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Unlocking the Potential of
Groundwater for the Poor

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

Gro For GooD
Groundwater Risk Management for Growth and Development

GroFutures
Groundwater Futures in Sub-Saharan Africa

Hidden Crisis
Unravelling current failures for future success in rural groundwater supply

T-GroUP
Experimenting with practical transition groundwater management strategies for the urban
poor in Sub-Saharan Africa

from the British people
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BGS international groundwater

50 groundwater
scientists

10 active African
projects




Hidden Crisis

From anecdote to evidence
to understand functionality.

Interdisciplinary. Five objectives:

1. Define functionality of boreholes
and water committees

2. Apply to Uganda, Ethiopia and _
Malawi to explore current status — |
SURVEY 1

3. Detailed interdisciplinary analysis
to answer WHY questions —
SURVEY 2

4. Trends and forecasts —
longitudinal studies and modelling

5. Interdisciplinary analysis
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Renewed interest in functionality

ing

Surveys
suggest 15-40%
non functional
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Water point age (year of inspection minus year of construction)

m Liberia (n = 8,643) m Sierra Leone (n = 22,809)
m Malawi (n = 26,070) = Tanzania (n = 22,761)

% of water points functional at time of monitor

© NERC All rights reserved Source: Carter and R



Where and when?

Ethiopia
Survey 1 completed June 2016
Survey 2 - March - June 2017

Uganda

Aquifer productivity gurvey ; june ) gept 381-6,

Bl very High: >20 s e e

B High: 5-20 s

- Moderate: 1-5 I/s

- Low-Moderate: 0.5-1 I/s
Low: 0.1-05 I/'s

- Very Low: <0.1 /s

Malawi
Survey 1 started Sept 1 2016
Survey 3 Sept - Nov 2017

Betsh Goclogres Survey © NERC 2011 Al ngvs reserved

of surlow wy of Alnca, ofMe US G Survey.
Country froen ArcW C wee20m ESRL AJ rights Reserved
Pogeal aata from Po Dwvmson of the Degt of £ conome and Socw!

AMtars of the Unaed Nasons Secretaran & UN 2012
Access Hgures souwce rom JMP 212
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Investigating functionality

Spatial scale - extensive

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

¢ Increasingly intensive research
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Year 1 (2015)

Year 1-2
(2016)

Year 2-3
(2017-18)

Years 2-4



6.
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Defining functionality

Definitions from the literature

No definition

Binary: working /not
working

More complex definitions
— e.g. partial working

Tiered definitions

Broad sustainability
assessment

Assessed against standard

1 - Not Defined
2 - Defined binary approach

M 3 - Multi-catagories
M 4 - Tiered definition

5 - Sustainability assessment
M 6- Design Yield




Defining functionality

* Measure against an ‘ |[:D‘ |U‘
explicit standard and v

BASIC

p O p u I a t i O n Handpump physically working and proving

some water at time of survey visit

 Measure separately from
the users’ experience

 Allow for tiered
assessments

FUNCTIONALITY INCLUDING WATER QUALITY

* Distinguish between e t

plus

h I Water chemistry must meet WHO standards for inorganic parameters,
S n a ps O a n e I I I po ra and must meet WHO standard (<1 TTC) for TTC concentrations (<1TTC)
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no

Was water
flowingin past

year

Is there

sufficient
quantity?

no

Has it had > 1
month
downtime this

year

Has it had > 1

downtime this

no

month

year

-
L=

yes

pooryield and

reliability

Not functioning

yes > for test but has
worked in last
year
no

> Abandoned
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Survey 1 -600 HPB

* Two stage randomised stratified sampling.

*  Physical survey: stroke test, well head
observations, water chemistry, TTCs +
tryptophan, downtime.

* Social survey: 20 questions - assessing
functionality of the water committee, general
governance of water point, user perceptions
of service level.

AT e



MaIaWi rESUItS functional

pooryield and
reliability

Not functioning

fortest but has

worked in last
year

Abandoned

|

Including water quality the
percentage reduces to 43%
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Ethiopia RESUItS functional

pooryield and
8204 reliability
Not functioning
for test but has
worked in last
45% year
l Abandoned

Including water quality the

percentage reduces to 28%
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Uganda Results S

|

pooryield and
reliability

Not functioning

fortest but has

worked in last
year

55% '

Abandoned

; I
~
\‘
e

4

Including water quality the

4

percentage reduces to 18%
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Functionality and management
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Functionality and management
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Survey 2 - 150 HPB

Forensic assessments of Survey 1 sub-sample.

Social science: focus groups, transect walks.

Physical survey: sanitary & engineering survey, pumping test, water chemistry,
CCTV survey, questionnaires (reliability, downtime, quantity, quality).




Water Level Depth
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Aquifer yield
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Water chemistry
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Rising main and Rods

Rod condition

401
30
<
@ .
o Material
w20
= & Galvanised steel
[ B Stainless steel
o
[}
(ol
101
Galvanised steel 857
Stainless steel 552
0 Fibreglass 10

Coating Corroded Damaged
Condition




Number of times raised

Other pump components

Components raised in Breakdown history
120

Component




Value (m)

Borehole construction
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Integrated analysis

Ethiopia, Malawi and Uganda, functionality
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Summary/Conclusions

* Nuanced definition of functionality developed, used as a framework to
identify casual factors and explain outcomes.

» Sociotechnical interface is nuanced and complex, thus overly simplistic and
reductive approaches are not adequate to fully understand functionality.

e Survey 2 shows:
» Water level — clear relationship with functionality.

e Deconstructed hand pump and borehole (Rising main and rods and
observations of corrosion) — Rods suffer most corrosion and damage, but
any component made of galvanised steel is at risk in any context.

* Aquifer yield — clear relationship with functionality.

* Borehole construction —appears to have a bearing on functionality when
pump cylinder depth and water level are considered.

* Further analysis required:
e Seasonality, downtime and re
e Sanitary condition.
« Assessment of causal pathwa  THERE'S N0 SILVER BUHETW
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Supporting material




Fully
functional
Not functioning
fortest but has

worked in last
year

Malawi Results

Basic
functionality

Snapshot
functionality
Survey September 2016 —
January 2017
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Corrosion and water chemistry
pH vs Corrosion

Gl rising main (RM)

8 -
Corroded
:Ic:n_ 7 - @ Corroded
‘ Not corroded
Low risk > 7
G- 6.5 > Intermediate risk <=7

6 > High risk <=6.5
Severe risk <=6

Corré:)ded Not colrroded

Corroded
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Borehole construction

Water level with respect to borehole construction

3% 1%
(o]

\2%

m Above Screen/uncased
section

® In Screen

B Between Screen

® Below Screen

®m In uncased section

Pump is above WL in 4%
of boreholes.
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Other aspects

Major project database developed:
All social and physical data

WP_S2_FIELD_CHEM

¥ FCPM_ID
SURVEY_DETAIL_ID
75_OR_FINAL
PUMPING_E TIME_SEC
TEMP_DEG_C
]
SEC_ps-cm
EH_mV
Do_mgl
ALKTITRT__mgl
ALKTITR1_Vol_ml
ALK_TITRT_ACID_CONC_N
ALKTITR2__mgl
ALK_TITR2_Vol_ml
ALK_TITR2_ACID_CONC_N
ALKTITR3_mgl
ALK_TITR3_Vol_ml
ALK_TITR3_ACID_CONC_N
TOTAL_IRON_mgl
TURBIDITY_NTU
CDOM_EST_MAX gl
CDOM_EST_MIN_g!
CDOM_EST_MED_ygl
TLF_EST_MAX_ gl
TUF_EST_MIN_ugl
TIF_EST_MED_ygl
FiA
FAIA
F/UA_NH4
LAB_SAMP_NO
[
SF6
TRITIUM
NOBLE_GAS
ECOLI_TOT_TIM_INCUB_H
E-COLLMPH
COMMENTS
DATE_ENTERED
USER_ENTERED

WP_52_ROD_DETAIL

WP_S2_PUMP_RM_DETAILAFRID...

% ROD_ID B
PUMP_ID
RS_HO
RS_MATERIAL
RS_LENGTH
RS_DIAMETER
RS_CENTRALISER_PRESENT
RS_CENTRALISER_DAMAGED
RS_SECTION_COND
RS_TOP_COUPLER_COND
RS_BOT_COUPLER_COND
RS_THREAD_COND_IMII
RS_COATING_TOTAL_THICK
COMMENTS hd

® RM_DETAIL COND_ID
PUMP_ID
RN_SECTION_NO
RM_SECTION_MATERIAL
RM_SECTION_LNGTH
RN_SECTION_DIAM
RM_SECTION_COND
RA_CENTRALISER_PRESENT
RM_CENTRALISER_DAMAGED
RM_SECTION_TOP_THICK
RA_SECTION_MID_THICK
RA_SECTION_BOT_THICK
COMMENTS
USER_ENTERED
DATE_ENTERED

WP_S2_PUMP_RM_DETAIL M2

' RM_DETAIL_COND_ID
PUMP_ID
RM_SECTION_NO
RM_SECTION_MATERIAL
RM_SECTION_LNGTH
RM_SECTION_DIAM
RM_SECTION_COND
RM_SOCKET_COND
RM_SECTION_THREAD_COND
RM_THREAD_GALV_EVID
RM_SECTION_WELD
RM_DET_CONC_AT_WELD
RM_SECTION_WEIGHT
RM_SECTION_MID_THICK_BESIDE_WELD
RM_SECTION_COATING_MID_THICK_BESIDE )
RM_SECTION_BOT_THICK_OPP_WELD
RM_SECTION_TOP_THICK_OPP_WELD
RM_SECTION_MID_THICK_OPP_WELD
RM_SECTION_COATING_MID_THICK_OPP_WELL
RM_SECTION_COATING_TOR_THICK_OPP_WELL
RM_SECTION_COATING_BOT_THICK_OPP_WELI
COMMENTS
USER_ENTERED
DATE_ENTERED

WP_52_DOWNHOLE_OBSERVATIONS

' BH_CONSTRUCTION_ID
SURVEY_DETAIL_ID
0BS_TOP_DEPTH

WP_S2 PUMP_REC_META

¥ 52_PC_METAID
SURVEV_DETAIL_ID
FT_START_TIME
PT_END_TIME
MAN_REC_END_TIME
BEASUREMENT_DATUM
DATUM_TO_TOP_APRON
GROUND_TO_TOP_APRON_52
STATIC_H20_LEVEL
INSTALL_DEPTH_SUB_PUMP
BARO_LOGGER_INSTALLED
INSTALL_DEPTH_DATA_LOGGER
LOGGING_INTERVAL
TIME_PUMP_REMOVED
H20_LEVEL POST_PUMP_REM
H20_LEVEL_START_DAY.2
0BS_COMMENT
PUMP_TVPE
DATE_ENTERED
USER _ENTERED

0B5_BOT_DEPTH
OBSERVATION_TYPE

WP_S2_BH_CCTV_SURVEY

OBSERVATION_VALUE
(OBSERVATION_COMMENT
USER_ENTERED
DATE_ENTERED

WP_52_BREAKDOWN_HISTORY
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' BREAK_HIST_ID
SURVEY_DETAIL_ID
WPID
BREAKDOWN_NO
BREAKDOWN_DURATION
BREAKDOWN_ CAUSE
REPAIR_DESCRIPTION
COMMENTS
DATE_ENTERED
USER_ENTERED

LE

§ BH_CONSTRUCTION_ID

SURVEY_DETAIL_ID
CASED

SECTION_TYRE
SECTION_MATERIAL
SECTION_COND
SECTION_COMMENT
DEPTH_AT_SECTION_TOP
DEFTH_AT_SECTION_BOT
JOINT_VISIBLE
JOINT_COND
JOINT_NUMBER
USER_ENTERED
DATE_ENTERED

WP_53_LONGITUDINAL_META

WP_SURVEY_DETAIL
= L [77 surveroeTaLD
. SURVEYID
WP_S2_PUMP_SANITARY_CONDITION = wep
Lo, DATE_ASSESSMENT
o= | 7 pumeiD | WP N USE
WeD WE_FUNCTIONAL
SURVEY_DETAILID LOCALTY CODE
HEAD_COND MAIN_VILLAGE_OCCUPATION
SROUT_COND WP_S2_QUEST_H20_CHANGES HOUSEHOLDS SERVED
HANDLE_CORD ¥ walo KEY_COMMUNITY_CONTACT
TOP_FLANG_COND SURVEY_ DETAIL ID TOT_GRP_INTERVIEWED
FLANGE_CRACK_POSITION OVERALL H20. QUAL UM WP INTERVIEWED
BEARINGS_COND POOR_REASON sEnER
STAND_MOVES DAILY_CHANGES STROKE_TESTED
STAND_VERT SEASONAL_CHANGES P_METADATA FLOW_TESTED
STAND_ANGLE_EST EASY_TO_FILL_CONTAINER . CALC_TOT_STROKE
APRON_RAD_PLUS 1 DECREASES DURING,FILL 7 wep LABORATOR!
APRON_CRACKED STROKES_TO_FILL_BUCKET Country =~ comments
APRON_STAINED LESS_H20_WHEN District STANDING WATER LEVEL
APRON_STAIN_COLOUR \WHEN_QUEUES LONGER Sub District SR ENTERED
DRAINAGE_BLOCKED WHEN_LEAST_H20 Village DATE ENTERED
PONDING_WITHIN_2M \WHEN_MOST H20 Easting SURVENORS
FENCE_ROUND_PUMP COMMENTS Northing SURVEY. DURATION
LATRINE_WITHIN_10M DATE ENTERED £5PG_CODE
TV LATRINES_ WITHIN_25M USER ENTERED Elevation
QY LATRINES_WITHIN_100M Water_Point_Name 0
.|  CuNDER comD WP 52 GEQLOGY WP type
PLUNGER_COND WP_date_installation
415, COND SURVEY DETAILID - P ype
OTHER_PARTS ISSUES Ve HP_MANU [ VP _SURVEY
IM2_WATER_TANK ESTIMATED PREDOMINANT_ROCK.TH HP_SERIAL B SURVEY.ID
M2_BOT_FLANGE_COND WEATHERING Loaality_Code SURVEY_NO
IM2_PUMP_CHAIN_COND DESCRIEE_WEATHERING MEASUREMENT_DATUM 52 Date_Start
M2_FOOT_VALVE_COND FRACTURES DATUM_TO_TOP_APRON_52 Date_End
PUMIP_STAND_COND ESTIMATED RACTURE_ DENSITY. num GROUND_TO_TOP_APRON_52 Loality_Code
ESTIMATED_FRACTURE_APERTURE_mr TOTALDEFTH.52 SURVEY TiFE

AFRI_HANGER_COND
AFRI_FULCRUM_COND
AFRI_PINS_COND
AFRI_REDUCERS_COND v

(OBSERVATIONS_COMMENTS
OUTCROP_PRESENT
DISTAHCE_TO_OUTCROP_FROM_HPE,
DESCRIBE_OUTCROP
BOREHOLE_SITING

QOTHER_GW _SUPPLIES

DRAINAGE
DRAINAGE_FLOW_DIRECTION

LAND_USE_IMMEDIATELY_SURROUNL
PHOTO_NUMBERS
USER_ENTERED

LOGGER_TYPE
DATE_LOGGER_INSTALLATION
LOGGER_SERNO

DIVER_TVPE
DIVER_INST_DEPTH
GENERAL_COMMENTS
DATE_ENTERED
USER_ENTERED

DATA_ASSESSOR.
SURVEY_COMMENT
SURVEV_LABEL
DATE_ENTERED
USER_ENTERED

¥ s2_pC_METAID
SURVEY_DETAIL_ID
PT_START_TIME
PT_END_TIME
MAN_REC_END_TIME
MEASUREMENT_DATUM
DATUM_TO_TOP_APRON
STATIC_H20_LEVEL
INSTALL_DEPTH_SUB_PUMP
BARO_LOGGER_INSTALLED
INSTALL_DEPTH_DATA_LOGGER
LOGGING_INTERVAL
TIME_PUMP_REMOVED
H20_LEVEL_ POST_PUMP_REM
H2O_LEVEL_START_DAY.2
0BS_COMMENT
PUMP_TVPE
DATE_ENTERED
USER _ENTERED

WP_S2_QUEST_RELIABILITY

WP_S3_LT TIME_SERIES

D
SURVEY_DETAILID
WEID

Date and Time
Seconds

Pressure
Temperature
Depth

7 RELSBILITY_ID
SURVEY_DETAILID
WPID
STOPPED_LAST_12_MONTHS
STOPPED_LAST_MONTH
STOPRED_LAST_WEEK
LAST_BREAK_DOWNTIME
TOTAL BREAKDOWNS_LAST 365
TOTAL_DOWNTIME_LAST_12_MONTH
HP_REPAIRED_LAST 12 MONTHS
HP_REPAIRED_LAST_ MONTH
HP_REPAIRED_LAST_WEEK
HP_REQ_REP_LAST WEEK
HP_TOTAL_REP_LAST_365
TOTAL_REP_SINCE_INSTALL
LAST_REPAIR_TVPE
WHO_REPAIRED
SINGLE TEAM
MOST_COMMON_FAULT
COMMENTS
DATE_ENTERED
USER_ENTERED




