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A hidden crisis

unravelling current failures for future success in rural water supply
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100%

What crisis? "

60%

Functionality

40%

* There is mounting evidence that 20 — 40%
of rural handpumps are non functional
Withln 2 yearS. " ST T - T - TR T S B I P BN I B R W N Y 6;,,_9‘,,53

Age, years

20%

* Therefore many of the benefits of
improved access to water are lost

* Cumulative cost estimated to be $1.2b

e Often hidden —focus on coverage, few
incentives, confusion over definitions,

And: there are still 300 million people
without any access — and significant
investment planned to meet SDGs

© NERC All rights reserved




Individual reasons cited for failure

Engineering problems
Community management

Financing, spare parts, life cycle

costs
Hydrogeology
Climate change L
[ moder: I Sahel Rainfall
Flawed policies — i

~annual rainfall (m
BB B 88888888
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Hypothesis

o The underlying causes
. of rapid failure ... are
multifaceted, but with
_—
- - -

interdisciplinary
PRIMARY REASONS approaches can be
Low yield Poor water quality Mechanical failure understood’ dlagnOSEd,
and ultimately
anticipated and
mitigated

UNDERLYING CONDITIONS OF FAILURE

Lack of supervision and weaknesses  Insufficient access to external Lack of knowledge to inform policy
in geological understanding support (DWO, NGO, local
(poor siting, design, construction and national government) Low capacity of community
of boreholes) management

Long-term trends - changes in water Lack of community understanding Insufficient finance
demand, climate, groundwater and role
availability and quality Internal community dynamics
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Our team

‘ambridge
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Our research objectives

Objective 1: To develop nuanced

definitions of the functionality of water :

points and governance arrangements. I \] ‘ ‘
=

-
Ethiopia

Population 87 million

38% coverage of improved

rural water supply (JMP 2012)

(=36% increase in proportion of
population with access since 1995)
Estimated 32% not functioning
or functioning with difficulties’

\_ J

~

=
Uganda

Population 34 million

Objective 2: to apply this new
70% cover of improve e el . . .
rrs water supply (MP 2072 definition to 3 countries, Ethiopia,

(=45% increase in proportion of
population with access since 1995)

Estimated 18% not functioning Uganda and MaIaW| tO prOVIde

or functioning with difficulties?

e ~ authoritative evidence about

Aquifer productivity
[ Very High: >201s

Il High: 5201
- Moderate: 1-5 Is rM | ) . .
_ o alawi f I
= t::_':‘:::: oAl Population 15 million u n Ctl O n a Ity'

80% coverage of improved
rural water supply (JMP 2012)
(=50% increase in proportion of
population with access since 1995)

Estimated 34% not functioning
or functioning with difficulties®

- Very Low: <0.1 /s

Beitieh Goologicel Survey ©NEAC 2011. Al Aghas reserved
Bounduries of surficial peciogy of Alrics, couriesy of e US. Goslogical Survey.
froen Arcorkd ©

Access figures sousce from JMP 2012

S

st o8 dats from Fits and Weat Estis segion, Stiwki 3012, sad courtiy wide dats "
Sorm Duneke & Hanacss J008 and Water Add Ainctonaity Ivanory dats 2090
*bawt 03 data Watmriid funct o bty imverory deta

200
* basest 0 data Hrom national survey of 2000 UNICES mew supply orogramme. Anscombe 1956,
300 Weter Aud furtonalty (venicey dats 2020.
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_ Increasingly intensive research

3 X

Our research objectives

Spatial scale - extensive

Z S
A 7

Review of existing databases

Wide survey of nuanced functionality
150-200 water points in 3 case study countries

Focused novel interdisciplinary field research
50 water points in each country

Longitudinal study of impacts of poor functionality
Approximately 10 water points

Objective 3: To understand the
inter-dependancies between the
factors governing source failure
and success through detailed
novel interdisciplinary science




Examine trajectories

Objective 4: To examine and forecast
trajectories and trends given future

scenarios: scenario building (recharge, water
demand); novel water point modelling

vertical flow

seepage

flow concentrated .
in individual fractures § J

borehole &
storage ;
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http://www.bgs.ac.uk/research/environmentalModelling/Modellingflowtoboreholes.html

Analysis and uptake

Objective 5: To develop a dynamic
approach for building resilience into
future rural water supply

 Adaptive interdisciplinary learning

E ¢ 3 F E F gz &t 3 P2 g o

* Multiple analysis tools and methods

* Novel use of system dynamics
modelling

Developing
Groundwater

A guide for Rural Water Supply

* Develop a framework for building
resilience into water supply

* Deliver research findings through our

JdWaterAid
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Deliverables

Unique rich datasets at different scales on
water governance, groundwater flow and
storage, recharge processes, functionality,
impact of water access on gender dynamics.

A new robust, replicable methodology for the
research community

4 benchmark papers, + 5-10 methods or case
study papers

A team of interdisciplinary skilled researchers

A set of tools delivered through a manual, ——
policy briefs and social media

A change in practice in the WASH community

© NERC All rights reserved




Simplified workplan

YEAR 1 YEAR 2 YEAR 3 YEAR 4
ai|az|a3]as]a1|az|a3]as]a1|az]a3]as]a1|a2]a3]a4

Objective 1a To develop nuanced definitions of functionality and governance arrangements
Develop principles of water service governance functionality
Development of a set of measurable indicators

Objective 2 Apply definitions to a representative subset in each country and undertake country analysis
Rapid survey of 150 - 200 sources and water committees per country
Investigate the PE of the wider service delivery chain
Assess the regional hydrogeological and climate context

Objective 3 To produce focused innovative fieldwork on multifaceted factors governing source failure and success
Identify a representative subset (approx 50) in each country
Deteiled interdisciplinary research at each source
In depth longitudinal survey of small sub sample

Objective 4 - To examine trajectories of change
Instrument boreholes to measure gwls in target areas
Develop future possible scenarios
Source functioning modelling for different scenarios
Model impact of future functionality on SDG

Objective 5 - develop an approach for developing resilient access to water, and publish manuals
Interdisciplinary analysis of data collected in objective 3
Apply Systems Dynamic Modelling
Construct dynamic framework for building resilience into WASH
Developing pathways to impact

© NERC All rights reserved




Key events next 12 months

Setup meetings Malawi, Uganda, Ethiopia May 28 — June 8t

Appoint PDRAs, set up project management systems Jul-Sep

Review of PE and hydrogeology each country

Workshop — Addis September 8 — 11th

Training and sample strategy November — February 2016

Functionality survey February —June 2016

Champions & Committees
Training
Research Excellence

Gender Equality

Policy Engagment
Development uptake
Knowledge Broker Liason

team with specific consortium wide
responsibilities

© NERC All rights reserved

UPGRO Secretariat

I

Project advisory Group
chaired by John Chilton IAH
UNICEF Peter Harvey
WSP - Dominick de Waal
...2-4 others

Health and Safety —>

Consortium Management Unit
Pl Prof Alan MacDonald

coPl Prof Frances Cleaver
Project Manager Helen Bonsor

Aproject advisory group set up to
provide overall steer to the project, and
build in a solid connection with key
stakeholders

Main managementunitincluding a
part time dedicated project manager

Individuals (and committees where
appropriate) from within the project

I

Project Support
Finance officer
Web team
Data management officer
Communications officer

Project Management
Col Addis Ababa University
Col Mekere University
Col WaterAid
Col ODI
Col University of Flinders
Col University of Cambridge
Col University of Malawi

Project support staff for the project from
BGS and generally provided free to the
project

Cole nrovidine averall <teer to




Summary

to move from anecdote to evidence

Truly interdisciplinary with an adaptive learning
approach

. . . . -
Five main objectives: eiopia

Population 87 million
38% coverage of improved
rural water supply (JMP 2012)
(=36% increase in proportion of

1. Define nuanced understanding of functionality <N o .

PT . Estimated 32% not functioning

J —— o TR g or functioning with difficulties’
«-- - 3
4

J

. . .
r N

2. Apply to Uganda, Ethiopia and Malawi —

Population 34 million

70% coverage of improved

/ | rural water supply (JMP 2012)

(=45% increase in proportion of

population with access since 1995)

Estimated 18% not functioning

or functioning with difficulties?

3. Detailed analysis of subset in each country and

Aquifer productivity

a focussed longitudinal study — it

I Moderate: 15 1s

I Low-Moderate: 051 Iis
Low: 0.105 lis

J

r N
Malawi
Population 15 million
80% coverage of improved
rural water supply (JMP 2012)
(=50% increase in proportion of
population with access since 1995)
Estimated 34% not functioning
or functioning with difficulties®

4. Analysis —interdisciplinary approaches

5. Use to test scenarios

Impact and delivery: Publications, book, tools,
working through WaterAid and others globally and

in each country Unlocking the

Potential of
Groundwater

© NERC All rights reserved for the Poor




Additional slides




How will the research be delivered

* Achievable — well supported cols and dedicated management
2 UK based post docs, 6 based in Africa
* Significant capacity building

* Interdisciplinary process — with adaptive learning approach

UPGRO Secretariat Project advisory Group
. Leve raging £160k of support chaired by John Chilton A
UNICEF Peter Harvey
Champions & Committees WSP - Dominick de Waal
Training ...2-4 others
Research Excellence Consortium Management Unit Aprojectadvisory group set up to
provide overall steer to the project, and
Health and Safety <+—»| Pl Prof Alan MacDonald build in a solid connection with key
Gender Equality coPI Prof Frances Cleaver stakeholders
Policy Engagment Project Manager Helen Bonsor
Development uptake Main managementunitincludinga | > Project Support
Knowledge Broker Liason part time dedicated project manager Finance officer
Web team
Individuals (and committees where Data management officer
appropriate) from within the project . . .
¢ ) e ) ; Communications officer
eam with specific consortium wide
responsibilities Pro!ect Manage.men_t Project support staff for the project from
Col Addis Ababa University BGS and generally provided free to the
Col Mekere University project
Col WaterAid
Col ODI

Col University of Flinders
Col University of Cambridge
Col University of Malawi

Cols providing overall steer to
direction of projectin targeted

© NERC All rights reserved workshops and virtual meetings and
also managing specific activites

within workpackages




Major research outcomes

A step change in the understanding of borehole
functionality and its implication for WASH coverage figures

Deep understanding on the viability of the community
management model for WASH

Quantitative evidence of groundwater storage, flow and
recharge for key hydrogeological environments

Analysis of the contribution of environmental change to
water supply functionality

An authoritative analysis of the main predictors of
borehole functionality

Defendable forecasts of future functionality and therefore ’
RWS coverage given plausible future trajectories.

Bl /
Unlocking the
Potential of

Groundwater
for the Poor
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Partners and pathway to impact

To provide tools for problem diagnosis and see these

JdWaterAid

To present clear evidence and see it disseminated

To contribute to practices that can effect change

Approach
WaterAid and partners are integral to the research @‘ﬂ]_@
Make use of existing in country channels and research W

UNICEF, WSP, RWSN and IAH all involved.
Link to other initiatives

Develop the voice of the rural communities

Play a major role within wider UPGro community CIS IR RN O

Unlocking the
U p Potential of

Groundwater
Gro for the Poor
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http://www.opml.co.uk/node/37

Work Plan — next 12 months

YEAR 1 YEAR 2 YEAR 3 YEAR 4
ai|az|az|as]ai|az|az|aslai|az|az|aslai|az|as]aa
Objective 1a To develop nuanced definitions of functionality and governance arrangements
Systematic Literature Review
Develop principles of water service functionality
Develop principles of local governance funtionality
Development of a set of measurable indicators
Objective 2 Apply definitions to a representative subset in each country and undertake country analysis

Review existing country databases and VfM studies

Develop a robust stratified sampling strategy

Rapid survey of 150 - 200 sources and water committees

Training of community members for seasonal repeats

Investigate the PE of the wider service delivery chain

Assess the regional hydrogeological and climate context

Use subset to reinterpret existing functionality and coverage d

ata

Setup meetings Malawi, Uganda, Ethiopia May 28 — June 8t

Appoint PDRAs, set up project management systems Jul-Sep

Workshop — Addis September 8 — 11t

Training and sample strategy November — February 2016

© NERC All rights reserved
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Work plan - Management

Management, meetings and reporting

Arrange contracts and MoUs and advertise and interview PDRAS

Set up file sharing system

Develop H&S strategy for project

AllIM and PEA surveys to help with pathways to impact

Main project Workshops

Monthly skype meetings

Three monthly project updates and progress reports

In country stakeholder meetings

Steering committee

Researcher exchanges

Conferences and KE events (1 - 2 per Co-l)

NERC reporting

Website

Key papers (other country papers and also published)

Defining source functionality and the implication on WASH coverage figures

The role of environmental change on water source failure in Africa

Institutional arrangemgents for community WASH - myth and reality

Identifyingthe root causes of source success and failure.

Published Book with Practical Action-Buildingresilience into WASH

© NERC All rights reserved
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British Geological Survey © NERC 201

Groundwater stc Aquifer productivity

(ML per sq km) - Very High: >20 /s

[ ]o

<1000
0 1000 - 10,000
B 10,000 - 25,00
I 25,000 - 50,00(

Il 50,000

British Geological Survey © NERC 2010. Allrights reserved.
Surficial geology of Africa, courtesy of the U.S. Geological Survey.

B High: 52015
- Moderate: 1-5 I/s

Low-Moderate: 0.5-1 I/s

Low: 0.1-0.5 /s

- Very Low: <0.1 I/s

Country boundaries sourced from ArcWorld © 1995-2010 Esri. All rights Reserved

Country boundaries sourced from ArcWorld © 1995-2011 ESR. All rights Reserved

Brinah Geologhcdd Servey © NERC 2000 AN nghts resarved.
Bourdates of wfical

geclogy of Alrica, courteny of the US. Goological Survey.
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Results: African groundwater S and K

Found that storage was high (0.5 M km?3)
100 x the estimated annual renewable

freshwater

Areas often seen as water scarce have == —— o
large groundwater resources = — = R
Even in low storage areas — usually o——————=a R
enough for several years supply to a e =
handpump =

High spatial variation in permeability — ™=

meaning large scale irrigation rarely =

feasible -

If there is so much water — why do o

sources fail? =

Source MaCDonaId et al 2012 Total groundwater storage
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Sustainability: changes in storage: GRACE

Monthly estimates of changes

in terrestrial water storage 33N
. 30°N
Resolution —approx 5 mm -
27° N8
0.8
Large footprint (400 x 400 km) .. -
21°N B
0.2
Lk 0.05

15° N8

12°N

9°N

0 L & O v O O o & &

Source Rodell: Nature 2009
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Some evidence from satellites: GRACE

October Only long term trend (2002-

2012) is groundwater
accumulation in two basins

But still baseline conditions

Eloued
Murzuk
Nubian
Senegal
Taoudeni
lullemmeden
Chad
Somali
Congo

10 North Kalahari
11 Kalahari

12 Karoo

Source Bonsor et al.- submitted

O©CoO~NOOOOTDWN -
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Groundwater recharge: linked to intensity

300
[ | [ / MacD ld 2011
Investigate relationship of recharge to rainfall L, | Macbona .
within tropics of Africa <
E 200 —e—1  f—e—i
9 —e—
Found evidence that groundwater recharge 5 w0 et
. . 3 oo —e—
was non-linear when rainfall <750 mm e
8 e S
Strong evidence that groundwater recharge 1 it
for a site in Tanzania linked to ENSO o AR . .
0 500 1000 1500 2000 2500
average annual rainfall (mm/yr)
1057
% 10551 &
g g'
=~ 1053 ; ]
g inferred ¥ %.*
£ e el ‘
£ 1051 s steady decline
g —r 1975 to 1984
2 00 Rty o
= 1049 &;? 7 gg;g/g 5
Source: Taylor et al. 2013 Nature Climate Change MM 30A/53
1047 ‘ : : . x ; : : : ‘
60 70 80 90 00

© NERC All rights reserved




Estimating GW residence times

chemistry, stable isotopes
noble gases
CFC-11, CFC-12 SF6, tritium

o ‘ ‘.. p !
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West African transect

og
T

Aquitkr : : : : "Cl
Baszement (n=26) : : : :
9 Sedimer@ry (=280 0 b

a0 ag

020

g8 | shallowGW 30-60years

Prob ability [%]
50
]
L

% _jjjj;jjjjjjﬁjjjjjjfj Even in low rainfall Sahel
| | (400 mm) mean annual
- ° | recharge20-40 mm

20 30
]
,

L) 10
| 1
L=

| _ _ _ _ _ _ High storage, low storage
,__I ...... | ......... | ........ | ...... | ...... | ....... | Similar residence times

10 20 a0 < a0 1] To
Ground water MET [Years]

Lapworth et al. 2013
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