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Welcome to UPGro

“Unlocking the Potential of Groundwater for the Poor (UPGro), is a
seven-year international research programme funded by the United
Kingdom. It focuses on improving the evidence base around
groundwater availability and management in sub-Saharan Africa (SSA)
to enable developing countries and partners to use groundwater in a
sustainable way in order to benefit the poor.

UPGro projects are interdisciplinary, linking the social and natural
sciences to address this challenge. They will be delivered through
collaborative partnerships between the world’s best researchers. The
programme’s success will be measured by the extent that its research
generates new knowledge which can be used to benefit the poor in a
sustainable manner.

For everyone involved this is a really exciting opportunity to
undertake great science and make a positive contribution to
addressing SSA's water crisis. The Catalyst Projects ran for one year
and have established UPGro's dynamic approach to research and
impact. This report presents just some of the highlights so far and
glimpses of what is to come. We hope that it inspires you to join us on
this important journey.”
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Professor Declan Conway

Grantham Institute on
Climate Change &
Environment, LSE

Chair of the Programme
Executive Board of UPGro
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This report

This report summarises the contribution to groundwater knowledge of the 15
catalyst projects funded through the UPGro programme between 2013 and
2014, plus the The Africa Groundwater Atlas and Literature Archive.

The projects worked in 12 individual countries (see next page - some
countries had more than one project), and three had an Africa-wide focus or
component.

At the time of writing two of the 15 projects are still running (Velasquez-Orta
and Colombo). The Groundwater Atlas project will also continue as a major
archive of African groundwater information.

Four Catalyst projects were awarded larger ‘Consortium’ grants to continue
the work in more depth from 2015 — 2019*.

Please cite this report as UPGro (2015) UPGro Catalyst Projects: Synthesis and
(ndividual project summaries. April 2015. 40pp. www.rural-water-
supply.net/en/resources-top/details/658

*There are five Consortium projects (see page 34) as one non-Catalyst project was accepted through an open call.
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Report structure and format

The first part of the report presents the synthesis and overall findings — an
overview of the different ways in which the projects have contributed to
groundwater knowledge.

In the first part of the report individual projects are referred to by the name of
their Principal Investigator (PI)*.

The second part of the report contains one-page summaries of each of the 16
projects.

It is intended that the format and style of the report will make it accessible both
to readers with substantial knowledge of groundwater, and to those for whom it
IS more mysterious.

*Two of the Pls share the same surname, so in these cases their first names or first initials are used for clarity.
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Synthesis: methods and tools

m Two projects (Lapworth, Velasquez-Orta) explored the use of novel water
quality testing methods, with the latter designing a new biosensor to do so.

m Four projects (David MacDonald, van der Leeuw, Gowing, Colombo)
developed modelling frameworks for resource development and
management.

m One project (Gowing) used community-level monitoring of water
resources.



Synthesis: data and information

All projects generated data, but of particular note,

One project (Taylor) identified 25 continuous or near-continuous long-term
groundwater level data-sets from around Africa.

One project (Chilton) generated down-hole and social / management data on
abandoned boreholes-with-handpumps.

One project (Alan MacDonald) assembled and reviewed more than 200
groundwater recharge studies.

Three projects (Lapworth, Wright, Smedley) generated groundwater quality data-
sets.

Two projects (Hope, Obando) generated data on water demand, use and welfare
indicators.

One project (Colombo) generated structured and codified datasets of
stratigraphic borehole logs, allowing an automatic analysis of hydrogeological
parameters.

The Africa Groundwater Atlas / Groundwater Literature Archive project indexed
more than 5000 documents, many with links to full text documents or abstracts.
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Synthesis: subject matter

m Most projects focused on groundwater resources or quality in the context of
domestic water use by the poor.

m Six projects (Obando, Hope, A. MacDonald, D. MacDonald, Wright, Taylor)
explicitly considered future threats from environmental degradation,
population growth, increasing demands and climate change.

m Only one project (Gowing) explicitly focused on shallow groundwater for
productive use.

= One project (van Steenbergen) examined the interaction of roads and
groundwater.



Findings: groundwater resources

Information on groundwater resources is patchy in Africa, but some good data-
sets, maps and other materials do exist (Taylor, A. MacDonald, Lapworth,
Wright, Smedley, Colombo).

It is evident that renewable groundwater resources are limited by rainfall amounts
and their distribution over time (A. MacDonald, Taylor). In relatively dry climates it
is more appropriate to report recharge on a decadal basis than as an annual
average.

Groundwater resources in the Basement Complex may be limited and scarce
locally, but this is not always the case (Burgess).

Competent borehole site selection and evaluation of groundwater resources
are both important in order to deliver sustainable yields (Chilton, Burgess).
Systematic analysis of hydrogeological context is essential for identification of
suitable drilling locations (Colombo).

Climate change will alter the local water balance, but its impact on groundwater
recharge is likely to be very location-specific (A. MacDonald, Taylor).
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Findings: groundwater quality

= Groundwater is often highly corrosive, and so the careful selection of
suitable borehole lining and water pumping materials is very important
(Chilton).

m Peri-urban groundwater quality is compromised, and the situation is likely to
worsen. Nevertheless many consumers are dependent on such unsafe
waters (Lapworth).

= Novel water quality techniques hold some promise for easier and more
cost-effective measurement and monitoring (Lapworth)

» Geogenic contaminants (such as fluoride) pose difficulties for water supply.
None of the available mitigation options is without disadvantages (Smedley).
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Findings: developing groundwater

= Weaknesses in siting, design and construction (made worse because of
poor supervision of contractors) result in many boreholes coming into
service which should never have been commissioned (Chilton). This results in
high rates of abandonment.

= Novel ways of thinking such as combined roads / water planning and
design (van Steenbergen) still remain to be explored.

» Combining data sources such as indigenous and “scientific” knowledge
(Gowing); and remotely sensed and down-hole data (Colombo) offers real
synergies.



Findings: risk, uncertainty and change

= Modelling the future is only as good as modelling of the past. There are still
significant uncertainties inherent in combining land, water and climate
modelling (D. MacDonald).

= Groundwater resources are at risk from environmental and demographic
change. The services they provide are therefore also at risk (Obando, Hope,

D. MacDonald).



Findings: groundwater governance

m Water users are enthusiastic and competent participants in groundwater
management (Obando, Gowing).

» Information and participation hold the promise of better water
management (van der Leeuw).

m Sustainable groundwater management requires the collaboration of
domestic water users, agro-industry, mining and other large-scale users, and
public authorities (Hope).

m There is willingness for Africa-wide collaboration among groundwater
scientists and civil servants (Taylor).



Synthesis: catalyst projects overview

At the outset of the UPGro programme, this statement was made:

The quantity and quality of groundwater in Africa, and its spatial and temporal variability, are
inadequately understood. This poses problems for the design, implementation and sustained
management of water supply systems which use groundwater. These challenges are exacerbated
by variability and change in the factors which determine groundwater availability.

At the end of the catalyst phase, and as five consortium projects are about to begin, the
following major achievements have been realised:

Data-sets on groundwater quantity and quality have been put together.
A substantial body of documentary data and maps has been assembled.
New tools and methods have been developed and trialled.

There is clearer understanding of the need for multi-stakeholder collaboration in
groundwater governance.

Professional networks have been built and strengthened.

Links between hydrogeology and other natural sciences, the social sciences, and the key
issues pertaining to groundwater governance have been forged.



INDIVIDUAL PROJECT
SUMMARIES




The Africa Groundwater Atlas and Literature Archive

The problem Much of the data and information that already exists about groundwater in Africa
is not available to the people who could make use of it. This project aims to address that
problem.

Key findings The Atlas and Archive will be of use to The approach Development of a
practitioners, researchers, policy makers and decision literature archive and an Atlas of
makers. The development and publication of the atlas will  groundwater maps.

also involve many African groundwater scientists and be a
platform to both publicise their knowledge and to deposit
and secure their research and data.

Being web-based means the Atlas and the Literature www.bgs.ac.uk/africagroundwateratlas
Archive can be quickly updated and grow as more

information becomes available. However, to maximise

accessibility where internet connections are poor, the first ~ Where? Africa-wide.

edition of the Atlas will be supported by a hard copy

Africa Groundwater Literature Archive



http://www.bgs.ac.uk/africagroundwateratlas/index.cfm

Hidden crisis: the causes of failure in rural groundwater supply

The problem Rural water boreholes with handpumps suffer high failure rates. Understanding
the causes of these failures is necessary to carry out more effective service provision

The approach A conceptual
framework involving symptoms,
causal factors and underlying
conditions. Field studies
including community meetings
and detailed borehole /
handpump inspections.

Key findings Low yield and poor water
quality are symptomatic of poor siting,
construction and materials selection.
Underlying causes lie in poor practices
of implementing agencies, and
especially the lack of competent
construction supervision.

Dominant symptoms of failure

W Poor yleld {year
round)

W Poor quality (year
round)

mPooryed 8 pour Where? Uganda

mSeasonallty (ylekd & .
qualty) Awarded consortium follow-on grant

W Mechan|cal fallure
Pl: John Chilton, IAH, jchilton@iah.org




Building understanding of climate variability into the planning of
groundwater supplies from low storage aquifers in Africa (BRAVE)

The problem Increasing water demands set in a context of variable climate and changing land
use, together with dependence on low-storage, low-yield aquifers.

The approach
Application of linked land
surface and groundwater
models to assess impact
on groundwater supplies
of periods of reduced
recharge; investigation of
sensitivity of groundwater
recharge to key climate
and land use controls;
development of
stakeholder networks to
examine planning needs
and support decisions on
groundwater
development.

modeled

recharge

Key findings Although the study
shows that the land surface model
used needs development to
incorporate all the key processes,
initial findings confirm that annual
groundwater recharge can be highly
variable. The impact of this
variability on the continuity of
supply during drought depends on
how non-pumped water discharges
from these low storage aquifers!

Where? Burkina Faso, Ghana

Awarded consortium follow-on grant

Pl: David Macdonald, BGS,
dmjm@bgs.ac.uk



GroFutures: Groundwater Futures in Sub-Saharan Africa

The problem Despite the importance of groundwater for growth and development, substantial
uncertainty concerning the renewability, accessibility and management of groundwater

resources remains.

Muiti-decadal groundwarterdevel records in Africa

B T
S————

— e

Above: location of ten long-term
groundwater level data-sets.

Right: monitoring water levels in the
Makutopora wellfield, Tanzania.

The approach Quantifying changes in groundwater demand
and supply. Development of an interdisciplinary, pan-African
consortium to prepare a consortium research proposal for
more in-depth research. ldentifying long-term groundwater
data-sets.

Key findings Multi-decadal groundwater level time series
have been compiled. A strong collaborative network has
been established to take the consortium research forward.

Where? Ethiopia, Ghana,
Tanzania, Uganda, Africa-wide

Awarded consortium follow-on grant

Pl: Richard Taylor, UCL,
richard.taylor@ucl.ac.uk



Groundwater risks and institutional response in rural Africa

The problem In locations with limited groundwater resources, but where large-scale demands
are increasing, the question arises as to how groundwater can be sustainably managed to the
benefit of both the wider economy and the rural poor. Can water risks be managed for both
growth and development?

The approach A case study in Kenya, involving
hydrogeological assessments, handpump monitoring,
a household survey to inform understanding of water
poverty, and key informant interviews and focus
group discussions to understand groundwater
governance.

Key findings A great deal of
data regarding ground-water
level and quality, water use,
health and indicators of welfare
has been generated. An inter-
disciplinary Groundwater Risk
Management Tool has been
proposed for development in the
consortium phase.

Where? Kenya

Awarded consortium follow-on grant

Pl: Rob Hope, Oxford University,
robert.hope@ouce.ox.ac.uk




Assessing Risk of Investment in Groundwater Resources (ARIGA)

The problem Groundwater investments are often pursued without adequately considering the
associated risks. These investments then frequently fail to meet their development objectives. A
broader, inclusive socio-hydrological approach is needed.

The approach The case study involved a proposed 110km pipeline from boreholes at
Habaswein to the town of Wazir. The hydrological, social and financial risks were examined
through stakeholder engagement, modelling and social surveys.

Net present value (million USD)

Key findings Investment risks w0 s o e o w0 o

were judged to be high as a | TR

reSUIt Of riSkS Of Salinisation, H Habaswein E
Pipeline communities

socio-political risks and lack of
knowledge. Stakeholders with
opposing opinions
appreciated the risk
perspective offered and the
opportunity for dialogue.
They indicated that better
informatign might ass.is’.c them e PI: Jan der Leeuw, ICRAF
to reconsider their opinions. w00 o ww o eeyw@cgiarorg

Net present value (million USD)

Downstream All risks
scenario

Stakeholder group
S

Stakeholder group

Where? Kenya

Cooperation
scenario




Domestic groundwater safety in Kisumu, Kenya

The problem As urban populations outgrow the ability of utilities to supply piped water, the
growing dependence on privately developed urban groundwater raises questions of water
safety for consumers.

The approach Examination of past records of groundwater quality, field studies of present
water quality, and projections and expert modelling of possible futures.

2002 _04 20 1 4 a) Baseline - thermotolerant coliforms
a) Baseline survey b) Follow-up survey
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0 20 40 60 80 100 0 20 40 60 80 100
Sanitary risk score (%) Sanitary risk score (%)

Key findings Urban groundwater use has S —
remained high over the study period (1999-
2014). Risks to water safety have increased,
according to sanitary surveys. Groundwater

uality data tells a less clear story. Future IIII
gy ’ , PI: Jim Wright,

(to 2030) risks may be highest in small @#au SRR University of Southampton
towns and peri-urban settlements. Logtomemoroieramcamoms curoemy J.2.WIght@soton.ac.uk

B
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Where? Kenya.

Fraquency




Novel methods for understanding contamination and risk factors in
shallow urban groundwaters

The problem Shallow hand dug wells and boreholes in urban areas are potentially at high risk
of contamination. Mapping of groundwater contamination and understanding the key risk

factors remains a priority.

Key findings High groundwater
vulnerability in shallow wells
irrespective of land use; overall
degradation of water quality during the
wet season; nitrate contamination in
some deeper sites; pumping induced
connectivity between shallow and deep
GW based on age tracers and organic
contaminants; impact of mine waste in
0 . 0 some shallow wells in close proximity to
e e | el " waste.

51 0@ 9 /& o wells

The approach In-situ optical
fluorescence for tryptophan (a
protein waste water marker) and
molecular pathogen screening
(gPCR), alongside conventional
measurements and assessments
for groundwater quality surveys
during the wet and dry seasons
at 50 sites.
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Where? Zambia

Yo m e @ w o m e w0 3 1 & Pl: Dan Lapworth, BGS, djla@bgs.ac.uk

Tryptophan (ug/L) Tryptophan (ug/L) Tryptophan (ug/L)



INGROUND: Evaluating an inexpensive biosensor to detect
anthropogenic pollution in groundwater

The problem The majority of the urban population in Africa uses on-site sanitation systems
which pose a threat to groundwater quality and safety. The monitoring of water quality in such
environments needs to be made easier and cheaper.

The approach Design a prototype biosensor
for testing and development in Tanzania.

Experimental set-up
_ in the laboratory.

Key findings A biosensor has been designed
and tested in the laboratory. Initial results
are encouraging. The next step is to field-
test the device.
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Correlation between COD (anthropogenic pollution)
and current density (biosensor response)

Where? Tanzania

Pl: Sharon Velasquez-Orta, Newcastle University




Groundwater fluoride mitigation in the Ethiopian Rift Valley

The problem High levels of fluoride in groundwater cause dental and skeletal fluorosis in those who

consume it. It is necessary to find ways to mitigate this problem for the estimated 8m people who are

exposed to it in Ethiopia alone.

The approach Hydrogeological studies of fluoride occurrence. User surveys and financial analyses of

alternative mitigation strategies.

Key findings Fluoride in ground-
water is influenced by surface
water/groundwater interactions,
geothermal inputs and aquifer
geology. Mitigation options include
safe sourcing (locating primary low-
fluoride sources); alternatives are
defluoridation and multi-village
piped water schemes - the former
dependent on NGO capacity and
subsidy and community involve-
ment, the latter on investment, infra-
structure and professional manage-
ment. Of the options, defluoridation
is the least sustainable.

Right: relationship
between Ca and F
in groundwater
from the Ethiopian
study areas
(infilled symbols:
fluorite-saturated).
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Where? Ethiopia.

Pl: Pauline Smedley,
BGSpls@bgs.ac.uk
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Roads for water

The problem Road construction interferes with local runoff and recharge, to the detriment of
farming and livelihoods. At the same time roads suffer serious water-related damage. The
project has attempted to address both issues.

The approach Social science
research to “put a human
face” to the problems
communities face when roads
are constructed. Engineering
designs to minimise these
problems and optimise use
and infiltration of runoff.

Above roadside

~ water storage pond.

Left roadside
recharge ponds.

Where? Ethiopia

Key findings Low-cost
solutions have been proven,
and their rapid uptake by
Regional and local
Government and
communities holds much
promise for scale-up
elsewhere.

Has received follow-on support from
the Dutch science funding body (NOW)
and the Global Resilience Partnership.

website: roadsforwater.org

Pl: Frank van Steenbergen,
MetaMeta Research
fvansteenbergen@metameta.nl



Adaptive management of groundwater in Africa (AMGRAF)

The problem Productive use of groundwater in Africa offers many opportunities. Much
information on groundwater exists in the form of global remote sensing products, while local
indigenous knowledge also has much to offer. These two information sources need to be
combined with hydrological modelling and appropriate social and governance systems to
achieve sustainable development and to assure equitable access to the resource by the poor.

_________
______

The approaCh A mUItl_Scale, mU|t|'d|SC|p||nary e National and regional scale /ME;Ti;Q\
approach was taken, including water resource ¢
monitoring by community members, .

” policies and

_________ \ investment

ities s
Resource unit scale
Governance
\_framework / \ / Gridded

i I I 1 ' rd n Ted\ 1 d regional
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l Market context Community|scale 1o local ievel/ \‘ ‘l
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/' Governance ‘I :
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Key findings Potential exists for shallow groundwater

irrigation. Simple water balance models and community Where? Ethiopia

monitoring can be used with appropriate governance PI: John Gowing, Newcastle University
systems for local adaptive resource management. john.gowing@newcastle.ac.uk



Groundwater recharge: will the pumps run dry?

The problem Groundwater recharge is one of the most difficult parameters to measure in the
assessment of water resources yet is critical for reliable projections of sustainable resource
development.

The approach A continent-wide review of more than 200 recharge studies. Where possible the
data were extracted to identify relationships between rainfall and recharge, and in particular
examine evidence for thresholds controlling recharge.

Key findings The importance of multiple U e e 3
methods; reporting recharge as decadal, rather = sl 5 e

. . E 200 —— ey E ° '. : e ° f' v
than annual averages; that while broad : . N °
relationships exist between average rainfall and ; o A
recharge, such relationships becomes non-linear e | e s A

c . -'*= o frale—i | oy Qi Bl

when long-term average annual rainfall is less ey ‘ WD
than 1000 mm. Here rainfall intensity becomes 07 e W e e =

particularly important. As future rainfall is
expected to intensify with climate change, deeper
understanding of the role of episodic high
intensity rainfall events in governing recharge will

become increasingly important. PI: Alan MacDonald, BGS, amm@bgs.ac.uk

Where? Africa-wide



Towards groundwater security in Coastal East Africa

The problem Groundwater resources in coastal East Africa are at risk from growing populations
and from climate change. Groundwater resources need to be understood and monitored, and
sustainable management approaches designed.

The approach Hydrogeological desk studies and field studies at three case study locations.
Monitoring of groundwater level and quality, and rainfall. Assessments of demand for and use
of groundwater.

Comoros N=185 mKilwaN=154 mKilifiN=142
Left: deforestation in Kilifi

study area, Kenya. Land use
1990 1042.90 changes such as this affect the
' water balance.

Noresponse 6.5

No 5

2500 AlbAL Right: water shortages as
2013 825 44 experienced by households in
' the study countries.

Yes £9.0
88.7

Do you experience water shortages

Key findings Limited renewable fresh groundwater o 20 40 0 w0 1000
resources are under pressure from growing demands Percentage

and from degradation as a result of human activity.

Communities, and women especially, are willing to Where? Kenya, Tanzania, Comoros
engage in better water management, if given the PI: Joy Obando, Kenyatta University,
information and tools to do so. obandojoy@yahoo.com



Resource limitations to sustainability of groundwater well-points in
basement complex regions of sub-Saharan Africa

The problem Despite the many advantages of groundwater, including its resilience to climate varia-
bility and change, a recent analysis in Malawi has cast doubt on its universal sufficiency, in the Base-
ment Complex regions of southern Africa, where the aquifer has limited storage and demand is high.

The approach To test the
analysis by comparing its
implications for well-point failure
against the Malawi water point
database, and to develop a
similar analysis for southern
Zimbabwe.

Key findings The hypothesis of
resource limitation in Malawi was
not supported by the test. In
Zimbabwe abstractions may
exceed availability in places, but
the analysis depends on scarce
transmissivity data. Groundwater
level monitoring is in its infancy
in both Malawi and Zimbabwe.
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Use of remote sensing and terrain modelling to map manual drilling
potential in Senegal and Guinea
The problem Extending groundwater supply to more people is expensive using conventional

technologies. Manual well drilling offers cost-saving opportunities, but the techniques involved
can only be used in specific ground conditions.

The approach Development of a systematic methodology for combining remotely sensed data
with direct data from drilling records, to map the potential for manual drilling.

Thematic maps, Remote Sensing (optical,
radar), Digital terrain model

Geo-Environmental indicators (Geology, Soil,
Morphometry, Vegetation dynamics, Soil moisture,
Thermal Inertia

f
(Geo)Statistical =) Map of suitable zones
model for manual drilling

1

lf \ = Locaiifies

‘ Hydrogeological features at observation points ‘ "j;'j';v i
‘ B:;hole logs inzrrpret_ation, pum:;;st, ‘ SR
geophysics i SENEGAL STUDY AREA
Key findings Software has been S
developed to integrate drilling data and e
remotely-sensed data to map manual Where? Guinea, Senegal

drilling potential in Senegal. Further

validation of the approach is still needed. _
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What's next for UPGro?

In 2015, five Consortium research projects will get under way. These will run until 2019
and carry out detailed research on their chosen subjects. Four of the projects evolved
from the UPGro Catalyst projects, but one (T-GroUP) was added when the open call for
proposals was assessed. More details available on the upgro.org website.

= BRAVE: Building understanding of climate variability into planning of
groundwater supplies from low storage aquifers in Africa - Second Phase
Pl: Dr Rosalind Cornforth, University of Reading.

= Gro for GooD: Groundwater Risk Management for Growth and Development
Pl: Dr Rob Hope, University of Oxford.

m GroFutures: Groundwater Futures in Sub-Saharan Africa
Pl: Professor Richard Taylor, University College London.

= Hidden Crisis: unravelling current failures for future success in rural groundwater
supply,Pl: Professor Alan MacDonald, British Geological Survey.

= T-GroUP: Experimenting with practical transition groundwater management
strategies for the urban poor in Sub Saharan Africa
Pl: Dr Jan Willem Foppen, UNESCO IHE Institute for Water Education



The Africa Groundwater Atlas and Literature Archive

http://www.bgs.ac.uk/research/groundwater/international/africaGwAtlasArchive.html

Novel methods for understanding contamination of urban groundwater

Sorensen J P R, Lapworth D J, Nkhuwa D CW, Stuart M E, Gooddy D C, Bell R A, Chirwa M, Kabika J, Liemisa M, Chibesa M, Pedley S
(2014) Emerging contaminants in urban groundwater sources in Africa. Water Research. In press.

Sorensen J P R, Lapworth D J, Marchant B P, Pedley S, Nkhuwa D C W, Stuart M E, Bell R A, Chirwa M, Kabika J, Liemisa M, Chibesa
M. Tryptophan field sensors: a rapid proxy for faecal contamination of drinking water. Submitted to Water Research.

Lapworth DJ, Wright J, Pedley S (2014) A tale of two cities. NERC Planet Earth Online Winter 2014, 22-23.

Lapworth D J, Pedley S, Nkhuwa D C W (2014) Mapping groundwater quality degradation and vulnerability in Kabwe, Zambia.
Presentation as part of a Dissemination Workshop for the groundwater degradation study in Kabwe, Zambia, 4th July 2014.

Sorensen J P R, Pedley S, Read D, Chibesa M, Chirwa M, Bell R, Nkhuwa D C W, Liemisa M, Stuart M, Lapworth D J (2014)
Characterising pathogen contamination in urban groundwater in Kabwe, Zambia: a comparative study using multiple pollution
indicators and contributing risk factors. [Poster] In: 41st IAH International Congress "Groundwater: Challenges and Strategies",
Marrakech, Morocco, 15-19 Sept 2014.

Sorensen J P R, Lapworth D J, Nkhuwa D C W, Stuart M, Bell R, Chirwa M, Kabika J (2014). Emerging organic contaminants in urban
and peri-urban groundwater sources in Sub-Saharan Africa. [Poster] In: 41st IAH International Congress "Groundwater: Challenges
and Strategies", Marrakech, Morocco, 15-19 Sept 2014.

Lapworth D J, Sorensen JP R, Pedley S, Nkhuwa D C W, Read D, Chibesa M, Chirwa M, Bell R, Liemisa M, Stuart M, Kabika J (2014)
Applying in-situ fluorescence and molecular screening techniques to understand contamination and contributing risk factors in
shallow urban groundwaters in sub-Saharan Africa. [Poster] In: Hydrogeology and WASH, London, UK, 5 June 2014.

Lapworth D J, Pedley S, Nkhuwa D C W (2015) Groundwater resources in urban sub-Saharan: the story from Kabwe, Zambia. RWSN
Webinar Groundwater Resources and Supplies in Africa (UPGro-RWSN) 24 Feb 2015, available for download: http://www.rural-
water-supply.net/en/resources/details/651
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Roads for water

Garcia-Landarte Puertas D, Woldearegay K, Mehta L, Beusekom M, Agujetas M, Van Steenbergen F (2014) Roads for water: the
unused potential. Waterlines 33(2), pp 120-138.

Demenge J, Alba R, Welle K, Addisu A, Manjur K Multifunction roads: the potential effects of combined roads and water harvesting
infrastructure on livelihoods and poverty in Ethiopia. Submitted to Journal of Infrastructure Development.
Adaptive management of groundwater in Africa - AMGRAF

Parkin G, Gowing J, Ayelew D, Oughton E, Amezaga J Modelling and community monitoring for shallow groundwater resource
assessment in Africa. Submitted to Groundwater.

Towards groundwater security in coastal East Africa

Bourhane, A., Comte, J-C, Join, J-L & lbrahim, K. (in press). 'Groundwater prospection in Grande Comore Island: Joint contribution of
geophysical methods, hydrogeological time-series analysis and groundwater modelling'. in P Bachelery, J-F Lenat, A Di Muro & L
Michon (eds), Active Volcanoes of the Southwest Indian Ocean: Piton de la Fournaise and Karthala. Active Volcanoes of the World,
SPRINGER-VERLAG BERLIN.

Comte J C, JoinJ L, Banton O, Nicolini E (2014) Modelling the response of fresh groundwater to climate and vegetation changes in
coral islands. Hydrogeology Journal, 22(8), pp. 1905-1920.

Groundwater fluoride mitigation in the Ethiopian rift valley

Tekle-Haimanot R, Haile G (2014) Chronic alcohol consumption and the development of skeletal fluorosis in a fluoride endemic
area of the Ethiopian Rift Valley. Journal of Water Resources and Protection.

Datturi, S, van Steenbergen, F, van Beusekom, M, Kebede, S Comparing defluoridation and safe-sourcing for fluorosis mitigation in
Ethiopian Rift Valley. Fluoride (journal). In press.



Assessing risk of investment in groundwater resources — ARIGA

http://worldagroforestry.org/Ariga

Luedeling E, Oord AL, Kiteme B, Ogalleh S, Malesu M, Shepherd KD and De Leeuw J (2015) "Fresh groundwater for Wajir—ex-ante
assessment of uncertain benefits for multiple stakeholders in a water supply project in Northern Kenya". Front. Environ. Sci. 3:16.
doi: 10.3389/fenvs.2015.00016: http://journal.frontiersin.org/article/10.3389/fenvs.2015.00016/full
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Domestic groundwater safety in Kisumu, Kenya
Lapworth D, J Wright, S Pedley. A tale of two cities. NERC Planet Earth Online Winter 2014, 22-23.
Okotto-Okotto J, Okotto L, Price H, Pedley S, and Wright J. Long-term changes in urban groundwater quality in Kisumu, Kenya

(poster & brief presentation). Hydrogeology and WASH — What can hydrogeologists contribute to safe water supply and poverty
reduction, Geological Society, London, UK, 5th June 2014.

Wright J.,, J Okotto-Okotto, L. Okotto, H. Price, S. Pedley. Domestic groundwater safety in Kisumu, Kenya: past, present and
future. Presented as part of session on Mapping Groundwater Quality for Decision-Makers, Rural Water Supply Network Webinar
Series, 25 November 2014.
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Okotto-Okotto J, Okotto L, Price H, Pedley S, Wright J (2015) A longitudinal study of long-term change in contamination hazards
and shallow well quality in two neighbourhoods of Kisumu, Kenya. Int. J. Environ. Res. Public Health. In review.

Groundwater risks and institutional response in rural Africa

Hope R, Olago D, Mati B, Folch A, Thomas M, Lane M, Mutua J, Thomson P, Foster T, Koehler J Groundwater baseline and risks
facing Kwale County, Kenya. Submitted to Hydrogeology Journal.
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Remote sensing and terrain modelling to map manual drilling potential

Colombo, R. Estimation of suitability for manual drilling from textural and hydraulic parameters of shallow aquifers: a case study in
northern Senegal. Submitted to Journal of Hydrology.
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8937.pdf
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GroFutures: groundwater futures in sub-Saharan Africa

Ibrahim M, Favreau G, Scanlon B R, Seidel J L, Le Coz M, Demarty J, Cappelaere B (2014) Long-term increase in diffuse groundwater
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Recordings of Rural Water Supply Network (RWSN) webinars featuring
UPGro research can be found at: http://upgro.org/webinars-and-films/

m Groundwater Governance
10th March 2015 (vimeo.com/121992412)
Jacob Katuva (University of Oxford) / Tom Armstrong (JB Drilling)

m  Groundwater Resources and Supplies in Africa
24th February 2015 (vimeo.com/120571030)
Joy Obando (Kenyatta University) / Dan Lapworth (BGS)

m  Groundwater Research
9th December 2014 (vimeo.com/114133055)
Jan de Leeuw, (World Forestry Centre - ICRAF) / John Chilton, (IAH)
/ John Gowing (Newcastle University)

m Mapping Groundwater Quality for Decision-Makers
25 November 2014 (vimeo.com/112900426)
Pauline Smedley (BGS) / Jim Wright (University of Southampton) /
Rob Hope (University of Oxford)

m  Groundwater Recharge
21 October 2014 (vimeo.com/109696443 )
Kifle Woldearegay (Mekelle University) / Alan MacDonald (BGS) /
Richard Taylor (UCL)
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