA)

EIA for oil industry
EIA on coastal barrages

EIA on land drainage £ reservoirs

EIA methodologies

Total

3.7 CLIMATE CHANGE

EXISTING PROJECTS

Implications of sca-level change

coestal enginecering protection

vegetation for engineering

Total

PROPOSED PROJECTS
Impact on water quality
effects on water quality

Impact on low-flows

Total

USE and HYDROLOGY
EXISTING PROJECTS

Land use change & water resources
Broadleaf afforestation
Distributed modelling

IHDM R&D

remote sensing of grassland
remote sensing for habitats

Multispectral remote sensing

vegetation physiology & stress

Total

Cost/yr Durstion
(k) (years)

58 ongoing
20 ongoing
10 ongoing
50 ongoing
138
Cost/yr Duration

( k) {years)

55

45

100

Cost/yr Duration
C k)  (years)

60 4
57

17

Cost/yr Duration

105 10

100 4
&0 6
15 2
35 1
15 -

330

10

End Client
8P
Various
Various
NERC
1707
End Client
1989 EEC
1992 AWA/NCC
1807
1807
End Client
1991 various
1992 Dok
1990 MAFF
1990 various
1989 Various
1990 NERC
===
2137

k-3

1363

1363




3.9 URBAN HYDROLOGY

3.9.1

3.9.2

3.9.3

EXISTING PROJECTS Cost/yr Duration End
¢ k) (years)

Urbanisation and catchment response 18 L 1990
Total 18
PROPOSED PROJECTS Cost/yr Duration

{ k} (years)

flood risk assessment with level 50
effected ocutfalls

Remote sensing for urban hydrology 21

Total T

3.10 ENVIRONMENTAL DATABASES snd DATA MANAGEMENT SYSTENS

3.10.1
3.10.2
3.10.5

3.10.6

3.10.3
3.10.4
3.10.5

EXISTING PROJECTS Cost/yr Ouration End
(k) (years)

Enviromental Information Centre 300 long- term
Mational surface water erchive 250 long-term
National biolegical classification of rivers
RIVPACS S0 1
natural & polluted river commnities 170 4
Land use change in Britain 400 ongeing
Totat 1170
PROPOSED PROJECTS Cost/yr Duration

( k) {years)

National water quality archive 140 long-term
National biclogical archive 150 long-term
National biological classification of rivers
banding surveys 40 1
RIVPACS support 140
Total 470
11

Client

MAFF

Client

DoE & NCC
NERC

WAs jointly
Dot
DoE/DEn/others

2155

3325

3325

===

EE=3

1434

1904




3.11 REGIONAL DATA ANALYSIS

EXISTING PROJECTS Cost/yr
¢ k)
3.11.1  water Information systems 240
3.11.2 Digital terrain models
database & thematic studies 88
Total 328
PROPOSED PROJECTS Cost/yr
k)
3.11.2 Digital mapping - low-flows & 80
pollution
Total 80
3.12 TECHNOLOGY TRANSFER
EXISTING PROJECTS Cost/yr
¢ k)
3.12.1 Micro FSR 20
3.12.2  HYDATA 20
Total 40
PROPOSED PROJECTS Cost/yr
k)
3.12.3  QUASAR: development into interective 25
micro-based model
3.12.4 MAGIC 20
Total 45

12

Durastion End Client
(years)
ongoing MAFF
ongoing MAFF
=ace
3653
Duration
(ycars)
Ed
3653
ODuration End Client
(years)
long- term NERC
long-term NERC
E==r-
34693
Duration
(years)
2
134
3593

L 2+

2029




3 PROJECT DESCRIPTIONS

3.1 WATER RESOURCES

3.1.1 Applications of Low Flow Study

Problen :

The desired levels of compensation flows and decisions on abstraction
licenses and discharge consents have rarely been based on objectively
derived low-flow criteria. The IH Low Flow Study used data up to 1974 to
define low-flow criteria, their method of calculation and estimation for
ungauged catchments. Since then several extreme summer droughts have
occurred, improved hydrological databases have become available, and more
efficient computer-based regionalisation procedures developed.

Objective :

To update the low-flow estimation techniques In current use by the Water

Industry to set compensation flows, abstractlon licences, dlscharge
consents, etc.

Description :

Existing techniques for low-flow estimation methods are beling updated
using new theoretical methods, the extended hydrological, solls and

geographical databases now available, and also incorporating feedback on
the previous methods from Water Authority users.

The low-flow estimation procedure for Scotland (supported by the SDD) is
under revision using improved hydrological response map HOST {(Hydrology of
Soil Types). Additional improvements will arise from the preparation of a
pc based design procedure Micro Low Flows.

Existing project Av cost Duration End Client
£k/yr Years
Compensation flows 57 3 1990 DoE

3.1.2 Flow regimes and biolegical factors

Problea .

There are continual pressures to increase abstractions from rivers and
aquifers, or to reduce compensation releases from reservoirs. Such

changes in flow regime can affect the plant and anlmal life of the river
downstrean.




Objective .

To examine the relatlonships between flow conditlons and exlsting flora
and fauna to predict critical polnts at which shifts or deterioration in
species abundance and diversity might be expected.

Description :

The FBA have carried out fleld and experimental studies to investigate
methods of combining physical and biological approaches to setting mininum
ecological flows. Existing expertise on salmon counting and taggling could
be used to investigate the relationship between upstream movements of
adult salmon and the velocity and discharge of the river. Broader studies
could look at the relationships between particular flow conditions and the
existing flora and fauna to predict critical points at which shifts in
species abundance (e.g. nuisance algae) or deterloration in the diversity
and abundance of fly life might be expected. The competitive balance
between plant species and flows is amenable to an experimental approach
under which the relationship could be defined with greater accuracy.

Existing project Av cost Duration End Client
£k/yr Years
Min ecological flows 16 3 1991 NCC
Proposed projects Av cost Duration
sk/yr Years
Salmon migration 65 3
Habitats in vegetated rivers 61 3

3.1.3 Management strategies for reservolr water quallty

Problenm :

Deterioration of reservoir quality can occur if appropriate reservoir
management techniques are not employed.

Objective :

To provide advice and water quality management strategies for individual
reservoirs,

Description :

TFSD Institutes have combined thelr experience of lake mixing, surface
vater chemistry, and microbiology to contrlibute to the more effective
management of water quality and the definitlon of optimum nanagement
strategies for reservoirs. Thls work could be extended to incorporate
scientific answers to questions on nutrient stripping, fish management,
aeration and the benefits of flushing.

14




Proposed project Av cost Duration
£k/yr Years
Reservolir management 40 K|

for water quality

3.1.4 Effect of altitude on potential evaporation

Problem -

Regional estimates of potential evaporation In Britain are based on
extrapolation of results from a sparse network of meteorological stations
most of which are at low altitude. An accurate assessment of evaporation
is necessary to estimate the water resource of a catchment. Existing
guidelines postulate that evaporation decreases with altitude, but data

from the Balquhidder experimental catchment suggests that the opposite is
true.

Objective :

To study the relationship between altitude and evaporation.

Description :

Sites of different land-uses at a range of elevations would be selected

within the existing experimental catchments at Balquhidder and appropriate
monitoring networks installed.

Proposed project Av cost Duration
£k/yr Years
Altitude & evaporation 40 3

3.2 FLOODS and LAND DRAINAGE

3.2.1 Update of Floods Studies Report

Problen ;

Since publication of the Floods Studies Report (FSR)} In 1975 there have
been many advances in statistical methods of flood frequency analysis, and
more data are avallable. FSR design techniques are In widespread use
throughout the UK, but now require review and some revision.

15




Objective

To incorporate the latest theoretical developments and most recent baslc
data into FSR design procedures.

Description :
The extenslve floods database now avallable at IH, together with physical

catchment data available from geographical information systems, are being
analysed with the newest statistical techniques.

Existing project Av cost Duration End Client
£k/yr Years
Update FSR 110 ongoing MAFF

& assoclated work

3.2.2 Flood forecasting

Problen :

Short-tern flood forecasts based on rainfall data could be Improved by
incorporating flow data observed in real-tire.

Objective :

To develop operational real-time flood forecasting systems that use inputs
from both real-time rainfall and flow data.

Description :

IH are developing an operational real-time flow forecasting system which
includes rainfall-runoff and channel routing elements and also represents
the fluvial-tidal interface. The model forecasts are updated using
telemetry to improve forecast performance.

The project Involves the lmplementation of an operatlional system for a
specific river basin. However, the general design of the system would be
appropriate for other UK river basins.

Existing project Av cost Duration End Client
sk/yr Years
Flood forecasting 70 ongoling HAFF

3.2.3 Neather radar In the alleviation of climat!c hazards

Problen

The extreme rainfall that Jleads to damaging flooding can often be

16



localised and Is difficult to measure using traditional methods. Weather
radar allows continuous measurements of rainfall to be made In space and
time. Major advances have been made in the last decade In the operatlonal
use of such data for flood warning and prevention. Much remains to be
deone.

Objective :

To improve methods of calibrating weather radar, and to investigate the
use of weather radar, other climatic data and catchment characteristics
from extreme events in order to improve forecasts, warnings and
operational procedures.

Descriptlion .

An operational system is being developed to combine regional rainfall
information derived from telemetry systems with weather radar data to give
better updated rainfal! estimates and short-term high resolution rainfall
forecasts. The system is being incorporated into a computer controlled
flood warning system. The system being developed would be sultable for
widespread use.

Existing projects Av cost Duration End Cllient
sk/yr Years

Weather radar & 55 3 1990 DoE &

climatic hazards others

Weather radar calibration 30 n 1989 TWA

3.2.4 Snowpelt flood forecasting

Problen :

Operational flood forecasting systems often perform poorly when snowmelt
contributes to the flood hydrograph. This 1is partiy due to poor
representation of the snowmelt processes in the model and partly due to
Inadequate knowledge of the extent, depth and water equivalent of lying
SNOW.

Objectives ;
1. To improve the snowmelt component of flood forecasting models.

2. To improve determlnation of snow cover using weather radar, .and after
1990, satelllte microwave data.

Descriptlons :
1. An appropriate snowmelt model is being adapted for use {n an

operational system. The alm Is to produce a model that could be applied
to other parts of the UK with little modification,
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2. Precipitation would be estlmated from weather radar and compared with
observed data from heated ralngauges complemented by data from a show
survey network. Calibration procedures would be developed from this
comparlson.

Existing project Av cost Duration End Client
£k/yr Years
Snowmelt flood 4 2 1989 STWA
forecasting
Proposed project Av cost Duration
£k/yr Years
Snowmelt measurement & 40

weather radar

3.3 WATER QUALITY

3.3.1 Acidiflication of soils and water

Problem :

The atmospheric deposition of sulphur and nitrogen compounds is altering
the water chemistry and ecology of catchments throughout the UK. Such
changes have caused a deterioration in water quality and catchment ecology
and are thus a major concern to the water industry and environmental
groups. TFS has provided leading research ln acidification over more than
a decade. However, further research is required to extend and refine the
prediction of what types of catchment are susceptlble to acidiflication,
what extent and timescale of the problem Is likely to be for a range of
emission scenarios, and which land management practices are llkely to
ameliorate or exacerbate the problem.predict what types of catchment will
be susceptible to acidificatlion and what the extent and tlme scale of the
problem is likely to be for a range of emission scenarlos.

Many of the chemical processes of aclidification are still poorly
understood. Some new monitoring and analytical methods have been
developed, but this research needs to be contlinued.

Cbjectives .

1. To develop models of the acidiflcatlon processes to assess the effects
on water quality, soil chemistry and ecology of land use changes (such as
afforestation}, changing deposition, or land management practlices such as
liming.

2. To lmprove analytical methods for studying water and soll chemlstry.

3. To study the jmpact of aluminium on a number of animals.
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4. To study the mobilisation and transfer of elements within soils and
from soils to water.

. To Investigate methods of reversing aclidification.

. To malntaln existing monitoring networks.

oy n

Descriptions :

1. Selected catchments in the UK (including 9 in Scotland} and elsewhere
in Europe have been instrumented, and models of acidiflcation developed.
The models have been calibrated against field data and validated using
paleoecological records. Biological and ecological surveys are also being
carried out.

2. The measurement of pH in freshwaters s surprisingly inaccurate, and
techniques are being developed for accurate measurement.

3. One effect of aclidification is the speciation of aluminium. This and
the impact of toxic aluminium on animal populations are being
investigated. For example, egg shell thinning in dippers and its
association with acidification is being examined.

4. Improved methods for reclaiming acld waters from industrial sites are
also being developed.

5. A series of covered plot experiments using deacidified water to assess
the speed and recovery of soil and stream waters are proposed.

6. Geographic information systems are being used to provide information on
the vulnerabllity of catchments to acidification. A database has been
established covering the whole of Wales and drawing on pedologlical and
geological Information and on land-use data ln order to assess risks of
acidification of surface waters. It is planned to extend this exercise to
cover the whole of the UK.

Existing projects Av cost Duration End Client
£k/yr Years
tffects of acid rain 90 2 1990 CEC
Biological effects 12 5 1990 NCC
Aquatic pollution 44 3 1389 Dokt
Surface water acldification 83 4 1989 Roy Soc
Geochenistry 44 4 1991 Welsh Off
Measurement of pH 13 5 1990 Roy Soc
Speciation of Al 48 5 1950 CEC
Reclamation of acid waters 29 5 1990 Brit Ind
Sand

3.3.2 Toxic chemical pollution In catchments

Problen :

Diffuse toxlc chemicals, including agricultural pesticides, enter rivers
through surface and ground waters. Surface waters are also polluted by
point sources from urban runoff, and domestic and industrial sewage
effluent. The resulting pollution threatens water supplies, as well as
the wildlife associated with the waterways.

Toxic chemlcals such as DDE, HEOD, PCBs and mercury are concentrated in

species at the top of the food chain. Study of the accumulation of toxins
in such species can give a good overall indication of environmental
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pollution which Is difficult to assess using other methods.

Some pesticides and other toxins are accumulated in trace quantities in
river sediment particles. Analytlcal procedures are difficult, and it is
not easy to standardise results between laboratories.

Objectives :

1. To monitor the distribution and movement of pesticides on land, in
surface and groundwater and In sediments, and to develop models of toxic
chemical, pesticide and fertillzer runoff.

2. To establish the real long-term trends in toxin levels and to chart and
evaluate their effects on wildlife.

3. Establish analytical standards for measurements of pesticides and other
toxins, partlicularly in sediments.

Descriptions :

1. Fleld measurements are providing data for mode! development. The
models will be available for strategic planning.

2. Surveys of the levels of important toxins in predatory birds {heron,
kingfisher, great crested grebe) and otters have been carried out for over
25 years and need to be continued.

3. Analytical procedures for selected toxic chemicals, particularly in
sediments, are being reviewed and Intercomparisons of varlous measuring
laboratories made.

Existing projects Av cost Duration End Client
£k/yr Years
Impact modelling 50 5 1992 DoE
Pesticide determination 55 ongoing DoE/
NCC
Proposed projects Av cost Duration
fk/yr Years
Pesticlides in storm 50 4
runoff
Pesticide-sediment 40 2
standards

3.3.3 River water quality models

Problen .

In river catchments with complex fiow regimes and where a wide range of
options for both sewage discharges and supply abstractions are available,
techniques are needed to give an objective and rapid assessment of changes
In water quality during planning or operation so as to identify potential
problens.
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Objective :

To develop a numerical model of a river catchment to be used for the rapid
assesspment of water quality changes following major perturbations, and
also for plannling purposes.

Description :

A prototype system has already been developed and tested. It needs to be
improved by adding extra components and a better user Interface. The
generalised model, once fully developed and tested, would have application
for many UK rivers. The model could be used for operational as well as
planning purposes and would provide optimal solutions whilst gliving
adequate environmental protection.

Existing project Av cost Duration End Client
£k/yr Years
River water quality model 28 1989 SHWHA
Proposed project Av cost Duration
£k/yr Years
Further development of 20 3
nodels

3.3.4 Inmpact of forestry on water quality

Problen :

Forestry and other changes in upland land use have contributed to the
acidiflcation and the consequent adverse ecological effects on soils and
stream waters in upland Britain. Both drainage for planting and the
disturbance caused by felling increase the particulate materials entering
upland watercourses. This leads to a varlety of ecological effects such
as reducing growth of aquatic plants and making gravel unsuitable for
salmonid eggs. Forestry practices also affect water temperatures and can
lead to adverse chemical and ecological effects.

Objectives :

1. To study wvater quality changes in forest streams before, during and
after an intensive forestation programme.

2. To study the effects of forestry on sedimentation and hence river
ecology.

3. To study the disproportionate effect of forestry on temperature changes
in water and the consequent release of some chemicals on the embryonic
developnment of salmonid fishes, and the invertebrate food supply-

Descriptions :
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1. Monitoring of water quality in experimental catchments during a cycle
of forestry development.

2. Monitoring of erosion and sedimentation processes. Examlnation of the
ecologlcal consequences of increased sedimentation such as the reduction
in growth of aquatic plants and making gravel unsultable for salmonid
eqggs.

3. Hore detailed fleld and experimental studies of the changes In stream
temperature and the chemical and ecological consequences would be carrled
out.

Existing projects Av cost Duration End Client
£k/yr Years
Forest impact on water 87 3 1991 DoE/
quality NERC
Upland sediment studies 34 ” 1989 For C
Proposed project Av cost Duration
f£k/yr Years
Forestry & water temperature 15 3

3.3.5 Nutrient enrichment

Problen :

Nutrient enrichment of freshwater bodies has serious implications for
water supply, wildlife and conservation. The lmpacts, in this regard, of
‘'new' industries such as fish farming and afforestation, need to be
established, In addition to those of the more traditlonal activities
associated with sewage disposal and agriculture. The ecological effects
of runoff bearing increased levels of phosphorus and nitrogen (especially
nitrate and ammonia) are considerable.

Some aspects of this eutrophication are reasonably well understood, for
example the effects on microscoplc plants (Algae) and higher aquatic
vegetatlon. Processes relating to what controls the observed shifts In
the concentrations of  nutrients in running waters, and the
concentration-flow relationship are not well defined. The effects of
factors such as atmospheric inputs, groundwater contributions and climatic
events, have still to be distinguished.

All standing waters are subject to COPA (Control of Pollution Act) and CEC
directives and a national classification of water quality is needed.
Phosphorus Inputs to a few lakes in the UK have been reduced with varying
results: the response by the sediments need further Investigation before
models adequately describing the behaviour of different types of
freshuater can be developed.

Objectives :
1. To better understand the processes of eutrophication.

2. To establish an appropriate ranking procedure for water quality.
3. To provide objective nmethods for setting nutrient standards with
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respect to environmental and water quality.

4. To assess the threat of intensive fish farming to local water quality,
¥ith particular emphasis on nitrogen species.

5. To predict rate of recovery of lake water quality following phosphate
removal.

6. To assess the effects of various nutrient control scenarios on total
Inputs and their seascnality,

Descriptions :

1. A desk study of long-term nitrate records which show narked
oscillations that may be related to changes In atmospheric nitrogen,
groundwater levels, and climatic events.

2. To further develop recent studies in which a cost-effective method of
ranking water quality based on total phosphorus and total 1inorganic
nitrogen was developed.

3. An experimental study would be carried out on the levels of nutrients
suitable for the maintenance of specific standards of environmental and
water quality.

4. A nitrogen budget model for trout would be developed from existing
information on food intake, metabolism and growth in relation to
temperature and other variables.

5. It is proposed to develop a model to predict the recovery time of a
lake following phosphorus removal.

6. Where sufficient data exists to allow a seasonal assessment, compare
and contrast the effects of dlfferent contro! prograpmes.

Existing project Av cost Duration End Cllent
£k/yr Years

Nutrient enrichment 65 ongolng NCC &

others

Proposed projects Av cost Duration
gk/yr Years

Survey of long-term changes 62 1

In nitrates

Trophlc survey of UK lakes 50 1

Historic algal & nutrient 35 2

cycles

Fish & the N budget 25 3

Modelling phosphorus removal 20 3

Effects of intenslve 25 2

livestock rearing on surface
water quality

3.3.6 Predicting raw water colour

Problen

Discoloured water supplies may not meet the required standards and are
often considered to be unacceptable by the general public. Research at
one site has already shown that heather burning, drainage llimitatlons,
stocklng densities and certaln rainstorm events are all factors which

23




contribute to colour problems. A way of predicting in general terms the
processes and catchment characteristics that lead to highly discoloured
water is needed.

Objective

To collate all available data on water colour, and to develop appropriate
models.

Description :

All relevant data would be collated and the characteristics of those
catchments susceptible to increases In water colour identified.
Predictive models would be developed to show how soll properties, rainfall
depth and chemistry, and land-use infiuence the concentrations of coloured
organic compounds. The application of the models in planning upland
management and land- use changes would be considered.

Proposed project Av cost Duration
sk/yr Years
Water coiour predictions 74 3

& modelling

3.4 POLLUTION

3.4.1 Sediments

Problen :

Hany organic compounds, Including pesticldes and detergents, becone
assoclated with sediments. Present techniques are unable to descrlbe thelr
transport in the sediments and predict the behaviour of classes of
pollutants in different sediment mlxtures and particle slize groups.
Similarly, metals are rapidly recycled at sediment-water Interfaces, and
traditional steady-state models underestimate the fluxes of metals.

Objectives :

1. To demonstrate how existing water quality guldelines relate to the
development of sediment quality criterla.

2. To develop a general diffusion and adsorption model.

3. To develop tuwo-dlmensional, time—dependent flux nodels of netal
release.

Descriptions :

1. The inmportance of selected lypophilic pollutants would be evaluated
using a combination of laboratory and macrocosm experiments.
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2. Appropriate fleld and experimental data would be used to develcp new
nodels.

Existing project Av cost Duration End Client
gk/yr Years

Pesticide-particle 40 1 1989 Dot

Proposed projects Av cost Duration
£k/yr Years

Quality criteria 40 3

Organic potlutants in 37 3

sediments

Pesticide-particle 40

interaction

Metal release from 49

sediments

3.4.2 Effects on animals

Problen :

Little is known of the effects of sub-lethal concentrations of selected
micropollutants on established communities of plants and animals. One
example is the watercress Industry which uses zinc for disease control,
which becomes Incorporated in the sediments, plants and anlmals
downstream. Another example |s the effect of insecticlde used to control
forest pests.

Objective :

To assess the effects of sub-lethal concentrations of selected
micropollutants on established communities of plants and animals.
Description :

Reclrculating experimental streams would be used to study the rates of

uptake and loss of zinc and other micropollutants from the various
components of the ecosystea.

Proposed project Av cost Duration
£k/yr Years

Evaluation of 110 3

micropollutants

Zinc & stream ecosystems 3 3

The fate of insecticides In 55 4

freshwaters within forest
ecosystems
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3.4.3 Modelling of caesium

Problen :

There is some evldence that reservoirs with upland peaty catchments are
now showing high caesium concentrations long after Chernobyl. This high
vulnerability to radionuclide deposition foilowing atmospheric pollution
from any future Chernobyl-type incident needs further research.

Objective :

To identlfy appropriate monitoring procedures and to improve the valldity
of models of radionuclide transport.

Description :

The existing steady state planning model would be improved and used to
predict freshwater caesium levels so that the wuptake by algae,
invertebrates and fish can be assessed following any future incidents.

The research would build on the studies on post-Chernobyl transfers of
caesiur into and sedimentation within lakes carried out by FBA and ITE and
on the intensive studies of caesium mobility in different
soil-vegetation-animal systems.

The principles developed for caesium transport can be extended to other
radionuclides, based on their known physical chemistry and on the known
systen priorities which determine element dynanmics.

Existing project Av cost Duration End Client
gk/yr Years
Caeslum modelling 10 2 1990 CEC
Geochemistry of 26 4 1990 Dok
radionucllides
Radionuclides in 250 5 1991 DoE, MNAFF
vegetation and soil SDD
Proposed projects Av cost Duration
fk/yr Years
Caesium transport model 30 3
3.5 FISHERIES

3.5.1 Salmonid fish

Problenm :

Studies of the effects of changes in flow regimes and land management on
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salmonid fish in the Lake District, Pennines and the River Frome (Dorset)
have been undertaken for over 20 years. They have provided a continual
source of advice and need to be maintained and supplemented by additional
projects in order to keep up with the latest developments. Other work of
UK-wide relevance carried out in northern Britain focuses on the status of
rare British freshwater fish.

Objectives :

1. To maintain existing long-term records on salmonid populations.

2. To investigate stock:recruitment relationships of salmon in a southern
river.

3. To determine the degree of competition between young salmon and young
trout.

4. To assess the density dependent relationship between stocked rainbow
trout and natural populations of salmonids.

5. To develop a stochastic model for predicting growth of trout in
relation to varying water temperatures.

6. To assess the distribution of rare fish and, if appropriate, develop a
management strategy for their re-stocking in suitable habitats.

Descriptions :

Existing long-term records will be continued . The existing data on adult
salmon in the River Frome would provide a basls for developing other
studles on factors affecting this specles. The installation of a smolt
trap would establish a year-to-year relationship between the number of
adult fish entering the river to spawn and the numbers of smolts migrating
to the sea.

The growth rates and mortality of trout and salmon fry will be determined
In experimental channels stocked at three different densities. Brown
trout and rainbow trout will be maintained in experimental channels to
assess the relative lmpact of increasing density with brown trout or with
ralnbow trout.

The FBA has a single deterministic model of trout growth which will be
loproved into a stochastic model. The brown trout is widespread in Europe
and such a model could be used as a management tool to assess the effects
of climate change or other factors affecting temperature regimes.

Exlsting projects Av cost Duration End Client
£k/yr Years

Population dynamics of 51 22 ongoing NERC/MAFF

brown trout

Managenent and re-stocking 50 5 ongoing NCC

of rare fish
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Proposed projects Av cost Duration
sk/yr Years

Stock:recruitment 40 5

relationships of

salmon

Competition between young 40
salmon & trout

Relationship between 40
stocked trout &

natural salmonids

A stochastic model for 40
trout growth

3.5.2. Physiclogy of stress

Problen :

Several years ago, the FBA built extensive rearing and holding facllities
for experimental studies on fish. These have been used mainly for studles
of endocrine physiology, particularly to understand the effects of stress
on trout. Substantial and persistent endrocrine disturbances can be
caused which can offset, for example, susceptibllity to disease. Exlsting
studles on stress In trout are now at a stage where they could be extended
to the effects of stresses on salmonids in the natural environment such as
spates, acid pulses, droughts or sublethal pollution.

Objectives :

1. To monitor seasonal physiological changes in natural populations of
saleonid fish In a range of environments.

2. To examine the effects of environmental stresses and determine
appropriate parameters of fish health for use In detection of potential
environnental problenms.

Descriptions :

1. Natural salmonid populatlons will be sampled and blood samples obtained
for cortisol determination and blood cel! counts. Records of welght,
length, age, sex, etc. will also be made.

2. Established methods will be used to measure the levels of chronic
stress in the populations.

Existing projects Av cost Duration End Client
fk/yr Years
The physiology of 118 4 HAFF

stress responses
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Proposed project Av cost Duration
£k/yr Years

Environmental stress 30 3

& ecophysiology

of fish

3.6 ENVIRONHENTAL MONITORING and IMPACT ASSESSMENT

3.6.1 Environmental impact assessment (EIA)

Problen :

Recent CEC directives now require EIA as an integral part of the planning
process for major developments. HMany sclentists from a wide range of
disciplines may be required to contribute to major EIA. Inputs require
careful consideration and there is always the concern that Independent
interdisciplinary issues are not overlooked.

As the CEC directives have been under discussion for several years many
developers have already demanded EIA and TFSD has acquired considerable ad
hoc experience in carrying out such appraisals. During this work it has
become clear that improved methods are requlred.

The Terrestrial and Freshwater Sclences Directorate of NERC has
established a Task Force to examlne the best way of Iidentifying EIA
problems and of mounting sclentific teams to address these. A number of
specific research investigations have begun.

Objective :

Togdevelop an EIA methodology which addresses the requirements of the CEC
directive for pajor developments projects.

Description :

TFSD is involved in very speclalised aspects of EIA projects being carrled
out for developments such as the Channel tunnel, onshore oll development

in Dorset, estuarine barrages, siting of water storage reservoirs and land
drainage schenmes.

Existing project Av cost Duration End Client
£k/yr Years
EIA for oil industry 58 ongoing BP
EIA on coastal barrages 20 ongoling VARIOUS
EIA on land dralnage and 10 ongoing VARIOUS
resevoir sijtes
Development of EIA 50 ongolng NERC
methodology
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3.7 CLIHATE CHANGE
Problen :

There is now a scientlific consensus that increasing concentrations of
atmospheric pollutants will lead to global warming and changes in rainfall
and evaporation. However there is nuch debate and sclentific uncertainty
on what the consequences of cllimate change are likely to be, and in
particular how the aquatic environment will be affected.

The current TFSD programme on climate change, whlch is being carrlied out
in collaboration with other agenclies such as the UK Meteorological Office,
comprises three main elements :

assessing the extent of climate change by comparing the existing
climate with long-term meteorological and hydrologlcal records.

interpreting likely climate change scenarios as predicted by
Global Circulation Models (GCM).

impact studies almed at Ildentifying the possible effects of
climate change as predicted by GCMs on the natural environment.

3.7.1 Impact on water quality

Problem :

The interactions between hydrology, water quality and terrestrial systems
are extremely complex and involve many feedback mechanisms. Water quality
Is an essential component of water resource nanagement and maintenance of
the fluvial environment. Water quality ls dependent on many factors such
as rainfall, rilver flows, temperature, animal and plant growth rate,
survival and so on, all of which will be affected by climate change. The
likely impact of cllmefe change on these factors needs to be quantified.

”

Objective :

To develop models to link water quallty with cllmate change, and to assess
the modelling and statistical techniques for the analysis of trends.

Description :

Climate change scenarlios from Global Circulation Models would be used to
determine the possible effects of cllmate change on water quaiity. The
studies on water qquality will be linked with current and proposed
research in TFS on the impact of climate change on land use, vegetation
and management.

Proposed project Av cost Duration
gk/yr Years
Effects on water quality 60 4
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3.7.2 Impact on low-flows

Problem :

There have been suggestions that the occurrence of droughts over the
period 1972-1984 has been due to climate change rather than the natural
year-to-year variability in cllimate.

Objective :

To study the recent pattern of extreme hydrological events and the
relationship between historical changes in low flows and fluctuations In
the mean northern hewmisphere clinate.

Description :

Progress has been made on understanding the 1inks between low flow

characteristics and climate variables, which will allow the possible
effects of climate change on flow regine to be assessed.

Proposed project Av cost Duration
£k/yr Years
Impact on low-flows 57 4

3.7.3 Implications of sea-level change

Problen :

Climate change, the associated rise in sea level, and also industrial
development have serious Iimplications for coastal protection and sea
defences as well as the local ecology. Potential pollution problems may
result from reworklng of sediments.

Objective :

To assess ecological effects of rises in sea-level due to cllimate change
and the possible consequences on sea-defences, and to examine the
possibilities of using vegetation as a supplerentary form of coastal
defence.

Description :
ITE are undertaking various ecological studies on salt marsh processes In
collaboration with Dutch, French and Portugese sclentists. They are also

represented on the review panel considering work on land use, coastal
morphology and geography.

31

[



Existing projects Av cost Duratlon End Client
£/yr Years
Coastal erosion protection 55 4 1989 EEC
Vegetation for engineering 45 7 1992 AWA
/NCC

3.8 LAND USE and HYDROLOGY

3.8.1 Effects of land-use change on water resources

Problen :

Little was known about the effects of upland afforestation on catchment
yield and water quality before IH started a number of catchment research
projects in the 1960s, In some catchments it has been shown that
afforestation can cause a reduction In runoff of up to 15%. Such a
reduction would have Iimportant consequences for water resources, so the
issue needs to be kept under continuous review.

Cbjective :

To assess the effects of upland forestry management on both water quantity
and quality.

Description :

Continued monitoring will allow the further development of comprehensive
models for the prediction of the effects of land-use change on water
resources, quality, and sedimentation.

Existing project Av cost Duration End Client
£k/yr Years

Land-use change & water 105 10 1991 NERC

resources

3.8.2 Broadleaf afforestation in lowlands

Problem :

It is expected that broadleaf plantation in lowland and marginal land
areas of Britain will increase significantly over the next few years in
response to changes Iin agricultural policy. The precise effects of this
type of land use change on the hydrology and chemistry of lowland
catchments are not clear.
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Objective :

To establish the chemical and hydrological processes of broadleaf
piantations in the UK lowlands.

Description :

Detailed experiments of evaporation and the water relations of broadleaf
plantations are being carried out, from which the effects on water
resources and quallty can be deduced. The hydrology and chemistry studies
#will build in terrestrial research on planting options for broadleaved

woodlands and their effects on evapotranspiration and soil water
chemistry.

Existing project Av cost Duration End Client
£k/yr Years
Broadleaf afforestation 100 4 1992 DoE

3.8.3 Distributed modelling to assess effects of land-use.change on
catchment runoff

Problenm :

It is difficult to predict the likely effects of land-use change. However
distributed models, such as the IH distributed model (IHDM), whose
parameters are based on physical characteristics have considerable
potential and could be developed further.

Objective :

To Investigate the potentlal of the IHDM in predlicting runoff from small
catchments, and also predicting changes in runoff regime caused by
land-use changes and different land management practices.

Description :

The IHDM allows different land-uses to be represented with parameters
based on physlcal characteristics. The use of remote sensing and
documentary evidence allows historical changes in land-use to be
quantified and used In predictive models. W¥hen linked with land-use and
vegetation mapping and monitoring, the models can be verified and used to
study major water resource development schenmes.

Existing projects Av cost Duration End Client
£k/yr Years

INDM R & D 60 6 1990 HAFF

Remote sensing of grassland 15 2 1990 Varlous

and land cover nmapping

Remote sensing for habltats 35 1 1989 Various
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3.8.4 Multlspectral remote sensing

Problen

It Is notorlously difficult to accurately assess the chemical Inputs to
grassland on a catchment level. However it has been shown that
nultispectral remote sensing could provide useful quantlitative information
not avallable from traditlonal methods. In addition to recording land
cover within catchments, nultlspectral remote sensing can also provide
information on the condition of vegetatlion.

Objective :

To Investigate the potential of alrborne multispectral radiometers and
spectrometers for estimating application levels of agricultural chemicals
Lo grassland.

Description ;

Multispectral remote sensing, in addition to recording the nature of land
cover within catchments can in principle provide information on the
condition of vegetation by observing the plant response of canopies at
different spectral frequencies. ITE is investigating the potential use of
airborne radlometers and spectrometers to assess the quantity of
agricultural chemicals such as lime and nitrogen-based fertilizers appllied
to grassland.

Existing projects Av cost Duration End Cllent
gk/yr Years

Vegetation physlology 15 1 1990 NERC

and stress

3.9 URBAN HYDROLOGY

3.9.1 Effects of urbanisation on catchment response

Problenm :

Urbanlsation has a marked effect on flood magnitude and frequency, whlich
may be Important for problems of river basin management, and in particular
the design of river works and storage ponds downstream of urban areas. The
present technlques for quantifying the effects of urbanlsation on
catchment response could be improved by further research.

Objective :

To Investigate the signlificant aspects of urban development responsible
for these changes, and to develop models to predict these changes on
ungauged catchments.




-

Description :

A new subcatchment hydrological event model is being developed to assist
engineers in planning and deslgn studles.

Existing project Av cost Duration End Client
f£k/yr Years
Urbanisation & 18 3 1990 MAFF

catchment response

J.9.2 Flood risk assessment with level affected outfalls

Problem :

Most outfalls and overflows from sewer systems can be affected by
backwater from high levels in receiving waters. Current predictions of
global climate change imply that there will be significant rises in sea
level that will affect the viability of many drainage systems. At present
there is no widely availabie methodology for assessing the detrimental
effects of sea-level rise on a given drainage systen.

Objective :

To develop computer software and guidance for dralnage englneers to assess
the risks of flooding and restricted flow in sewers subject to tidal and
other downstream influences.

Description :

Fluvial and coastal catchments with concurrent time-series of rainfall and
downstream levels would be selected. The data would be analysed to

develop approprlate risk assessment procedures that would be implemented
in a software package.

Proposed project Av cost Duration
£k/yr Years.
Flood risk assessment with 50 2

level affected outfalls

3.9.3 Remote sensing for urban hydrology

Problenm :

In the past estimates of different land use ln urban areas has been based
on expensive ground surveys. Research Is needed to develop remote sensing
techniques for carrying out effective and accurate land use surveys,
Better estimates of lmpervious areas will be ‘invaluable for the planning
and design of cost effective urban dralnage and sewage systems.

35




Objectlive

To compare remotely sensed impervious area estimates with those derlved
from ground surveys.

Description :

The resolution of remotely sensed data now means that surveys of land-use,
and in particular Impervious areas, In urban areas can be carried out
accurately and efficiently. Selection of suitable urban catchments for
study will be based on the availability of approprlate data. Differences
between remote-sensing derived results and ground truth data will Dbe
compared to assess the achieved accuracy.

Proposed project Av cost Puratlion

sk/yr Years
Remote sensing for urban 21 3
hydrology

3.10 ERVIRONHMENTAL DATABASES and DATA MAHAGEMENT SYSTEMS

3.10.1 Environmental Information Centre

Problen :

Research Into the natural environment |s critically dependent on the
existence of relevant high quality data that can be easily accessed.
Although there are many sources of relevant data the data are stored in
many different locations and In a varlety of forms. The collation of all
relevant information for a specific research or applied project is often
far from straightforward. The archiving of environmental data needs to be
improved if the best use of avallable information Is to be achteved.

Objective :

To maintain a national environmental database.

Description :

The NERC TFSD is unique in Britain in the volume and extent of the
environmental data it holds, and in the sophistication of the management
systems for data interrogation and analysis.

The Environmental Informatlon Centre (EIC)} has recently been established
as a focus for the acquisition, storage and dissemination of data and
information on the terrestrlal environment. The EIC Includes three
operational groups; remote sensing for tand resource assessment; digital
geographic Information systems; Blologlcal Records Centre. All aspects of
the EIC work are of potential relevance to research Into river
management.

36




Existing project Av cost Duration End Client
f£k/yr Years

Environmental Information 300 long-term DoE &

Centre NCC

3.10.2 Natlonal surface water archlve

Problem -

River flow data are necessary for all aspects of river basin planning and
panagement. The demands for data range from small sets of local data, to
the very large data volumes required to service the operational and design
functions of the water industry as well as national and international
research programmes. Whilst data are collected by separate authorities it
was considered necessary to set up a centralised archive charged with
providing a comprehensive service of data publication and retrieval for
all potential users.

Continued support of the archive, and the assoclated research and
development programme, is essential if the accurate hydrologlical data and
statistics required for present planning and operational purposes are to
be efficiently provided.

Objectlive :

To maintaln the exlsting facillties provided by the national surface water
archive, to enhance the retrieval options and to ensure publication of the
Hydrological Yearbook by October of the following year.

Description :

Stewardship of the Natlonal Surface Water Archive was transferred to IH in
1982. A comprehensive sulte of standard and more speciallsed retrieval
techniques has been developed to meet the broadly based demand for river
flow data. The existing facilities offered by the archive will be
supported and enhanced to make the best wuse of newly developed
technologles such as digital mapping, graphical systems and also allow
on-line access.

Existing project Av cost Duration End Client
£k/yr Years

National surface water 250 long-tern 'NERC

archive

(note this is a statutory duty under the 1973 Water Act that has been
passed from DoE to NERC by a permanent PESC transfer)
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3.10.3 National Water Quality Archive

Problenm

River water quality is becoming an increasingly important lssue for water
supply as well as environmental concerns. To date no comprehensive
national water quality archlve has been compiled although many
organisations monitor quality both on a routine and a project specific
basis.

Objectives :

1) To make comprehensive and consistent sets of water quality data
avallable in printed and computer compatible form that wlll complement the
existing surface water archive.

2) To assist with compilation and publication of the results of the 1990
River Water Quality Survey usling digital river network mapping
techniques.

Description :

A quality archive would be operated In the same way as the flow archive,
in that the project would be responsible for assembling, checking, storing
and publishing the data collected by the various agencies that operate
quality networks.

Her Majesty's Inspectorate of Pollution (HMIP) have been responsible for
the online Harmonised Monitoring Archive:; there have been suggestions that
this might be integrated with the Surface Water Archive at IH, who already
publish a small sample of key river quallity informatlion.

Proposed project Av cost Duration

£k/yr Years
National water quality 140 long~-tern
archive

3.10.4 National biological archive

Problen :

Many biologlcal data for UK rivers exist. These data are of immediate use
for water quality and conservation, and alsoc provide a basellne against
which any future changes can be assessed. However there are pany
important data sets that could be made more widely avallable If a
comprehensive archive were to be set up.

Objective -

It Is proposed that the Biological Records Centre (BRC) provide the
archive for all information on the distribution of freshwater organisms,
which would complement existing surface water archives and the proposed
water quality archive.
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Description :

The expertise of FBA and thelir existing biological data archive would be
linked to the BRC scheme to form the basis of a national archive on
freshwater organisms.

Proposed project Av cost Duration

£k/yr Years
Naticnal biclegical 150 long-term
archive

3.10.5 Natlonal biclegical classification of rivers

Problenm :

The ranking of rivers on the basis of water quality and biological
indicators ls an important component of the national river quallty survey.
The FBA have devised a classification system for predicting the species to
be expected at a given site from its physical and chemical conditions.
This system would be a very effective way of improving the coverage of the
biological information to be Included in the next River Water Quality
Survey.

Objective :

To develop a banding system for bioclogical quality on a national basis.
Description

The FBA has gathered detailed Inforpation about the Iinvertebrate
compunities at many sites on 77 rivers in malnland Britaln. The system
will form part of the next Rlver Water Quality Survey, and ls being
adapted for use on microcomputers. Comparison of Indices designed to
assess river water quality on the basis of chemical and bioclogical
criteria respectively will also be carried out.

Existing projects Av cost Duration End Client
£k/yr Years
River invert. prediction 50 1 WAs
classlfication system jolntly
RIVPACS
Natural & polluted river 170 DoE/Others
communijties
Proposed projects Av cost Duration
£k/yr Years
Bandlng system for quality 40 1
surveys
Support for RIVPACS 140 ?




3.10.6 Land use change in Britain

Problem .

Land use In Britaln has been changing but statistics are scattered.
Future changes are llkely to occur bu their geographical distributlon and
ecological consequences, including hydrological and hydrochemlcal, need to
be assessed for planning. ITE undertook a national survey, based on
stratifled sampling of 32 land classes, In 1978 and again In 1984. A
repeat survey is planned for 1990 to continue assessment of change in land
use and land cover. The data base has been widely used in analysis of
actual and potential change in land management, alternative crops and
environmental impact assessment.

Objective :

To determine the rate, type and distribution of land use change in Britain
and its environmental consequences.

To maintain a data base for application in planning and research.

Description :

The data base developed from the previous surveys will be expanded by
further field sampling, both in time and space. Integratlon with the
recently established Environment Information Centre (3.10.1) Is a high
priority and collaboration with the river communities (3.10.5) and other
water data bases is a loglical developnment.

Existing project Av cost Duratlon End Client
s£k/yr Years
Land use change and 400 ongoling DoE, DEn
ecological impacts & others

3.11 REGIONAL DATA ANALYSIS

3.11.1 Water {nformation systems (WIS)

Problen :

Maps are a fundamental source of physical data for hydrologlical analyses,
hoWwever only a fraction of the information potentially avallable can be
taken manually from maps. Conversion of maps to digital form allows much
more jnformation to be abstracted from the maps and makes pany new
approaches to hydrological analysls possible. Contlnued research is
essential If the best use of the avallable techniques Is to be made.
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Objective :

To make geographical information systems technology avallable for a wide
range of water related studies.

Description :

At present jmprovements are being made to the techniques for data capture,
validation and storage, from which new methods to analyse and interpret
catchment characteristics will follow. Such thematic Informatlion In
digital form is becoming indispensable for developing lmproved methods of
flood and low-flow estimation.

Existing project Av cost Duration End Client
sk/yr Years
Water information systems 240 ongoing MAFF

3.11.2 Digital terrain model (DTM) application in water management

Problen :

The UK-wide digital terrain model of a 50m X 50m grid of heights now glives
a complete 3-D description of the land surface in a form suitable for
digital analysis. Other physical Information for solls, land-use and
geology need to be digitised and incorporated into the database so that a
large number of catchment characteristics can be accurately and
efficiently derived for any point in a river network.

Objective

To establish a set of techniques for combining and interpreting digital
cartographic data together with key environmental data sets for low-flow
estimation and pollution forecasting.

Description :

The results of this type of work have important timpllications iIn the
estimation of flow characteristics at ungauged sites and thus will be
vital for setting the consent conditions of effluent discharges. In
combination with flow and water quallity data, the digital information will

make possible the automatic production of river quality and other types of
nap.

Existing project Av cost Duration End Client
sk/yr Years
Database operation & 88 ongoing MAFF

thematic studles




Proposed project Av cost Duration
gk/yr Years
Digital mapping for 80 3

low-flow pollution

3.12 TECHNOLOGY TRANSFER

Problenm :

Many anatytical techniques and data processing procedures developed in the
course of scientific research programmes could have widespread appllication
in the water industry. This may also be true of programs and techniques
developed in individual Water Authority offices. There is a need to
promote the transformationof speciallst computer programs Into coherent
user friendly and well documented software packages.

Objective :

To make various analytical techniques and software packages developed
during scientiflc research programmes into more generalised user-friendly
packages for use throughout the UK water industry.

Description :

To date programs from Individual sections within IH have been developed

into professional software packages: this appracch could be extended to
other orgainisations such as the NRA.

3.12.1 Micro FSR

Description :

The Flood Studies Report (FSR) techniques are in widespread use in the UK.
The design procedure has now been Incorporated into PC based software -
Micro FSR - that contains the latest supplementary reports. Future
developments are almed at linking micro FSR to the a digital map database,
so that abstraction of catchment characteristics may be automated.

Existing project Av cost Duration End Client
k/yr Years
Micro FSR 20 long-ternm NERC
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3.12.2 HYDATA

Description :

HYDATA is a micro-based hydrologlcal database and data processing systen,
designed for a wide range of users concerned with the storage, checking,
presentation and analysis of hydrologlcal data. It Is especially useful
for project studies.

Existing project Av cost Duratlion End Client
£k/yr Years
HYDATA 20 long-term NERC

3.12.3 Micro-based water quality model

Description :

The QUASAR water quality model was developed by IH for a specific
application. There is a need for a more generalised model for use on micro
and mini computers, to allow reglional offlces to model water quality
problems for use in planning and operational studies.

IH 1Is further developing a water quality model to handle both continuous
and intermittent point and diffuse sources of pollution. The model is
structured to ease transfer to other river basins, and to run on a range
of microcomputers. It has general purpose application for both
operational and planning purposes, wlth external variables belng set by
the user for the chosen basin and application.

Further developments to give an Interactive, menu driven nmodel with
extensive graphics would allow the model to be used by pollution
inspectors and planning officers at reglional NRA centres.

Proposed project Av cost Duration
sk/yr Years’
Develop micro based 25 2

quality model

3.12.4 MAGIC

Description :

HAGIC (Model of Acldification of Groundwaters In Catchments) is a user
friendly programme for simulating long term changes in acidlfication. It
can be used to assess the effects of changing deposition levels from
atmospheric pollution and from changing land use such as afforestation.
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MAGIC Is currently belng applied to many catchments In the UK, but further
development of the software and documentation is necessary If 1t is to be
made more widely available and of greater use to reglonal authoritles.

Proposed project Av cost Duration
£k/yr Years
Micro-based MAGIC 20 2
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