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Foreword

This manual was prepared for the Training Workshop on Integrating Sciences in Sustainable
Development of Natural Resources and Poverty Alleviation in South Asia, held at Colombo,
4-6 November 2003, by the British Geological Survey (BGS).

It comprises a series of six BGS presentations. The first four have been specially prepared for
the Colombo workshop by Nick Robins:

1. Needs of society in the 21st century, environment, natural resources, hazards and needs of
the poor

2. The role of the Geological Surveys

3. Water - the future

4.The BGS - some contributions to sustainable development

The last two are technical presentations:

5. The Bangladesh groundwater arsenic problem - prepared by David Kinniburgh and others
6. Minimising fluoride in drinking water in problem aquifers — prepared by Pauline Smedley

The four main presentations draw on two source documents, The British Geological Survey’s
Responses to the Terms of Reference of the 2003 Science and Management Audit, September
2003, and the internal BGS report of the BGS Horizon Scanning Group. Additional
information is drawn from a variety of sources including the internet.

The British Geological Survey through its parent body the Natural Environment Research
Council, owns the Intellectual Property Rights of all the material in this manual. The manual
and the presentations have been designed for use by the United Nations Economic and Social
Commission for Asia and the Pacific, but are retained under BGS ownership, and must not be
issued for use by a third party.



i British
Geological Survey
183! MNATURAL ENVIRONMENT RESEARCH COUNCIL

Needs of society in the 21st century

Environment, natural resources, hazards and needs of the poor

Maclean Building

Crowmarsh Gifford

Wallingford OX10 8BB

Tel 01491 838800 N aTumAL
z RESEARCH COUNCIL

© NERC All rights reserved

This presentation was prepared by Dr N S Robins at BGS in October 2003. If
you have any queries relating to this presentation please contact the compiler on

nsro@bgs.ac.uk .
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The key drivers

® The Millennium Development Goals 2000

® The Johannesburg World Summit on Sustainable
Development, September 2002

® Kyoto — The Third World Water Forum, April 2003

“Water is central to human development and poverty
alleviation.

Population growth and rising living standards are putting
heavy pressure on water resources.”

© NERC All rights reserved

These three sets of drivers inter-relate so that each succeeding summit or forum
adds to the previous one. In order to appreciate the evolution of world
aspirations it is best to look first at each independently.

1.Needs of Society in the
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UN September 2000

® Halving the number of people living on <$1/day
® Halving the proportion of people suffering from hunger

® Ensuring that all children, boys and girls can complete a
course of primary education

® Reducing maternal mortality by three-quarters and child
mortality by two-thirds

® Halting and reversing the spread of HIV Aids, malaria,
etc

® Ensure environmental stability
® Develop a global partnership for development

© NERC All rights reserved

See http://www.developmentgoals.org/ for full details of the MDGs and of the
September 2000 UN Millennium Summit.

The MDGs clearly have implications for water supply and sanitation that need to
be taken aboard by all practicing hydrogeologists and hydrologists. The
provision of drinking water in arid and semi-arid regions relies largely on
groundwater as surface waters tend to be seasonal at best.

The MDGs primarily address the individual person and their well-being.

Note that the issue of drought mitigation, i.e. reducing the hardship caused by
drought, is not an explicit consideration.

Presentation 1.Needs of Society in the
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Development

® Halving the number of people without access to sanitation
facilities
® Poverty eradication (eradication not reduction)

® Changing unsustainable patterns of consumption and
production

* Protecting and managing the natural resource base of economic
and social development

® Globalisation and sustainability

® Health and sustainable development

® Institutional framework for sustainable development
® Seven points identified in Asia (and Pacific) region:

© NERC All rights reserved

For more information go to http://www.johannesburgsummit.org/index.html .

The term poverty eradication is rarely used as it is not a practicable goal.
The Johannesburg summit started to look at sustainability and starts to consider
national and global economics.

Presentation 1.Needs of Society in the
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WSSD Asia (and Pacific)

® Capacity building for sustainable development

® Poverty reduction for sustainable development

® Cleaner production and sustainable energy

* |Land management and biodiversity conservation

® Protection and management of and access to
freshwater resources

® QOceans coastal and marine resources and
sustainable development of small island developing
states

® Action on atmosphere and climate change

© NERC All rights reserved

These seven issues derive from the Phnom Penh Regional Platform on
Sustainable Development for Asia and the Pacific.

See http://www.johannesburgsummit.org/index.html for further information and
click on Report of the WSSD.

New areas of interest include climate change and sustainable energy.

1.Needs of Society in the
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April 2003 — 13 Actions

® Governments to recognise the importance of water to
development and poverty reduction by
mainstreaming water in strategies

* Governments to increase investment in water

® Donors to focus on Governments that acknowledge
the importance of water

® Attract financing for infrastructure
® Expand public awareness of water issues
® |Improved provision of services

© NERC All rights reserved

For more information see http://worldwaterforum.idrc.ca/ .

The Kyoto forum concentrated on the institutional aspects of development,
including that of informing the public. It also recognised the attraction of
forming global partnerships to tackle water issues, in that the problems now
facing the world are too great for any one organisation to solve.

1.Needs of Society in the
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WWEFEF-3 continued

® Capacity building for new institutions created by
decentralisation

® Eradicating existing pollution and reducing future
pollution

® Create partnerships for best operation
* Joint management of transboundary water resources

* Water managers to adapt to climate change and
variability to avoid human suffering

® Global monitoring of resources and activities
* UN to highlight water

© NERC All rights reserved
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Hot springs in Sri Lanka (Jeff Davies, BGS)
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The key issues

Social:

® Poverty reduction

* Food security

® Access to safe water
® Access to sanitation
®* Health

Environmental:

® Climate change
® Sustainability

* Biodiversity

© NERC All rights reserved

Institutional:

® Decentralisation

® |nstitutional framework
* Partnership

* Awareness

® Capacity building

® Globalisation

* Investment

All these issues relate to water,
groundwater in particular

These are the issues that fall out of the MDGs, the Johannesburg Summit and
Tokyo. All the social issues relate in some way to improved and sustainable

development of water resources, and in arid and semi-arid areas this is very likely
to be groundwater. The environmental issues are all groundwater related as well

and the institutional issues also impinge on groundwater.

It is interesting that the majority of issues highlighted at these three international

meetings are institutional.

Presentation 1.Needs of Society in the
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The four corners of the
215t century

®* Environment — sustainable, conserving ecology and
habitat, protected from pollution.

®* Natural resources — sustainable development with
least impact on environment

®* Hazard — planning for drought and flood

®* Needs of the poor — poverty reduction, access to
resources.

© NERC All rights reserved

These four key issues are the four that hydrogeologists should be most aware of.
They should be used to guide the hydrogeologist in his activities, certainly for the
next few decades.
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Community pumps (Jeff Davies, BGS)
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Other social iIssues

Include, for example:

* Demography — occupation of marginal lands, such as
the impermeable shales of West Africa; increased
pressure on peri-urban and urban areas.

* Water apportionment and demand management.

* Water conservation — e.g. use of ASR, appropriate
land use and management, etc

® Waste management including siting of latrines,
disposal of sewage, etc.

® Education and training.
® Arsenic in groundwater

© NERC All rights reserved

There are numerous other issues that could be listed, but these are some of the
more important ones.
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Arsenic in groundwater

» Arsenic has emerged as a major issue in
drinking water worldwide especially in large
deltas and inland basins.

» Several countries are seriously affected
(Bangladesh, India, China, Argentina, and to
a lesser extent the USA) but one of the worst
is Bangladesh. The source is natural
(geological).

» Tends to be worst in younger aquifers
(Holocene).

© NERC All rights reserved

See also separate presentation on arsenic.
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© NERC All rights reserved

BGS in collaboration with the Government of Bangladesh undertook a
comprehensive water quality survey of Bangladesh. The Bangladesh limit for
arsenic in drinking water is 50 pg/L (the WHO guideline value is 10 pg/L). The
problem is clearly large and often associated with high-iron waters, although the
correlation is far from perfect.

Presentation 1.Needs of Society in the

21st century
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This diagram schematically shows the process of arsenic generation in

groundwater in a large deltaic formation. For further information see the
presentation on arsenic.
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These diagrams clearly show the tendency for highest arsenic concentrations in
Bangladesh to cluster at depths generally below 60 m. Little if any arsenic is
present below 160 m depth.
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Warts on the hands
and feet are an early
manifestation of
arsenic poisoning.
Skin, bladder and lung
cancer are also
associated with
drinking arsenic-rich
water.
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www.bgs.ac.uk

Bangladesh (Dave Kinniburgh, BGS)
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Changing needs of society

® Society is becoming more demanding with increasing
expectations.

* Demand for sustainability cannot easily be met whilst
the poor remain poor — poverty alleviation and wealth
creation will become more important.

* The march of globalisation is increasingly pressuring
unregulated society in some parts of the developing
world.

* As water becomes scarcer, so its value will increase.
Water is becoming a good rather than a right.

© NERC All rights reserved

Society’s needs are constantly changing. In Northern Province of South Africa
the question was asked what would the rural communities like best. The
unanimous response was running water in each of the huts and a WC. Sadly,
although there is enough water in southern Africa to satisfy this aspiration,
money is not available to accomplish it.

1.Needs of Society in the
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Changing role of the implementer

Include:

Greater emphasis on application through socio-
economic analysis of demand and use.

Decentralisation tends to fragments data gathering
and monitoring and requires the implementer to
devise new strategies for maintenance, etc.

Increased cost-effectiveness (affordability) requires
use of appropriate technology.

Institutional reform.
Foresight versus litigation!

© NERC All rights reserved

The increased importance of social and economic analysis has been welcomed as
this enables activities to focus on actual needs and demands. Decentralisation
has brought a number of problems with it but the benefits are greater than the
down side.
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The role of the Geological Surveys

The BGS model -1835 to 2003

Maclean Building

Crowmarsh Gifford

Wallingford OX10 8BB

Tel 01491 838800 MATURAL

ENVIRONMENT

© NERC All rights reserved RESEARCH COUNCIL

This presentation looks at the past, present and future role of the national
Geological Surveys using the British Geological Survey as a model, and citing
examples from elsewhere.

It is intended to help develop a programme of research and a system for
developing that programme that satisfies the demands of the 21% century.

The presentation was developed by NS Robins, BGS, October 2003, and is based
partly on the BGS submission to the 2003 BGS Science Management Audit team.

Nsro@bgs.ac.uk

Presentation 2. The role of the Geological
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Changing role of the surveys

* Traditionally government funded to suit the needs of
the nation:

® Minerals exploration to support primary industry
and supply fuels

* Transitional period of environmental awareness

®* Modern day role funded both by Government and
private clients alike:

* Wide remit of geological and environmental
interests

® Pollution, protection, contaminated land, waste
disposal.

© NERC All rights reserved

When most of the geological surveys were first established they received direct
grant aid funds from their respective governments. This money was used to
provide basic geological mapping and geological understanding with which to
develop mineral and fuel exploitation, to assist in transport routing and to provide
information regarding hazard.

As time progressed interest turned towards the environment, and the geological
surveys found that their remit had widened considerably. They also found that
direct grant aid from government was no longer adequate to sustain the wide
range of skills necessary to fulfil their remit. External commissions were,
therefore, sought in order to provide additional funds, and to satisfy the specific
requirements of agencies within government other than central government.
External commissions with industry and overseas agencies are also desirable.

Presentation 2. The role of the Geological
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Take UK and Botswana

® British Geological Survey established in 1835

* Work centred on geological map — initially on
areas of geological interest, later on areas of
economic interest.

® Significant contribution to UK economy.
* Botswana Geological Survey established in 1948

* Work also centred on geological map — geological
exploration in support of diamonds, coal and water
exploration.

* Contributed to stable self-sustaining government.

© NERC All rights reserved

The British Geological Survey is the oldest established survey, although India
followed in 1851. The traditional role of the BGS only changed in the last three
decades when it was realised that a commissioned research programme could
complement the core activities of the survey. The BGS has and does make a
significant contribution to the UK economy and the well-being of its people.

The Geological Survey Department of Botswana has only recently celebrated its
50t anniversary. A major contribution made to the nation by the survey has been
the exploration and development of groundwater and of diamonds supporting two
key threads of the nations economy — cattle and minerals.

Presentation 2. The role of the Geological
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The Geological
Surveys were staffed
by strong-willed
individuals with little
emphasis on team
work.

© NERC All rights reserved

Archie Macgregor was typical of some of the ‘Old Boys’ in being single minded
and dogged and an individualist. However, it was Archie who first turned to
groundwater development in Scotland with work he did in the 1940s. Contrast
the individual style of the past with the holistic and multidisciplinary needs of
today.

Presentation 2. The role of the Geological
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Geological Survey

® To provide a scientific understanding of the land surface
and sub-surface, its environment, resources and
hazards.

® To continue to serve the national interest by supporting
wealth generation and economic competitiveness.
® To contribute to improved quality of life.

® To provide forward looking solutions for sustainable
development.

® To address the diverse and changing needs through the
acquisition of geoscience knowledge and information,
its interpretation, management and dissemination.

© NERC All rights reserved

Remits for geological surveys vary from country to country. This one reflects the
needs of the UK, whereas others may reflect to a greater extent the well-being of
the poor and underprivileged, or specific development of mineral wealth.

Presentation 2. The role of the Geological
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Current strategies

* From traditional geological surveying to more
focussed resource/environment/hazards-based
programmes.

* From analogue to digital data acquisition and
management.

* From paper based to electronic delivery.
®* From 2-D to 3-d and 4-D.

* Towards a more multidisciplinary, best team
approach that uses improved project management
protocols and systems.

© NERC All rights reserved

Looking forward all the time to the requirements of tomorrow enables current
strategies to be devised and developed. The key is that change has to be endemic
and accepted by all staff. There is no room for complacency or of resistance to
change.

The 2-D map is being replaced by the 3-D model (using software such as Earth
Vision, Vulcan or GoCad) and the 4™ dimension can be added by loading
additional time dependent information into the model (such as groundwater
levels or water chemistry).

The huge opportunities that improved computer power is bringing have
revolutionised the approach to Geoscience data handling and presentation.
Advances in this field will continue to be made for some time yet.

Presentation 2. The role of the Geological
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And these mean:

* More directly addressing and focussing on user
needs.

* More effective and visible client consultation.

®* More web based delivery, including use of e-
commerce.

* Development of a seamless 4-D geological synthesis
in the form of a digital geoscience spatial model

* Project management to approach ISO 9001: 2000.
* |Impartiality.

© NERC All rights reserved

Communication is vital for survival. A continued dialogue with the client
community enables the surveys to focus on user needs. In addition the
geoscience information must be disseminated to the public so that the important
role of the survey is realised by the nation and by its politicians.

The survey must, however, retain independence from opinion so that it can offer
impartial advice and act as an arbiter should need arise.

QA is an increasingly important part of the survey job. Maintenance of an
adequate paper trail enables others to validate findings. The creation of metadata
is also a valuable means of support in this area.

Presentation 2. The role of the Geological

Surveys



British
Geological Survey

MATURAL ENVIROMMENT RESEARCH COUNCIL

Core competence

® Onshore and offshore engineering and environmental
conditions.

® Land surface conditions, land use planning and
geological/geophysical hazards.

® Groundwater resources and management, petroleum
and mineral resource assessments.

® Coastal zone protection, climate change impacts,and
CO, sequestration.

® Pollution and waste management.
* And — a comprehensive information base.

© NERC All rights reserved

Core competence must cover the needs of each individual country, and will vary
from survey to survey. These topics reflect the overall core competence of the
British Geological Survey. They can be broken down into more detailed sub-
topics as required. Most of the topics are, however, common to numerous
geological surveys the world over.

Presentation 2. The role of the Geological
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Data awareness

* A slow and recent realisation of the importance of
geological data.

* Important role of digital data — paper maps to GIS
to 3-D modelling.

* Need to digitise existing data.
* Even slower realisation of the value of data.
* Digitised data is very saleable.
* |IPR and copyright.
® Value added
* Interpreted data for a specific user.

© NERC All rights reserved

Data is a major asset of the geological surveys. It is in many ways the family
silver. Once it has been digitised and formatted ito become user friendly, it can
readily be processed in a variety of ways for a variety of purposes. So long as the
IPR is secure, the data can be sold or licensed time and again to provide income
to support data preparation and other survey activities.

Interpreted or value added data commands a far higher price than raw data.

Presentation 2. The role of the Geological
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Live databases

* Need to continue collecting primary data
* New mapping
* Monitoring and gathering
* Need to improve data access
* Software development — GIS and modelling

* Need to continue investigating processes to support
value of data.

* Need to qualify reliability of data and label
accordingly.

* Need to advertise data availability.

© NERC All rights reserved

Data holdings must remain active. It is essential that the surveys continue their
survey role and continue to collect primary information.

At the same time it is essential that software keeps pace with developments in IT.

It is also essential to continue research that will investigate the processes — this
understanding dictates which data are worth collecting and which are not. It also
indicates the density of data points needed to be useful.

Uncertainty remains a key issue. The reliability of individual pieces of data
should be assessed and the data labelled accordingly.

Presentation 2. The role of the Geological

Surveys
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The BGS and the USGS models

* The British Geological Survey
has put a value on all its data in
all its databases.

* |t will sell data piecemeal and it
will licence data out to users.

* |t protects its ownership of data
rigorously despite some data
deriving originally from the
public sector.

* Recognises income from data
can support costs of data
development and possibly
support other activities as well.

© NERC All rights reserved

The United States Geological
Survey recognises that raw
data are critically important.

It provides free access to all
comers to all of its data.

Most data are accessible via the
web, all significant data holdings
are digital.

Value added and bespoke data
collections can still be provided,
but at cost.

BGS has adopted the data for sale stance whereas the USGS prefer to give their
data away free to everybody. The USGS model can only work in a fully
government funded survey which does not have a complimentary commercial
programme running alongside its core interests. There are considerable merits
about giving data, but the truth is that few geological surveys can afford to do
this.

The USGS is also unique in that it holds much of the responsibility of the
regulator. It is, for example, responsible for environmental monitoring, a task
which in Britain falls to the Environment Agency.

Presentation 2. The role of the Geological
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National vision — public good
national interests
® Protecting the environment.
® Providing for a safer environment

®* Promoting prudent use of natural resources.

® Promoting sustainable use of renewable natural
resources.

® Maintaining high and stable levels of economic
growth and employment.

* Communicate — public understanding of science.

© NERC All rights reserved

The public good national vision is a wish list that all of us would want to see put
in place. At the top of the list would be lower personal taxes. The environmental
vision is less selfish but is equally obvious. In some countries the vision would
include wealth distribution, and support for the poor.

Presentation 2. The role of the Geological
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Commissioned research

* Needs to be of national, international or strategic
importance.

® Cannot be done better by the commercial sector
(consultants).

® Contributes to geoscience information.
* Helps develop scientific expertise within the survey.

* Enhances and extends the core strategic
programme.

© NERC All rights reserved

Provided the geological survey is careful as to what it sees as a supporting
commercial programme, it will benefit from the broader vision and from the
dialogue with the client, the consumer. The survey needs to realise that some
tasks are better done in the private sector, the methodology might best be defined
by the survey but the implementation could better be carried out by the
consultants. The bottom line is that the work should have a synergy with the core
programme — the core programme might just be to survey and understand the
land mass.
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Funding

Government Co-funded National Research
funded Interest contracts and
commissions data sales

Taxpayer Taxpayer + government  Fully funded Industry and
funded departments and government foreign
agencies, research commissions, government
consortia and public national and contracts
private partnerships international
agencies

Delivers core strategic, co-funded and commissioned research programme
outputs, plus knowledge transfer via data licensing, information sales and
public advisory services.

Capability enhancement > > > > > > >

< < < < < < < Programme enhancement
© NERC All rights reserved

This chart shows the financial relationship between the government funded core
programme and the commercial programme. It illustrates that some tasks are
best funded both by government and by the stakeholder in a cofunded or
partnership fashion. The combined programme promotes capability and widens
the breadth of the programme. It is an essential way forward for the geological
survey as tomorrow’s world requires solutions specific to industry or to agencies
which should in turn be paying directly for those solutions.
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The BGS delivery model

Geoscience resources
and facilities

Administration and
finance

Environment and hazards
Information services and
management

Marketing and
international

© NERC All rights reserved

BGS adopted the matrix system in 1999 after many others had already disowned
it. It was seen as a means of increasing corporate strength and identity and of
reducing internal barriers and even internal competition. The diagram shows the
horizontal thread of people and services (the resources) crosscutting and
supporting the vertical programme delivery thread (the geoscience).

The matrix has been successful in improving the corporate identity within BGS.
However, there are many ways of cutting a cake and the BGS model is only one
of a number of successful models. The model adopted should of course, reflect
the size of the survey, BGS has approximately 800 staff.
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Bureau, Sri Lanka

® The mission of the Bureau is to promote and
manage the mineral resources of the country. It
seeks to ensure that this mineral potential is
realised for the benefit of Sri Lanka and that
minerals are extracted in an efficient, safe and
environmentally friendly manner. The Bureau
provides expert advice to all concerned.

® Structured to commercialise the mineral sector in
the country.

®* Undertakes all geological mapping.

© NERC All rights reserved

The mission of the Geological Survey and Mines Bureau is cited by way of
example. It highlights the important contribution that mineral extraction makes
to the economy of Sri Lanka. This is an example of a survey largely dedicated to
a single purpose.
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Geological Survey of India
(Established in 1851)

® To discover, assess and augment natural resources
through intensive and extensive exploration

® To monitor past, present and future demands for
natural resources and reorient activities accordingly

® To continuously update geological database of the
land and offshore areas

* To map the country in progressively larger scale and
commensurate with changing concepts

®* To understand active geological processes affecting
man and his environment

© NERC All rights reserved

The Geological Survey of India has a much broader remit. This, however, is a
much more expensive mission to satisfy than that of the survey for Sri Lanka.
The Indian mission, is, however, more typical of many Asian missions and
encompasses the concept of change to accommodate tomorrows needs and the
need for dialogue with stakeholders.
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GSI - continued

® To play proactive role in natural and anthropogenic
hazard assessment and mitigation

® To render geoscientific advice for water resource,
power, communication and urban development
projects

® To establish and maintain a comprehensive earth
science database

®* To enhance interaction with the public for easy
access to earth science information, maps and
knowledge product

® To generate databases in the fields of environment,
water resource development, natural hazards, etc.

© NERC All rights reserved
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Drivers in the 215t century

* What are the key drivers?
* | egislative drivers derived from new laws
* Global targets, e.g. MDGs
® Technical drivers such as IT

* Demand — what geoscience solutions are needed
and in what form are they best provided, e.g.
radioactive waste disposal.

® Best protected and sustainable environment.
® Scientific development.
® Economic growth and improved standards of living.

© NERC All rights reserved

Recognising the internal scientific drivers (which we can control) and the
external drivers (which we cannot control) is essential to the geological survey in
order that it may posture itself in a state of preparedness for the next challenges.
Drivers include the insatiable demand for geoscience information as a key to
problem solving, the protection of the environment and the maintenance of
economic expectations.
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Vision for the 215t Century

® Focus data and expertise equally on the needs of
individual clients and the public good.

* Run an integrated national strategic geoscience
programme in which underpinning scientific research
is enhanced by strategic commissions, partnerships
and contracts.

* Define the programme through an ongoing dialogue
with all clients and users.

® Deliver the programme using multidisciplinary teams
and professional project management, whilst
developing staff to their full potential.

© NERC All rights reserved

This is the stated vision of the Director, BGS in his submission to the recent
Science Management Audit of the survey. The vision includes statements all of
which are obvious, yet few of us would have realised are key to our futures. The
vision collectively looks forward to a bright, successful and useful future for
geological surveys and suggests that the surveys will continue to contribute to
national wealth creation and personal well-being throughout the 21% century.
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* Provide geoscience knowledge and solutions that
help government, industry and individuals to make
correct environmental decisions.

® Develop the maximum synergy between data and
expertise through the creation of 3-D digital
geoscientific spatial models.

® Raise public awareness of the impact of geoscience
on sustainable development decisions by
communicating with all stakeholders.

® Qut sourcing selected services.

© NERC All rights reserved
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The future

Every year somebody asks the UK Parliament why do
we need a Geological Survey if the geological map is
already printed? Every year the answer is provided
that the Geological Survey moves on to respond to
current and future issues for the benefit of the nation.

Provided the Geological Surveys the world over move
on and adapt to change, be it from external drivers or
from internal scientific learning and development,
then there is an important role for the surveys in
ensuring individual well being, a buoyant national
economy and environmental sustainability

© NERC All rights reserved

If you have any queries on this presentation please contact the author whose e-
mail address is given under slide 1.
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The British Geological Survey - some
contributions to sustainable development

In geoscience and IT

Maclean Building
Crowmarsh Gifford
Wallingford OX10 8BB
Tel 01491 838800 nATURAL

© NERC All rights reserved

This presentation was prepared by Dr N S Robins in October 2003. Please
address any enquiries to nsro@bgs.ac.uk.
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Strategy towards sustainability

BGS has undertaken a number of projects in recent
years specifically addressing sustainable
development. In the water sector these include not
only the technical aspects of groundwater
development in terms of sustainable supply but also
the social problems of ownership and management
and the economic aspects of maintenance, spares,
fuel etc.

A selection of project abstracts are presented here to
provide a flavour of some of this work. Most of the
work has been funded by UK DfID.

© NERC All rights reserved
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Community management of groundwater
resources in rural India

The broad aims of the project are to:

e Assess the feasibility of applying local, user-based
approaches to groundwater management as a means
of addressing, or avoiding, groundwater depletion
problems; and

¢ Provide guidance (to a range of local, regional and
national stakeholders) on how implementation might
be approached, and on how obstacles might be
overcome.

© NERC All rights reserved

This project is built around a series of case studies, with supporting desk-based
reviews. The main case studies have been undertaken in the Aravilli Hills of
Guijarat; the Arwari Basin, Rajasthan; Coimbatore District, Tamil Nadu; and the
Pani Panchayats of Maharashtra. The case studies have allowed the impacts of
and responses to declining groundwater availability to be assessed, and the
potential for collective action to be explored.

The project is a collaborative project involving Indian and international
organisations, including: VIKSAT, a large NGO in Gujarat; the Institute of
Development Studies, Rajasthan; the Tamil Nadu Agricultural University;
ACWADAM, a Maharashtra-based NGO; the Institute for Social and
Environmental Transition, based in Nepal and the USA; the Overseas

Development Institute, UK; and the British Geological Survey. It is being funded
by UK DfID.
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Aravilli Hills, Gujarat 2002: households sell jewellery, or go into debt, to fund
speculative borehole drilling (D Macdonald, BGS)
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Preliminary conclusions

® Rapidly transforming and highly diverse situations
make a single approach for responding to
groundwater problems unrealistic.

* User-based management of groundwater requires a
set of conditions that will help users agree, monitor
and enforce rules governing groundwater access and
withdrawal, based on shared management
objectives. Case study analysis suggests these
conditions are difficult to meet.

© NERC All rights reserved

In conclusion, the ‘groundwater problem’ is not amenable to simple diagnosis
and remedy. Efforts to control groundwater use directly through top-down
regulation may be feasible on key urban aquifers where management interests
and scale overlap, but not beyond. In some (limited) rural circumstances, user-
based management may be feasible, though unlikely without strong institutions
and leadership. In many others, local initiatives building on wider economic
incentives are needed to support shifts within the groundwater economy, and
shifts between the farm and non-farm economies.
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Conclusions |l

® Literature surveys and research for the case studies
suggests that non-conventional (livelihoods-based)
responses to emerging groundwater problems can
also mitigate the impacts of such problems and may,
under certain circumstances, help create the
conditions for more proactive management.

* Community-level groundwater interventions (as
opposed to community-based management) can,
however, make a significant difference to the
availability of groundwater for livelihoods and other
uses under a much wider array of circumstances.

© NERC All rights reserved
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Augmenting groundwater
resources by artificial recharge

Semi-arid areas where rainfall comes in short intense
bursts are likely to benefit most as storage is of
paramount importance.

However, there has been little systematic evaluation of
the effectiveness of AR, and benefits are often
anecdotal. A balanced and informed perspective on
the contribution AR can make to support livelihoods,
in a range of different physical and socio-economic
settings, is therefore needed.

© NERC All rights reserved

The intensity of groundwater exploitation over the last 20 years has raised
concerns that groundwater use — and the livelihoods it helps support — may not be
sustainable. There are many areas in the developing world where simple Aquifer
Recharge technology can be used to optimise the management of scarce water
resources and hence benefit the poor.

This project is funded by the UK DfID and is being carried out in India and
Nepal.
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Methodology

» Hydrological assessment
" effectiveness of structure
" modelling
» Survey of institutional issues
® organisations and processes
» Assessment of livelihood issues
® gscale — villages and households

" asset base, strategies, outcomes and vulnerability

© NERC All rights reserved

Partners

» Vikram Sarabhai Centre for Development Interaction, Ahmedabad (VIKSAT)

» Advanced Centre for Water Resources Development and Management, Pune
(ACWADAM)

» Water Technology Centre — Tamil Nadu Agricultural University, Coimbatore
(WTC-TNAU)

> Institute of Development Studies (IDS-Jaipur)

» Nepal Water Conservation Foundation (NWCF)

> Institute for Social and Environmental Transition (ISET), Nepal & USA.
» UNESCO, India Office
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One of five research sites, this one at Coimbatore, Tamil Nadu, India. The others
are at Aravalli Hills, Gujarat, India; TBS Rajasthan, India; Kolwan Valley,
Maharashtra, India; and Kathmandu Valley, Nepal (David Macdonald, BGS)

Presentation 4. The BGS - some
contributions to sustainable development

10



British
@ Geological Survey

Guidelines for assessing the risk to
groundwater from on-site sanitation

* The improvement of water and sanitation is driven by
the need to reduce the incidence and prevalence of
infectious disease caused by pathogenic micro-
organisms.

* In its natural state, groundwater is usually of good
microbiological quality and as a result is often the
preferred source of drinking water supply.

* However, contamination of groundwater supplies may
result either from contaminants moving through the
aquifer or via pathways resulting from the design and
construction of the supply (localised contamination).

© NERC All rights reserved

More than 1 billion people around the world still lack access to safe water
supplies and more than 2.4 billion are without adequate sanitation. A substantial
majority of these people live in Asia where the lack of sanitation provision is
particularly acute. In Africa, over one third of the population still remains
without access to safe water and sanitation, and many of these can only be served
by groundwater.
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Step 1: Collect background information Step 1: Assessment of sanitary condition of surface
Step 2: Assess attenuation within unsaturated zone

Need to consider
sanitary
completion and
maintain nominal

separation
between latrine
and viter supply
Step 3: Assess attenuation with depth below water table Step 2: Assessment of sanitary condition of well below
surface
iments
unlikelyto be
fractured and will Options Is an adequate
completsing the Borehole - sanitary seal °
borefole ata feasble: selectvertical 2
depth allow separation installed?
suffcient

Is cost of alternative
drilling method/
design which permits

installation of

Options thod

Risk is low or very low. [ «—| "“';.im,,;':‘j‘“'?,ﬁ ‘_®

design/construction is installation of
acceptable sanitary seal

Step 4: AsseSs attenuation with lateral separation in aquifer

Ave distances requited for Options- select horizontal

removal of miciobes to ( : ) spaminteen i

mpatible ith e By 1) accept residual risk and install
compatible with avail

munity choice’

screen as deep as possible
2) consider alternative ater
supply or treated water supply

‘Options where residual risk remains

1. acoept the risk but instigate an increased level of monitoring

2. investiate sanitation design options tht reduce the level of
contanination eaching

3. eatthe water supply

4. investin off-ste water supply or waste reatment

seek specialist advice and
reconsider borehole design.

© NERC All rights reserved

Pathways will always exist in the subsurface that provide a link between the
sources of contamination and the groundwater supply. However, natural

(attenuation) processes in the subsurface can significantly reduce contaminants
concentrations.

The key processes in the attenuation of microbiological contaminants are:
*Die-off and predation
*Adsorption
*Filtration

*Dilution/dispersion
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Conclusions

* There are two principal routes by which boreholes,
wells and springs may become contaminated by on-
site sanitation systems - via the natural vulnerability
of the aquifer to pollution or via a pathway created by
the poor design or construction of the groundwater

supply
* Monitoring is an important and integral part of any

water supply and sanitation programme and is an
essential component of the risk assessment process.

© NERC All rights reserved

Monitoring is required to:
Provide confidence in design
Establish cause of contamination, wherever contamination is observed
Ensure supply meets drinking water standards

Observe water quality trends with time
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livelihoods

* Droughts affect livelihoods in inter-related ways,
cutting across sector perspectives and disciplines.
Drought management focuses almost exclusively on
food needs. Other dimensions of vulnerability,
including the water availability, access and use
constraints that determine household water security
receive less attention, despite evidence that access
to safe water is a major problem.

* Food and water security are related.

* Maps depicting groundwater availability during
drought developed on the project provide useful
awareness raising and planning tools.

© NERC All rights reserved

Drought is a recurring event in Africa. The current drought, affecting large
swathes of eastern and southern Africa, is not exceptional. For many, drought is
associated with food insecurity: rains fail; crops wither; food supplies dwindle;
entitlement to food declines and people go hungry. The response, on the part of
government and donors, is typically food aid ‘to save lives’. Yet food insecurity
is not the only concern during drought, and is not an isolated concern. One of the
principal aims of this report — a synthesis of over four years research — is to show
how livelihoods are affected by declining access to food and water, with access
to both linked in a number of important ways. Implications for policy — to protect
livelihoods before lives are threatened — are highlighted.

The project was funded by UK DfID and was partnered by Wateraid.
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Correctly sited wells can be
sustainable - even in highland

areas Groundwater often flows through
highly fractured lava and permeable
S

palaeosois between lava flows

Groundwater discharges through
springs in highland areas

River flows are
sustained by
groundwater

R R \

Groundwater can flow verticalty Some volcanic rocks are Boreholes penetrating
through fautts and fractures more fractured than others, fractured lava are successful
or have intrinsic permeability -

these allow groundwater to flow

§  Spring more easily within them.

=~ Groundwater flow

© NERC All rights reserved

Availability of groundwater in the volcanic rocks that characterise this area of
Ethiopia depends largely on the presence of fractures. The top and bottom of lava
flows, particularly where they are associated with fossil soil horizons, are often
highly fractured and weathered; towards the middle of the lava flows, the basalt
tends to be more competent and less fractured. The interconnected fractures and
cavities provide rapid, discrete flow paths, with groundwater often discharging as
springs at impermeable boundaries

Presentation 4. The BGS - some
contributions to sustainable development

15



% British
BEG5) Geological Survey

TURAL EMYIROMMENT RESEAR:

B8  Groundwater
. O availability
> [ during drought
]
E=
=
||

[ Nodata (lakes)
=== Regional boundary

© NERC All rights reserved

National maps, in this case, of Ethiopia, cannot be used to provide anything other
than an indication of where targeting should take place, in conjunction with other
tools. Regional mapping, however, could provide a much more powerful tool for
targeting the kind of activities described above to water insecure areas, especially
if linked to the kind of local level water security analysis described below.
Investment in higher resolution maps, linked with training in the use of map
information, can generate significant (and quantifiable) benefits.
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Drought proofing

®* Ensuring that the service options offered to
communities are sensitive to local hydrological and
hydrogeological conditions, and can provide a
reliable source of supply during drought.

® Ensuring that wells or boreholes are located in the
most productive parts of the aquifer.

® Constructing sufficient sources in a village to meet
peak demand.

® Sinking deep ‘relief’ boreholes in the most favourable
hydrogeological locations — perhaps away from
villages - which can be uncapped and used in
emergency situations.

© NERC All rights reserved

The droughts of 1973, 1984/85 and 1998 were identified by communities as
being particularly severe. Though the level of rainfall in 1998 was reported to be
as low as that in 1984/85, impacts on communities - particularly their food
security — were not as severe due to the greater preparation for food shortages by
government.

Interviews with a range of informants suggested that drought is an extension and
intensification of seasonal water shortages in most communities, rather than an
event with its own pattern of shortage. It is, in effect, an acute version of the
chronic water insecurity felt by households during dry season periods. Indicators
of such stress include longer time taken to collect water (over 5 hours in some
cases) due to reduced yield combined with increased demand, the use of poorer
quality sources, either due to absolute unavailability of other sources or the closer
proximity of poorer quality sources, and reduced consumption of water within
the household. These behaviour patterns all impact on the livelihoods of
households.
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Collecting water from a spring in Ethiopia (R Calow, BGS)
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areas

This presentation concludes with a quick review of
some other geoscience initiatives using BGS as a
model:

° IT

® Coastal management

®* Minerals

* Energy

* Hazards and Disasters

®* Human resource development

© NERC All rights reserved
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IT — Information management

®* To manage all BGS information

® To store the information in appropriate environments
to assure its long term potential

® To ensure that appropriate metadata is provided for
datasets and records

® Create a system in which all records and collections
can be found rapidly

® Build user confidence by maintaining datasest to
agreed standards

* Digitise analogue records

© NERC All rights reserved

The geoscience geospatial database which is a 3-D model is a key development
for which the system for integrated geospatial mapping will be the means of
interrogation.

Corporate software developments include ESRI Arc8 for cartographic services,
Oracle 91 portal services and B2B and B2C web services with click-pay and
Virtual Private Network technologies.
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Coastal Management

Considers problems related to coastal geoscience and

climate change:

coastal change, erosion, accretion and flood
management

Coastal contamination and land ocean-interactions of
materials

Preservation of natural coastal resources (habitats)
The role of natural climatic drivers

Managing the impacts of climate change
Integrated coastal management

© NERC All rights reserved

In the coming years the formulation of integrated coastal zone management

through EU and other Directives may become increasingly influential. The BGS
programme seeks increased involvement in integrated science programmes, a s

well as initiatives with other suppliers of coastal data such as the UK
Hydrographic Office.
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Minerals

® Delivery of up to date information on mineral
resources — metallic, industrial, construction and coal

® Development of new approaches to mineral resource
assessment exploration and life-cycle planning

® Provision of UK-wide geochemical baseline
information for all resource and environmental
applications.

* Develop a scientific understanding of natural and
anthropogenic geochemical environment and mineral
processes

© NERC All rights reserved

This programme has developed a wide range range of links with stakeholders
keen to provide strategic solutions to key policy issues relating to land use and
the supply, demand and transport of mineral commodities.
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Energy

The Continental Shelf and Margins programme delivers
support to the oil industry. Its remit is to provide
strategic information and research on all aspects of
the continental shelf and ocean margin including;

® Seabed properties

® 3-D geology and structure
® Tectonic evolution

* Energy resources

®* Geohazards

© NERC All rights reserved

Current focus is the Atlantic margin, including 3-D structural and stratigraphic
analysis, deep water sedimentary processes and geohazard. The programme has
developed very strong links with the oil industry. BGS is not currently engaged
in research into other facets of energy.
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Hazards and Disasters

Geohazard is an integral part of BGS activities and is
concentrated within the Urban Geoscience and
Geological Hazards Programme.

The objectives are to provide the user community with
information on, and solutions to problems, with
ground conditions and land quality, particularly in
urban areas.

Problems include 3-D modelling of the shallow
subsurface, likely occurrence of geological hazard,
geotechnical and engineering characteristics of rock
and soil, and physical and engineering properties of
materials.

© NERC All rights reserved

BGS rarely gets involved with disaster other than investigation into collapse or
landslide.
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Human resource development

® Corporate staff development strategy — a
development training programme ensuring that the
staff has the necessary skills to deliver effectively
managed, high quality science in the national and
international interest.

® Close links with universities — sponsor of post-
graduate research, etc.

® Active in promoting geology as a career
® |n service training.

® Active participant in Continuing Professional
Development.

© NERC All rights reserved

Training and development is an important part of any Geological Survey. BGS
also runs courses on a wide range of geoscience topics for both internal and
external candidates,. Courses may be tailored for different audiences and are run
all over the world. BGS staff are also active in providing lecture course modules
to universities.

Presentation 4. The BGS - some
contributions to sustainable development

25



& British
BEG5) Geological Survey

MATURAL ENVIROMMENT RESEARCH COUNCIL

Bangladesh (Jeff Davies, BGS)
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Water — the Future

A role for the Geological Surveys

Maclean Building

Crowmarsh Gifford

Wallingford OX10 8BB

Tel 01491 838800 N aTumAL

© NERC All rights reserved WRR, neseancr councr

This presentation was prepared by Dr N S Robins at BGS. It is based partly on
the water section of the BGS Horizon Scanning Report (2003) prepared by Dr D

W Peach.
It included photographs by Jeff Davies taken in Sri Lanka and Bangladesh.

Any enquiries regarding this presentation should be sent to nsro@bgs.ac.uk .
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Drivers

Underlying drivers of research on groundwater
systems and water quality are easily defined
and have been articulated many times by
politicians, regulators, funding agencies and
scientists.

They differ slightly for stakeholders in UK and
Europe (or the developed world) compared to

the developing world, particularly in Africa
and the poorest countries in the world.

© NERC All rights reserved

A driver may be a target like the Millennium Goals, a piece of legislation , like
the European Water Framework Directive, or a global wish — poverty reduction,
sustainable environment etc.

Although political drivers derive from local, regional or global politics they are,
for the most part, reasonably uniform across the world.
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Drivers for Europe

* Environmental sustainability, in particular a desire to
balance ecological need and anthropogenic
requirements and economic growth — regulators,
Government, public.

® Value for money and value for the customer —
industry economic regulators, water companies,
public.

® Clean up of pollution — regulators, industry.

* Climate change prediction — regulators, Government,
water companies.

© NERC All rights reserved

The drivers for Europe centre around the EU Water Framework Directive which
is currently being implemented by member states. It adopts a holistic catchment
management approach and encompasses all the obvious political demands of the
21 century.

The Water Framework Directive will require characterisation of groundwater
bodies by December 2004 and the subsequent designation of quantities and
chemical status of groundwater and surface water.
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Drivers for Developing World

* Poverty reduction, via sustainable livelihoods
— Africa, Bangladesh,Sri Lanka, etc.

* Water security — Middle East, desert/dry
countries.

® Agricultural development — Middle East,
South Asia.

® Sustainable cities — Pollution beneath cities,
particularly megacities — Hanoi, Bangkok,
Delhi, Dhaka, Calcutta, etc.

© NERC All rights reserved

Poverty reduction and water security are two key components in support of the
UN Millennium Development Goals. To a large extent the two go together; safe
and potable water is needed to sustain the family but additional water is needed
to provide a livelihood, be it brick making, gardening or animal husbandry.
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Hand drilling in Bangladesh (Jeff Davies, BGS)
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Policies and Directives - Europe

* EU Water Framework Directive and
Groundwater Directive

® Achieve good quantitative and chemical
status by 2015, and reversal of poor quality
trends or falling water levels.

* Management on catchment basis in an
integrated and multidisciplinary fashion to
achieve ecological sustainability in surface
water.

© NERC All rights reserved

See http://europa.eu.int/comm/environment/water/water-
framework/index_en.html for more information.
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Policies - Europe Il

* Policies of the environmental regulators

® To develop catchment abstraction management
strategies by 2006 in England and Wales

* |ntroduction of competitive trading of abstraction
licenses, and time limited licensing.

® Policies of the water industry economic regulators
® Driving down costs to the consumer.

© NERC All rights reserved

Individual regulators and the water supply industry devise their own policies in
line with incoming Directives from the EU. The regulators are the recognised
national implementers of the Directives, whereas the water industry needs to
comply with the regulators interpretation of the Directives.
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Policies — Developing World

® Millennium Development Goals (particularly poor countries)

* Halve the number of people without clean water supply (and
sanitation) by 2015.

® All countries to have catchment management plans by 2005.

* National policies for water/agricultural security, i.e. Middle East,
South Asia, for each country.

* Relatively rich developing countries wish to use more and
more water for improved living standards, usually by
agricultural development.

* Community management of water resources and water supplies
— require integration of science, social science and economics.

© NERC All rights reserved

The Millennium Development Goals rely heavily on groundwater development
and groundwater protection to be achieved. However, the MDGs come with no
new money and require to be implemented under existing resource constraints.

They remain a useful challenge for the hydrogeological community.

Decentralisation and community based management provide some interesting
problems. Although they place ownership firmly at the door of the community,
they remove the coordination that was previously possible through central or
regional control. Solutions lie in the integration of the technical social and
economic issues so that support can be provided at village level through a proper
reporting hierarchy.
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Millennium Development Goals

“We will spare no effort to free our fellow men, women, and children from
the abject and dehumanizing conditions of extreme poverty, to which
more than a billion of them are currently subjected”

® Eradicate extreme poverty and hunger

® Achieve universal primary education

* Promote gender equality and empower women
® Reduce child mortality

® Improve maternal health

® Combat HIV/AIDS malaria, and other diseases
® Ensure environmental stability

® Develop a global partnership for development

© NERC All rights reserved

See http://www.developmentgoals.org/ for full details of the MDGs and of the
September 2000 UN Millennium Summit.

The MDGs clearly have implications for water supply and sanitation that need to
be taken aboard by all practicing hydrogeologists and hydrologists.
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Gem pit in Sri Lanka (Jeff Davies, BGS)
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Climate change

Issues:

* More extreme events such as floods and
droughts

* Desertification
* Changing sustainable resources

Climate change must be a policy line for all
countries. Either they must address climate
change or they must bend with it.

© NERC All rights reserved

Climate change or increased climate variability is a phenomenon that is affecting
us all. Consequences included changed effective rainfall, changed rainfall
patterns and changed groundwater and surface water resource potential. This has
clear implications for planners in countries where flood or drought events have
become endemic.
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Deliverables - Europe

®* Management tools — decision support, etc.

* Models including integration between hydrogeology,
hydrology, ecology and socio-economics.

* Methodologies for developing strategies for
monitoring, investment, etc.

® Data — easily accessible, consistent,accurate and
useful data, as well as value added data.

* Methodologies for implementing the EU Water
Framework Directive.

© NERC All rights reserved

Forthcoming deliverables in Europe include those needed to satisfy the EU Water
Framework Directive, but also make easy tools so that non-specialists can make
technical decisions using decision support systems. The latter brings with it a
culture of doming down hydrogeology. Integration of hydrogeology within a new
overall science of “catchmentology” may further reduce the profile of
hydrogeology.
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Deliverables — Developing World

* More sustainable water supplies to achieve
Millennium Development Goals

® Capacity to develop water resources, planning and
monitoring

® Catchment management plans.
® Greater efficiency in management of water resources

® Protection from pollution and conservation of
resources

® Security of supply

© NERC All rights reserved

Clare Short, UK Secretary of State for Overseas Development said at the
Johannesburg Summit in September 2002 that the time for talking had finished
and the time time for action was now. Key action is the delivery of sustainable
safe and potable water supplies to all communities the world over. This requires
planning, catchment management, efficiency of water use and protection from
pollution.
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Pump house, Bangladesh (Jeff Davies, BGS)
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Knowledge gaps - Europe

® Accurate calculation of recharge

® Understanding flow and transport in the unsaturated
zone

® Biology of groundwater at soil/water interface and at
the aquifer/water interface

* Development of greater integrated conceptual
understanding of catchment flow regimes and fluxes

®* Mechanisms and transformations in
groundwater/surface water interaction in the
hyporheic zone

© NERC All rights reserved

These areas of uncertainty are not unique to Europe. The first, that of recharge
calculation, is a universal problem that can only usually be solved by expensive
data collection, analysis and modelling.
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Knowledge gaps — Europe Il

® Understanding generation of runoff and spring flows
and the role of groundwater

® Groundwater flooding issues, and the role of
groundwater in overland (apparently surface water)
flooding

* Groundwater and health issues, including fluoride,
arsenic, selenium and organics (including pesticides)
and issues of ecotoxicology and groundwater.

© NERC All rights reserved
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Developing World

® [ntegration of socio-economics (sustainable systems)
with water science

® Understanding of groundwater systems

® Groundwater and health, in particular arsenic and
fluoride.

* Application of existing science and appropriately
trained staff

® Recognition of the value of information and data and
the need to organise data holdings

© NERC All rights reserved

The developing World has the same knowledge gaps as Europe. In addition it
has the specific areas of uncertainty shown in this slide. The basic premise
remains the application of existing technology by appropriately trained
personnel.
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UNICEF down-the-hole hammer drilling rig in Sri Lanka (Jeff Davies, BGS)
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Methodologies - Europe

* Improved data and first order interpreted data quality and
accessibility.

® Use of time series statistics and geostatistics for
development of decision support tools.

® Time variant multi-dimensional models using new
technologies.

® |ntegration of chemical models with groundwater flow
models.

® Development of methodologies to cope with problems of
scale.

* Development of methods for coping with heterogeneity
and uncertainty.

© NERC All rights reserved

Improved data access includes data such as lithology, thickness and type of cover
and soil.

New technologies for time variant multi-dimensional models include integration
with stochastic approaches and new code such as object oriented code.

Problems of scale include upscaling such as fracture to catchment, and down
scaling, such as years days minutes seconds.
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Methodologies — Developing
World

As for Europe, plus:

* Affordable, easily accessible, useable and reliable
data systems.

® Monitoring systems.

® Groundwater development and management
strategies, e.g. demand responsive.

® Co-ordination of work of NGOs.

© NERC All rights reserved

The role of data is so often under-estimated. Data needs to be accessible and
available in a user friendly form. It is commonly stored on a geospacial database
such as a GIS so that useable reports can be produced on a geographic basis. If is
not accessible it will not be used.
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Triple piezometer observation borehole in Bangladsh (Jeff Davies, BGS)
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New technology — a wish list

* New downhole tools to understand flow and
transport.

®* Remote sensing for monitoring.

* Numerical models used iteratively to interrogate
conceptual models.

® Direct geophysical measurements of recharge.
* |ntegrated catchment models.

© NERC All rights reserved

Down hole geophysical tools could be developed to measure parameters used in
modelling flow and transport. Examples of recent developments include
chemical sondes and video scanning.

Remotely sensed monitoring could be satellite monitoring of drought conditions
or of floods.
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A role for the Geological Surveys

The Geological Surveys need to deliver the
requirements of the 215t century. In collaboration with
Departments of Water they remain the key instrument
between government and the applied world to guide
the development and management of groundwater
resources for the satisfaction of the world’s poor.

The Geological Surveys have a vital role to play in the
reduction of poverty and the increased well-being of
the people.

© NERC All rights reserved
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35 million people drinking water with > 50 ug/L As
Problem worst in SE Bangladesh

Processes leading to arsenic release and transport are not
well understood quantitatively

Short-term solutions include well switching/potable vs non-
potable wells, (treatment)

Long-term solutions include finding a low As source
(rainwater, shallow dug well, deep well, treated surface
water)

No universal solution
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vulnerable to contamination with arsenic as a result of natural

PR EEES geochemical processes and problems can be exacerbated by mining

Vacancies activity. Even natural concentrations of arsenic in groundwater can limit

What's New its suitability for drinking.

It is now apparent that arsenic contamination of groundwater is quite
extensive. In the last eight years, BGZ has undertaken a series of
collaborative investigations into the arsenic contamination of groundwater
in warious countries. These investigations have included both ‘mining-
related' and ‘natural' sources of arsenic contamination. Many of these
have been undertaken with support from the UK Department for
International Development (DEID.

keratosis sufferer

DFID

Bangladesh Phase 1 Bangladesh Phase 2

Ghana Arsenic Contacts

| Bangladesh claims against the British Geological Survey |

HATUIRAL
ENVIROMMENT
RESEARCH COUMCIL

Infarmation regarding the copyright of BGS material and the BGS Privacy palicy.

S <5 1 E

=] L] 4 ntemet



il
35 l\
g

‘ ||I|"|
" W
i

| LI
)
g

l,"?l

: lll )

[y

|
I

=

w
Q

—

=

=

— ¥ 3
ERIS

Minimising fluoride in drinking water in
problem aquifers

DFID KaR project: R8033

Maclean Building
Crowmarsh Gifford
Wallingford OX10 8BB www.bgs.ac.uk

Tel 01491 838800




Fluoride in drinking water




Project objectives

Investigate the spatial distribution of fluoride In
groundwater

Investigate causes of high fluoride in water
Assess degree of predictability

Provide practical guidelines on well siting and
construction to alleviate the problem

Ultimately — improve community health




Partners

British Geological Survey (Wallingford, Edinburgh)

University of Dar es Salaam (Tanzania)

University for Development Studies (Ghana)

WaterAid (Tanzania and Ghana)




Phase |

Aug 2001 — Dec 2002

Collate existing fluoride data

Carry out reconnaissance field studies of
selected areas - Ghana and Tanzania

Training of local partners including MSc
student (Tanzania)

Complete report on initial findings




Study areas

Ghana
Bolgatanga area, Upper East

Semi-arid, mostly rural

Groundwater - dominant source of water
Dug wells, boreholes

Hard rocks (granitic, metamorphic rocks)
Weathered overburden

Dental fluorosis




0°45'

Quartz Reef Fluoride (mg L'1)
Bongo granite and related intrusions 07

Minor intrusive 07-15
Voltaian

Mixed granodiorite, adamellite and gneiss associated with Birimian 1.5-20
Birimian metavolcanic and metasediment >2.0
m— AU

Fluoride in groundwater,
Bolgatanga, northern Ghana
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Study areas

Tanzania
Singida-lramba-Igunga

Semi-arid - water scarcity

Groundwater dominant (wells, boreholes)
Dugouts, ponds and lakes

WaterAid water-supply programme

Dental fluorosis
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Fluoride concentrations in various water sources

- Borehole
B min, 25%, median, 75%, max

__ Dug well
/pit

& Stream H WHO Guideline value
III -+ Spring

é Rainfall

n= 4 2 79 1

Relationship between fluoride concentration
and water source, central Tanzania
11 -




Fluoride-bearing minerals in the
Bongo Granite, Ghana




apatites

Fluoride-bearing
apatite in granite,
Tanzania




Other elements of health concern

® Ghana
* U, NO,, NO,, As

* U: 10% > WHO guideline value

* Tanzania
* U, NOg, Ba, As, Mn, Se, NO,, B, Mo, Ni, Pb

* U: 69% > WHO guideline value

* Salinity also a common problem

&
¥,






