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the people he served. This led him to trial and champion many different farming approaches such as fanya juu terracing,
tree planting, community seed banks and farm demonstration plots to name a few. His work and passion for change
touched the lives of thousands of people, a legacy that will be felt for generations to come. This guide is based on
Joshuads experience and that of his son, Andknevedgd]ths guida

would not have been possible.

Photo1: Joshua Silu Mukusya

About the authors

Simon Maddrell is the founder and Executive Director of Excellent Development. Simon has been
involved with sand dams since 1985 when he first teamed up with Joshua Mukusya, leading an
expedition of young volunteers from the UK to help build sand dams in Kenya. Simon was Chair of
Excellent Development Kenya from 2005 to 2009. Simon has a BSc. in Development and

Environmental Economics alongside 12 years of experience in the corporate sector.

lan Neal has worked for Excellent since 2008. As Development and Technical Manager, he is
responsi bl e flearning End ceselartheprogrénsne. lan has a MSc. in Soil and Water
Engineering from Cranfield University, a BA in Geography and over 20 years experience working in

international development.




Acknowledgements

The authors are grateful to Andrew Musila Silu and the staff of ASDF, Jon Viducich and Sue Cavanna for reviewing this
document. Musila is the co-founder and Development Director of ASDF and has sited and designed over 100 successful
dams. From 2009-2012, Jon was a principal engineer for the Christian Council of Mozambique (CCM) and has helped
construct over 35 dams in Tete and Manica provinces. Sue is director of Sahel Consulting with extensive experience of
water and environmental development in drylands. The authors also grateful to the Andrews Charitable Trust, the
Margaret Hayman Charitable Trust, the Tudor Trust and the Joffe Charitable Trust for their generous support without

which this guide could not have been written.

Our strategic partnership

Excellent Development and ASDF have a strategic partnership based on shared values and philosophy. Together we are
committed to community-led sustainable development and the global promotion of sand dam technology in drylands. It is

our shared vision that sand dams will transform millions of lives.

Pioneers of
Sand Dams

@ Excellent

Excellent Development is a UK registered international development NGO founded in 2002. The purpose of our work is

to: (1) support rural communities in dryland areas to gain access to clean water and grow enough food to eat and sell; (2)
promote sand dam technology as a means of enabling sustainable development and (3) support organisations to apply
and implement sand dam technology. Since its inception, Excellent has supported the construction of over 350 dams and
helped over 220,000 people improve their access to clean water.

Africa
Sand Dam
Foundation

The Africa Sand Dam Foundation (ASDF) is a registered Kenyan NGO founded in 2010. ASDF works in rural, dryland
areas to empower marginalised communities to sustainably improve environments and livelihoods for poverty alleviation.

They support communities to gain access to local, clean water for improved food production, health and income.

Disclaimer :

This guide reflects the authorsdé best effort to interpret a

into a practical guide.
Copyright :

All photos are copyright of Excellent Development and Africa Sand Dam Foundation and all illustrations are copyright of
Excellent Development unless stated. The copyright of this guide is held by Excellent Development Ltd. Commercial use
or publication of all or any part is strictly prohibited without prior written authorisation from Excellent Development.
Nothing contained herein shall be construed as conferring any license by Excellent Development. The document may
only be copied and distributed subject to the Creative Commons License Agreement (CC BY-NC-ND 3.0)

Citation :

This document should be cited as: Maddrell S and Neal | (2013), Building sand dams: a practical guide, Excellent

Development, London.


http://creativecommons.org/licenses/by-nc-nd/3.0/legalcode

Table of contents

D] =To [Tox= 11 T0] o PSPPSR I
TaDIE Of CONTENTS.....eiiiiiiiiii e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeees LI
O WO ... a e e e aaaas VIII
Chapter 1: An introduction t0 thiS QUIE...........ceiiiiiiiiiiiiiiiiiiiiiiiii e 1
Chapter 2: An introduction to sSand damsS.........coooeiiiiiiii i 2

2.1 Whatis a sand dam and how dOES it WOIK?.........ouiiiiiiiiiiiiiie e 2

2.2 A Dbrief hiStory of SANA GAMS ......ccoiiiiiiie e e 4

2.3 Why people build Sand damS ..........c.uuviiiiiei i 5
Chapter 3: Assessing technical feasibility................ccccce s 9

3.1 Four pre-conditions for a suitable Site ..., 9

3.2  The 10cation Of SEASONAI FIVEIS........cuiiiiiiiiie ettt e e st e e et e e st e e s snbaeeeean 9

3.3 Will the riverbed retain WaLEI? .........ooceiiiiiiee et e e e e e e s s e e e e e e s snneeeeees 10

3.4 Why sediment testing iS IMPOITANT? ........ocuuiiiiiiiiie e eenee s 10

3.5  HOW tO tESE MVEr SEAIMENT? .....eiiiiiii e e e e s e e e e e e see e 12

3.6 Testing SEdiMent dePLN ... ...oii e 13

3.7 How to estimate Storage CapPaCIty? ......cccvviiiiiiiiiiice e 13

3.8  Why storage is different t0 YIEld? ........oooiiiiiiiiii s 14

3.9 Factors that influence cost-effectiveness and feasibility ...........ccccccevevii 14
Chapter 4: Introducing Sand SAMS 10 NEBES..............euerrrrerrrreimmnnnneinnenen e eeaens 20

o R 1011 o o (1T 1T o S PRRRR 20

4.2 Planning @ POt ABIM(S) .. ..ciuueiieiiiiiee ittt s et e st e e e nbr e e e e aeee 20

4.3 Political and INSHIULIONA ...........eeiiieiie et e e e s e e e e e e e e 21

S oo ) (o 1 oSSR 21

T Yo o3 - | TSP PO PPPUPPRT 21

T I o o o7 PSR 22

A - T - | O PP SRR 23

4.8 ENVIFONMENTAL ..ottt e e e e ettt e e e e e s bbb e e e e e e e e e e anbbbneeeeeeaaannns 23
Chapter 5: How to site @ Sand daml............uuiiiiiiiiiiiiiie e 24

5.1 Start with the COMMUNILY .........coooiiiii e 24

5.2 What to 00k for during Siting .........cccoviiiiiiiiiii 25
Chapter 6: Sand dam design: a step by Step QUIdE..........eeviiiiiiiiiiiiiiieeee e, 28

6.1 Three golden rules of sSand dam deSIGN .........c.eeeiiiiiiii i 28

6.2  COomMMON CAUSES Of TAIIUME ... .cevii i e e e e e e e e e 28

6.3 Understanding .t.he..r.ixv.er.ds...f.l.oW. .. 28

I B 1= To [ I o L= ot Ry T L PSP PRP PRSP 30

6.5 Soil and water conservation immediately above the dam ...........c.cccceiiiii 38

6.6 ADSIraCtON METNOUS ... ..o ettt e e e e e st e e e e e e e e s nbeenees 40
Chapter 7: PrEONSIIUCION GCHIVITIES. ......oiiiiiiiiiiiiiiie e 45

A% R = =T o T o1 o Vo PR PPPRRPN 45

7.2 Calculating materials FEQUITEA ...........eeiiiiiiei ettt e b e e 45

7.3  Pre-proCuremMeENt ACHVILIES ......cuii i ettt e e e e e et e e e e e e s seeeee s 48

A S o (0o [ (=T 0 1= o A PP PPP PP 48



48 T Mo o 13 1o TSR RO PPRTR 49

Chapter 8: The construction of @ SarmG................eevvviiiiiiiiiiiie 50
8.1 Site management and SUPEIVISION ........ciiciiiiiuiiiiie e iiserer e e e e s s st e e e e e e s ssnsanbereeeaeessnnnneneeees 50
ST | (=T 1 =1 Y/ R 50
8.3 Principles of Concrete and Stone-masonry CONSIUCION...........ceiiiiieeriiiiee e 51
8.4 SItE PIANNING ...eeeeeeiteee ekttt e et e et e e e e s b e e e e e anr e e e e e eee e 52
8.5 Excavation for fOUNAALIONS ..........coiiiiiiiiieiiie et 53
8.6 Foundation preparation and IAYING .........ceeeeiiiiiie i 54
8.7 Formwork construction and SEttNG OUL..........cuuviiiieeei i e e e e e e e e nareee s 54
8.8 Placement Of StEEI DAIS ........ooiiiiiiiiieie e 55
8.9 IMOFTAY FALIOS ...ttt ieeeeirie sttt sttt e st e e st e st se e s s e e e n et e ssre e e b et e snne e s n e e e nnre e e nn e e nrne e 56
8.10 Rock, mortar and barbed wire placement within the form work ..........ccccccoo v, 56
8.11 APION CONSIIUCTION ....eiiiitiiee ittt ee ettt ettt ettt et e sttt e e sk et e e s bb et e e sbb et e e st bt e e s anbeeeesannneeens 58
8.12 Quality CONrol ChECKIIST ......uuiiiiee e e e s e e e e s snareee s 59
8.13 CONSIIUCLION GIEIMALIVES .....eeiiieeeieiiiieiie e e st e e e e e et e e e e e s e annb e e e e e e e e eesnnnnrneeeas 59
8.14 Post construction: plastering and curingthe dam ....................cc 59
8.15 SPECIAl CIFCUMSIANCES ... ..eiiiiiiiiiie ettt ettt ettt e sttt e e s bt e e st e e sabb e e e e s annneee s 60
Chapter 9: Matenance and management of Sand damsS.............coooviiiiiiiiiiieiiee i 61
9.1 Warning signs of sand dam faIlUIE ............cooiiiiiiiiiii e 61
9.2 Monitoring and preventative maintenancCe............cccooeeeeieeii e, 61
9.3 Sand dam MaNAgEMENL .........ccoe i 63
Chapter 10: Alternative water technologies..............ooooviiiiiiiiiiiiiiiiieeeeeeeeeeereen 65
L0 20 O 1 Yo 11 ox 1T o ISR UPUPPERR 65
10.2 In-channel structures for harvesting WaLEr ............cooiiiiiiiiiiiie e 65
10.3 SUD-SUIMACE TBIMS.......iiiiiiiiiiie e e e e e et e e e e e e nnees 66
10.4 Earth pans and arth damsS ...........oooiiiiiiii e 67
10.5 UNAErgroUNG TANKS ...uviiiiiiiiiiiiieieieieeeeeeeeeeeaeseseesesssaseeseseeeaeeeseesssssssssssasssssesssasssssaseesssssrsssrssnsnnes 68
10.6 Roof rainwater harvesting with above ground tank .............cccccoviiiiiiiiie e, 69
10.7 Rock catchments with open Storage OF taNKS...........vuvviiiieiieieiieeeeeieeeeieeeeeeeeeeeeereeeeeeeeeeeeererarene 70
10.8 ShallOW WEIIS ...t e s e e 71
10.8 Boreholes fitted with & POWEIed PUMP ...cooiiiiiiiiiie e 72
10.9 Managed aqUIfer FECNAITE. ... ..uu i ittt eeeeeeaeeeeeasaessasssasasssssasssssessssseseesessnnnnes 73
10.10 Comparison Of Water SOIULIONS .......couueiiiiiiiiie ittt 73
10.11 Further reading @nd FESOUICES .........uiueieeieeeeeeeeeeeteeeeseeseseeeeererereerrererererrrrerrrrrrrrrrrrrrerrrrrrrn 73
Chapter 111N CONCIUSIONL.....uuiiiiiiiiieii et e e e e e e e e enneees 75
FY o] o 1] a6 | 012 ST PP PP PR PPPPPPPPPP 76
Appendix 1: Excellent Development and ASDF Technical SUPPOIt.........ooocuiiiiiiiiiiiiiiiiiieeeee e 76
ApPeNndiX 2: Legal AgrEEIMENES ......coiiiiiiie ittt ettt e s e e s et e e s s b b e e e snbbe e e e e nnenas 77
Appendix 3: River characteristics with distance from head of valley ............ccccoocviiiniiiniien, 80
Appendix 4: Towards a simple set of INAICALOrS .........oc.uuiiiiiii e 80
Appendix 5: Flow over a broad CreSted WEIK ...........ooiuiiiiiiiiie e 83
Appendix 6: Templates for recording dam design and Siting data ..............cccveeiiiiiiiiiiiiiieeeee e 83



List of p hotos, figure s and tables

Photo 1: JOShU@ Silu MUKUSYA. .......ueeeiiiiiieeiie ettt e et e e e e e e e e e e e nnebeeeees
PHOLO 2: OFIgINAI SIEE ... .eeiiii ittt e et e e e ek e e e e e aa b b et e e e et b et e e e e nbrne e e e e annneas 3
Photo 3: Immédiately following CONSIIUCHION............occiiiiiiiiie e e e e e e e e e e e 3
Photo 4: Filled with water after firSt FaNS...........oiiii e e e 3
Photo 5: Mature dam filled with sand after 2 YEaIS..........coouiiii i 3.
Photo 6: Tallest knowsand dam on the Hoanib River in Namibia.............ccccccevvviiiiiiiinie e 4
Photo 7: Community fishpond with water from a sand dam..............ccocceiiiii e 6
Photo 8: A sand dam roailer crossing, Makueni, KENYa...........cccccuuviiiiiiieeee e e e 8
Photo 9: KECK SANT SNAKEL.......coiuviiiiiiiiieiieee ettt st e e e e st e e s anbbae e e e snnneeeas 12
Photo 10: Probing sediment depthl...........c.uiiiiiiiiiiiee e 13
Photo 11: Dam 1, 250 bags Of CEMEBNL.......ccoiii i e e e s e e e eeeeeeeeeeeaans 17
Photo 12: Dam 2, 810 bags of cement and 30 times more storage than dam.l............cccccoeerernnneen. 17
Photo 13: Dam 3, 10 times more Storage Of dam.2.........cooiiiiiiiiiiiie et 17
Photo 14: Rocky outcrops indicate a promiSiNg.SILE.........oiviviiiiieiiiiiiiiirs e e e e e e e e e e e eeeeeee e 26
Photo 15: Test pits and probing confirm depth of bedrock...........cceoviiiiiiiii e, 26
Photo 16: A failed dam near Mtito Andei, KENYa..........cocuiiiiiiiiiiiiicee e 28
Photo 17: Flotsam caed by recent flood indicate peak flood [eVel..............iiiiiieniiieeee, 29
Photo 18: A Bobab trunk gives an indication of the size of peak flood flOWS............cccccvviiiiiiiiiinnnn. 29
Photo 19: Dam angled to follow the bedrock and bring the flow back to the centre of the.river............ 32
Photo 20: Stepped spillway: alternative method for progressive extension of central damagpil............ 37
Photo 21: Bunds in the terrace channel encourage infiltratian............cccoovieieiiii e 39
Photo 22: Terracing and catchment management...........cooooii i e ieriiiee e e e e e e e e e e e e e e e e eeeeeenees 39
Photo 23: UPSIrEam QUIIEY.......o.eeeeeeiiieeie ettt et e e s ab et e e s sabb e e e s sbbeeeeeans 39
Photo 24: Grasses act to stabilise riverbanks and provide year round fodder............cccovvviieieiniinnnenn. 40
Photo 25: A traditionadCOOPNOIE...........co oo 40
Photo 26:Scoophole protected by Acacia to keep lIVeStoCK QUE..........coveeeeiiiiiiiiiiieee e 40
Photo 27: Installation of infiltration Qallery............oueeiiiiiii e 41
Photo 28: A NEINES CONCIELE CAISSOMN......cciiiiiiiiitiiie ittt e e e e e e e e e e e e e s s sebnbeeeeeed 42
Photo 29: Tank built into wall of dam.............eeiiiiii e rneeeeeeee e A2
[ T0) (o IRCT O I T o T=To I o101 [ (R 43
Photo 31: Shallow well usimye-cast concrete rings, NEPal..........cceiiiieiiiiiii e 44
Photo 32: Shallow well withandpumpand cattle trough, Kenya............cccoviiiiiiiiii e 4 44
Photo 33: A sulsurface dam that cracked due t0 SUDSIAENCE...........eeeiiiiiiiiiiiii e 53
Photo 34:Formwork creates a mould for the StONe MAaSONLY...........uuuviriiiiiiiiieiiiie e 55
Photo 35: Where the dam sits in a trench, thentth walls are used as formwork............cccccceiviieeneenee. 55
Photo 36: A raised platform allows the mortar to be thrown into the formwork.............cccccoeieieeennnnn.n. 577
Photo 37: Examples of poorly constructed dam aprONS........c..eeeeiiiiiiien i 58
Photo 3B: MONItOTNG 1E8KS ....coiiiiiiii et e e s rb e e e s sbb e e e s sbbeeeeeans 62

Photo 39: Erosion of left hand bank shows the foundation and apron do not extend into the riverhank$3
Photo 40: Sections @fpron have been undermined due to foundation and size of afreing inadequate...63

Photo41: Earth dam, KENYAL........oooi ittt e e e e e s e e et e e e e e e aae e e an 677
Photo 2: HillSide Dam, KENYAL.........oiiiiiiiiiiiiiiie ettt e e e e e e e e e e eassnrnbeeeeeeaaeeee ] 6.77
Photo 4: Natural @arth pan, KENYa..........cooiiiiiiiiiie et s e s saneee s 687
Photo 4: Berkad, the Somiahame for a lined ground tank.............cccccooiiiiiiiiiiiiiie e 683
Photo %&: Runoff is channelled int@ silttrap before entering the Berkad..............cccuvvieiiiiiiiinn. 683

Photo 4: Rock catchment and StOrage tanks............oeoiiiiiiiii i 700



Figure 1: Ho @ SANA GaIM WOTKS.......uuiiiiieieiieeee i s iesesiie e e e e e e e e s s s st e e e e e eeeeessasnnsesennaeeeeeeaeeesessnnnnnes 2

Figure 2: Map ofvorld's dryland rEQIONS..........cc.uuiiiiiiiiee e ee e e e e e s s s s s e e e e e e e s e s s rannenreeeeees 9
Figure 3: Comparative size of sand, silt and clay particles...........cccoiiiiiiie e 11
Figure 4: The impact of grain size on porosity and drainable porasity.............cccccvvvveiieeieiee e 11
Figure 5: Grain size at a site on the Kambu River, Kibwezi District, Kenya...........ccccocoovieiniiiineennnnn. 12
Figure 6: Proximity to streams Of different SIZE..........cooiiiiiiiiiiiiii e 15
Figure 7: Storm hydrographs for 3 dryland catchments of different size...........cccoooveeeeeee i, 19
Figure 8: The dimensions measured during a site survey and their position in relation to the dam spilB@ays
Figure 9: Dam desSign QIMEOBE..........coiuiiiiiiiiiiiie ettt e et e ettt e et e e s ann e e e e snnneeeens 31
Figure 10: Dam wings angled UPSIIEAIML........cuiiee e i it eee e e e e e e e s s s s are e e e e e e e e e e e s e s snnrnrrenrreeeeeeaeeesen 31
Figure 11: Central Spillway NEIGNL.........cooo i 33
FIQUIre 12: Dam thiCKNESS. .. .uuueiiiiiee e i i iici e e e e e s s st e e e e e e e e e s e s s bbb e e e e aeeeeeeeesessannnnrannereeeaaaeas 36
Figure 13: Layout of typical conservation measures in dam catchment...........ccccccceeeeviiiiiiiiiinieeee e, 38
Figure #: A natural screen develops around a slotted Pipe........ccoocvveeieiiiiiieee e A2
Figure 15: Infiltration gallery, shallomell andhandpump.........ccccoeeeviiiiiiiii . A3
CAIdzNBE wmMcY . ANRQamcoatdctigsited....2.F... L. 0.8 LA.QLL...R.... 522
Figure 17: Typical timber sizes and spacing used as formwork in. Kenya.............ccccooevieiiiiiiiininines 54
Figure 18: The placement of stereinforcement bars and barbed wite.................ccco i, 56
Figure 19: The changing strength of the mortar mix on larger dams..........ccccccoviiieeie e 56
Figure 20: »ectbn through base of dam showing placement of layers of mortar and rocks................. 57
Figure 21: ection of a sand dam With @n @prON............e i e e e e aae e 58
FBEdzZNBE HHY . ANRQa S ebdsefdwtS dlloncdnstiidtid inRtAg@sS. NK.A.2.y.....2.F60
CA3JdzNB HoY . ANRQa SeS @ASs .2F. L. . NELEANLG2. . LGN O] (KN dz=
Figure 24: ection of a repair to the base of dam.............ooooveiiiiiiiiii 622
Figure B: Long profile of river channel showing the position efirannel water harvesting technologies. 66
Figure26¢ . ANRQ& S@&S @gAS6.2F . KALLAARS. . .RLY.®. ... 68
Figure 27R0o0f¢ catchment rainWater tanK..............ooiuiiiiiii e 69
Table 1: Evaluation of Kitui SANA AAMIS.........cooiiiiiiiiiiiii e e e e e e e e e e aieees 5
Table 2: The factors that determine CEFIECIVENESS .......cooiiiiiiiiii e 14
Table 3: Comparison of the storage Of 3 damS........cooooiiiiiii e e e eaaees 16
Table 4: Factors that influence sediment tranSPOLL...........cooii i e 18
Table 5: How technical viables and choices impact upon costs and benefits...........cccccceviiiieieiiinenn, 25
Table6: Schedule of activities and intensity of WarK...............ccccccviiiiciieiieennn . 45
Table 72013 budgt for a typical sand dam, Kenya.........cccoocuveeieiiiieiiieiniiiiee e nieeeeessiieeee e . 46
Table 8 TImber and StEEl DUAGEL...........ooo e A7
BLIE= o] (ST I o o I o0 T [ = O SSRRRRRP a7
Table D: Causes of failure due to POOr CONSIUCTIQML......ueviririeeeiiiiicieiiiee e e e e e e e s e e e e e e e e e s ennenes 50
Table 11 Stages of sand dam CONSLIUCTION. ........uuuiiiiieeee i e e e s e e e e e e e e e s s nnennreneneeeeees 53
Table 12 Importance Of CUMNNG CONCIEIE. ... .. .. i ittt ee et e e e e e e s raab e eeeeeeaaaaeans 59
Table 13 Comparison of water supply technologies.........cccocieiiiiiiiiiie e L A
Table 14 Dam deSIgN fON .......cooii ettt e e e e e et e e e e e e e e e e e s s e snnbbebreeeeaaeeeeesanan 86

VI



Glossary and abbreviations

50-year (or lifetime) flood

Abstraction
Annual flood
Aquifer
Apron

Auger

ASDF
Bank-full flow

Base-flow

Catchment or watershed

Cost-effectiveness
Crest

Cross profile
Curing or hydration
Drainable porosity
Earth dam
Freeboard

Gorge

Graded or sorted
Gulley

Haffir

Infiltration gallery
PESTLE analysis

The flood level expected to be equalled or exceeded every 50 years on average

Withdrawal and collection of water from the watertable or a water deposit

The flood level expected to be equalled or exceeded once a year on average

A layer of permeable water-bearing rock or unconsolidated sediments

Concrete platform at the base of the dam that prevents undercutting

A tool to drill holes in the ground

African Sand Dam Foundation

Discharge when the main river channel is flowing full

Subsurface flows through riverbed sediments

The area drained by a river

A dambés yield relative to its cost

The highest point of the sand dam

X-section of the river showing the gradient of the banks and valley sides

The chemical process that causes cement to harden

The volume of water that drains from sediment under gravity

A dam constructed of compacted clay soil that impounds surface run-off

The depth of the maximum flow over the spillway or spillways

A point where the river has cut a narrow valley

A well graded or sorted sediment has little variance in grain size

A deep ditch or channel cut by running water

A shallow clay-soil pond that collects and stores surface run-off

A network of perforated pipes that collects water from the river sediment

Political, Economic, Social, Technical, Legal and Environmental analysis

Micrometre, 1,000 um =1 mm
Millimetre, 1,000 mm = 1 metre
Centimetre, 100 cm = 1 metre
Metre, 1,000 m = 1 kilometre

Porosity The pore spaces in soil or rock

Sand river A seasonal river predominantly filled with sandy sediment

Siting Deciding the exact point at which an individual sand-dam will be built
Spillway The (central) channel of a dam that carries excess water over the dam
Throw-back The distance that sediment and water collects behind a dam

Valley head The highest point of a catchment

Wadi Another name for a seasonal, sandy river

Watertable The level where the aquifer is saturated

Wing-walls The side walls of the sand dam

NGO Non-government organisation um

usv Upstream View mm

g Gramme cm

kg Kilogramme, 1000 grammes m

I Litre, 1 litre of water weighs 1 kg m?®

Cubic metre, 1,000 litres = 1 m®
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Foreword:

I am delighted to provide the foreword for the Excellent Development Sand Dam Manual. Sand dams are one of the
technologies that help to address the issues | have been fighting during my six years as Executive Secretary of the UN

Convention to Combat Desertification.

Desertification, land degradation and drought have far-reaching impacts: from extreme poverty to food and water
insecurity & hunger, deforestation, loss of biodiversity and vulnerability to climatic shocks, instability, crises and

environmentally-induced migrations.

Sand dams are an interesting technology in that they are only suitable for dryland areas suffering from land degradation.
Water that runs down seasonal rivers carrying soil separates and fills the dam with sand - but also millions of litres of
water. Apart from storing such water all year round it is protected from evaporation and doesn't allow waterborne
diseases or a water vector for mosquitoes to breed. More critically, the time subsistence farmers save in water collection
enables them to focus on reversing land degradation through soil and water conservation and improved agriculture.
Excellent has supported the building of 369 dams with 111 communities in Kenya, who as a result have shown significant

improvements in diets, health and incomes.

| need to say, however, there is no 'silver bullet' to address land degradation. It is site specific and it is eco-specific.
There are many other inspiring success stories that could be scaled up and disseminated with huge potential benefits for
all. For example, in projects in Malawi, under a canopy of evergreen Faidherbia trees, agricultural yields increased by
280 percent. Farmer-managed natural regeneration and agro-forestry techniques, have already contributed to improving
millions of hectares across Africa particularly in places like Niger. Sand dams are one of the technologies that enable
people to invest in such activities through reducing the time to collect water by three to five hours per day. Such
sustainable land management techniques, avoided degradation and rehabilitated natural capital will deliver new
opportunities for real, sustainable, poverty reduction around the world.

I like very much, not only the approach of sand dams, but | like the passion and the people behind them. | really wish that
we could do more in taking this technology, this approach and this understanding to many others. We are not there yet,

but I am convinced, sustainable land management is an idea whose time has come.

| wish Excellent Development well in their efforts to bring the importance of sustainable land management, and the role

of sand dams in that, to the attention of all of us who care about the future of our planet.

I hope that this manual, which offers a practical guide accessible to non-technical people, inspires and empowers people

in drylands to take action in tackling the scourge of land degradation.

d_ SWVACADI

Luc Gnacadja,
Executive Secretary,

United Nations Convention to Combat Desertification
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Chapter 1: An introduction to this guide

This guide describes the process of siting, designing, building and managing sand dams. It is aimed at technical and
programme management staff working in arid and semi-arid lands who are interested in trying out sand dams in new
areas. The guide draws upon the existing body of experience of building sand dams in Kenya where the majority of the
worl dés sand dams are |l ocated. The pr i martyinspite anu gwsde others.

The manual may be used as both an everyday field guide and as an education or training tool.

Building sand dams is not for amateurs. However you do not need to be a qualified engineer or hydrologist to build a
robust, effective sand dam. To reinforce this message, the guide avoids the use of technical or specialist terms wherever
possible. What is required is: (1) a sound understanding of how seasonal rivers flow and the impact of sand dams on
this, (2) a sound understanding of the principles of sand dam siting, design and construction and the causes of failure
and (3) access to experienced artisans with knowledge of stone-masonry construction. Bite size nuggets and rules are
highlighted in green text .

Beyond these technical considerations, the key to success lies in the approach of the implementing organisation and in
particular, how it works with end-users and the host community to place them at the heart of decision-making and how it
integrates sand dams within a wider programme. What works varies from place to place and from programme to
programme. Success relies on good development practice and adapting the application of the technology to local
conditions as well as getting the technical aspects right.

Chapter 2 introduces sand dams, their history and the benefits they bring. Chapter 3 provides guidance on assessing
where sand dams are technically feasible and have the greatest potential. Chapter 4 discusses some of the factors that
should be considered when planning to introduce sand dams in a new area. Chapter 5 is a step-by-step guide to siting a
sand dam. Chapter 6 is a step by step guide to designing a sand dam. Chapter 7 offers guidance on procurement of
materials and other vital pre-construction activities. Chapter 8 is a step by step guide to construction and Chapter 9
describes how to monitor, repair and manage a sand dam to prevent it failing once it has been built. Chapter 10
describes and compares alternative water technologies used in rural drylands and chapter 11 is a conclusion. Finally in
the annexes you will find useful information including the support Excellent and ASDF offer to organisations considering

piloting sand dams and examples of legal forms.

Feedback: The authors recognise there remain significant gaps in current knowledge on sand dams. If you have built a

sand dam in the past or if you are planning to do so in the future, we would love to hear from you and learn from your

experience. We welcome readersd comments and suggestions

feedback to projects@excellent.org.uk.
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Chapter 2: An introduction to sand dams

2.1 What is a sand dam and how does it work?

People have always collected water from holes dug in seasonal sandy riverbeds. Over time people have learnt that
sediment is deepest and water lasts longest when the hole is dug immediately upstream of a rock bar across the
streambed. Sand dams effectively build upon this natural process.

A sand dam is a reinforced stone-masonry wall (or similarly robust and impermeable weir) built across a seasonal, sandy
riverbed and i s o0 n e-cosifainwatereharvesing |salubicns. $aadwvdarast are a simple, robust, low
maintenance, rainwater harvesting technology that provides a clean, year-round, local water supply for domestic and
productive usesandar e wi dely suited to the worldés dryland regi
dams provide water for livestock, small irrigated horticulture and, for fish ponds, tree nurseries and fruit orchards. They
recharge the aquifer and rejuvenate the riverine ecology enabling fodder crops to be grown along the banks.

Figurel: How a sand dam works

Seasonal rains quickly fill the dam with water containing soil. The soil is made up of silt and sand. The heavier sand sinks
behind the dam, whilst the lighter silt remains suspended in the water and is carried over the dam and downstream. Sand
accumulates until the dam is completely full of sand up to the spillway. Photos 2 - 5 show the different stages of a sand
dam from the original dam site until the dam is matured and filled with sandy sediment.

Water is stored within the sand, making up 25 7 40 % of the total volume of the aquifer. The sand filters the water and
the lack of an open water surface reduces contamination and evaporation and prevents water-borne parasites such as

mosquitoes and snails from breeding.

Water is abstracted from a sand dam either by a traditional scoop-hole or an infiltration gallery is laid upstream of the
dam and connected to a protected water point, such as a pipe through the dam wall, a storage tank built into the dam or

a shallow off-take well and hand-pump dug in the adjacent riverbanks.

Th



Photos 2 -5: The stages of a sand dam filling with sediment

Photo 2: The original sitgl]; Photo 3: Imnediately following construction2];
Photo 4: Filled with water after first rain§3]; Photo 5: Mature dam filled with sand after 2 yeaf4]




2.2 A brief history of sand dams

The technology is centuries old. There are accounts of similar structures from Sardinia in Roman times® and in Mexico in
the 18" century. Examples are reported in numerous dryland countries including Namibia, Mozambique, Tanzania,
Somaliland, Ethiopia, Yemen, Burkino Faso, Mali, NW Cameroon, Sudan, Turkey and Mexico. However, the highest
concentration of sand dams with the strongest track record is found in Kenya. According to early Kenyan adopters, the
technology was introduced to Kenya by former Kenyan officers who came across similar structures whilst serving in India
during World War 1. The first Kenyan sand dams were built by a District Agricultural Officer (Eng. Classen) as part of the
African Land Development Board (ALDEV) project. The authors estimate there are currently in the region of 1500 sand

dams in Kenya. Only recently have these been the subject of wider adoption and research.

The overwhelming majority of these have been built over the past 15 years by community groups supported by three
Kenyan NGOs: Utooni Development Organisation based in Kola, Machakos County; Sahelian Solutions or SASOL based
in Kitui Town, Kitui County and Africa Sand Dam Foundation based in Mtito Andei, Makueni County. Each of these

NGOs can trace their adoption of sand dam technology back to work of Joshua Mukusya.

Sand dams built in Machakos and Makueni Counties, Kenya typically range from 1.5 to 4 metres in height from the
bedrock to the central spillway and span river channels 10 to 30 metres wide. Dams of this size store in the region of 2-
10 million litres and recharge after each significant storm. The largest dams are over 5 metres in height, span riverbeds
50 metres wide and are 100 metres in length from wing tip to wing tip, whilst the smallest are only 5 metres wide and 1
metre high. However larger sand dams have been built. For example, photo 6 shows a 22 m sand dam built on the
Hoanib River in Namibia in the 1950s.

Photo6: Tallest known sand dam on the Hoanib River in Narail@redit: Dr Wipplinger

1 Nilsson, A., 1988. Groundwater Dams for Small-Scale Water Supply, IT Publications
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2.3  Why people build sand d ams

Independent evaluations of how sand dams have impacted the lives of people living nearby and the environment in Kitui,
Machakos and Makueni Counties in Kenya found the following benefits:

Indicator With dam Without dam
Less months of primary water source depletion 25 -0.2
Change in distance to primary water source -2016 m +23m
Change in water use 3.44 x more 0.96 x less
Daily time saved on fetching water 100 minutes -7 minutes
Newly irrigated land +0.18 Ha -0.01 Ha
New fruit trees 13 5
Change in income (0/year) +270 -380
Malnutrition decreased increased

Tablel: Summary of socieeconomic benefits of sand dams iKitui, SE KenygSourceAerts et al2

Social and econ omic benefits

2.3.1  Saving time for women and children

Reducing the time required to collect water is one of the main motivations for building sand dams. By siting sand dams
close to where communities require water, sand dams free up hours of time and energy that farmers invest in improving

their farms and incomes.

2.3.2 Increased crop and food production

Sand dams enable farmers to locally water their livestock throughout the year. A local, year-round water source, allows

farmers to invest time improving their farms by terracing land and planting trees.

2.3.3 Increased vegetable production

Sand dams enable small scale irrigation of vegetable gardens on land adjacent to the dams which in turn increases the
guality and diversity of peopl elesdmayhbe grown amd Harvested ie the dtytsemson
when prices are highest.

2.3.4 Health benefits

People who switched from traditional, unprotected water sources to sand dam water report a dramatic reduction in water-
borne disease. Improved access to water results in better hygiene, food preparation and diet and reduces water-washed
diseases. Unlike open water sources, sand dams do not provide a breeding ground for water-vector diseases such as

malaria and yellow fever.

2.3.5 Income generation and employment
As a result of sand dams, farmers spend less on food, water and medicines and increase their incomes through small-
scale enterprise such as selling tree seedlings or vegetables, block making or community fish ponds. Construction

2 Table 1 summarises a range of socio-economic benefits of sand dams found by Rempel (2005), Lasage (2006) and Pauw (2008) by Aerts et al, 2008. Kenya Sand Dams.
Community Based Adaptation Climate Change, poster for World Water Forum 2008. [Link]. Re mp e | et al, 2005. Water in the Sand:
Project; Lasage et al 2007, Potential for community based adaptation to droughts: Sand Dams in Kitui, Kenya, Physics and Chemistry of the Earth, Volume 33, Issues 1i 2, 2008, p
67i 73 and Pauw et al, 2008. An Assessment of the Social and Economic Effects of the Kitui Sand Dams Community based Adaptation to Climate Change, SASOL Foundation and
IVM Institute for Environmental studies Vrije University, Amsterdam, [Link]
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provides direct and indirect employment and the majority of funds circulate within the local economy. The skills
developed building sand dams are easily transferable to other sectors of construction and the labour-intensive, semi-
skilled nature of the work lends itself to on-the-job training.

-
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Photo 7: Community fishpondilled with water from a sand dam
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2.3.6  Tree nurseries

In dryland Africa, trees provide 90 % of fuel needs in rural areas and, on average, 1 to 2 hours/day are spent collecting
firewood. Charcoal production is a major driver of deforestation. Trees are an essential part of both rural livelihoods and
the fragile ecosystems of drylands. As well as fuel, they provide food, fruit, fodder, lumber and medicines. A sand dam
provides a year round source of water that enables seedlings to be watered in the dry-season and then transplanted at
the start of the rainy season resulting in a higher survival rate.

2.3.7 Reduced conflict

Where water is scarce and time consuming to collect, water may often trigger intra- and inter-community conflict.
Increased water availability reduces conflict especially where ownership and water-user rights are recognized and
protected within customary and statutory law.

2.3.8 Increased school attendance
Sand dams increase school attendance since children either spend less time looking for water themselves, or less time
looking after their siblings whilst their mothers look for water.®

Environmental impacts

2.3.9 Flood control

Sand dams create a natural buffer within a catchment that reduces flood peaks. A lack of vegetation and intense rainfall
means that semi-arid lands are particularly prone to flooding. For example, in the United States, 9 of the 10 largest floods
in history have occurred in catchments receiving less than 250 mm rainfall per year.

2.3.10 Downstream flows and aquifer rech arge

Sand dams transform the local ecology: The water held behind the dam spreads horizontally, recharging the aquifer

above and below the dam* and enables trees to naturally colonise the riverbanks. Flow modelling on dams in Kitui

County, Kenya foundthat 1-3% of the riverds discharge is retained behind
course towards the ocean.® The low figure is significant because it suggests no or little effect on downstream users or
ecosystems. However, some caution is required since this figure will vary with geography, catchment and dam size and a

higher percentage will be withheld in drier conditions. Throughout the year, some of the water held by a sand dam slowly

3 Mutuku, N.B., 2012. Impact of Sand Dams on Social Economic Status of the Local Inhabitants. A case of Kitui Central Division, Kenya. LAP LAMBERT Academic Publishing.
4 Hoogmoed, M., 2007. Analyses of impacts of a sand storage dam on groundwater flow and storage. MSc. Thesis, Vrije Universiteit, Amsterdam [Link]
5 Hut R et al. 2008 Effects of sand storage dams on groundwater levels with examples from Kenya, Physics and Chemistry of the Earth Vol. 33, no. 1-2, 56i 66
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seeps into the riverbanks and over and around the dam. This increases downstream, dry-season flows. This is
particularly apparent where sand dams are built in series along a river valley. Kenyan community elders report that rivers
which used to be perennial but which for several decades had been seasonal have reverted back to perennial streams
as a direct result of multiple sand dams being constructed along the river course. Studies of Kitui dams found that Sand
dams increase groundwater storage in river banks by 40 %° and groundwater is maintained throughout dry-seasons and
drought Many <cities within the worldés drylands rely on |
together with other water harvesting measures increase the yield and generating capacity of downstream reservoirs.

2.3.11 Climate ¢ hange resilience

Dryland regions are particularly prone to floods, droughts and extreme weather events and consequently vulnerable to
water and food scarcity. Drylands are considered particularly sensitive to global climate change. The direction and
magnitude of these changes is difficult to predict at the local level, although for most dryland regions, climate models
predict higher temperatures, decreased precipitation, and an increase in intensity and frequency of extreme events such
as droughts and heavy rainfall.” This vulnerability and unpredictability has led the Intergovernmental Panel on Climate
Change to conclude drylands are on the frontline of climate change.

A recent study8 shows fthat vegetation biomass is consistently, significantly and substantially higher at sand dam sites
than sites without sand dams through periods of water scarcity. This corroborates past research which identified related
impacts on ground water, land cover, and socio-economic indicators. Sand dams enhanced the resilience of vegetation
during drought disturbances, and an increase of Net Primary Productivity at sand dam sites is indicated. Both resilience
and productivity increase the adaptive capacity of drylands.o

When sand dams are integrated in a wider watershed management programme, they reduce the risk of flooding and the
impact of droughts and support community based climate resilience. Where sand dams are planned, built and managed
by community organisations, the process helps build the necessary organisational capacity for community-based

resilience.

2.4  Three models of applying sand dams

2.4.1 Community based approach
The majority of Kenyadbs sand dams have been buSatdtdamg gre
particularly well suited to a model where a community group builds, owns and operates the dam because:

1  Operation costs are low and maintenance and repair is simple and requires little technical support. As a result they
are particularly well suited to remote and poorly served regions.

1  Sand dams require significant community contribution and the skills of locally trained people.

The first step is to talk with the end-users to establish their needs and to establish that in their opinion, a sand dam is the
most appropriate solution. The key to their sustainability is community ownership, community involvement in decision
making and ensuring the dam meets the multiple needs of end-users. They have huge potential when incorporated in a
wider development programme such as food and water security, climate resilience, watershed management or social

protection programmes.

2.4.2 Sand dams as combined road -river crossings and water sources
Rural roads are critical to wider development enabling people and produce to get to markets and services such as health
and education to reach isolated communities. In flood prone drylands where roads cross seasonal rivers, culverts and

drifts are traditionally used. Maintenance and repair of these structures is often costly and problematic. Sand dams are

6 Borst and De Haas 2006. Hydrology of Sand Storage Dams. A case study in the Kiindu catchment, Kitui District, Kenya. M.Sc. Thesis, Vrije Universiteit, Amsterdam; [Link], Jansen
2007; Jansen, J., 2007, The influence of sand dams on rainfall-runoff response and water availability in the semi-arid Kiindu catchment, Kitui District, Kenya. M.Sc. Thesis, VU,
Amsterdam; Quilis et al, 2009 Measuring and modelling hydrological processes of sand-storage dams on different spatial scales Hoogmoed 2007; Hut et al., 2008 (Ref 5),

7 Sorensen, and Duchrow, 2008. Sustainable land management in drylands i Challenges for adaptation to climate change. [Link
8 Ryan, C., 2012. The potential for sand dams to increase the adaptive capacity of drylands to climate change. MSc thesis, Birkbeck College, London (unpublished).
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an alternative to culverts. When correctly designed, sand dams are durable and require little maintenance with the added

significant benefit that they also provide an important source of water.

Photo 8 below shows a sand dam road-river crossing in SE Kenya which provides a reliable, year round water supply.
The dam is 80 m wide with a spillway 3 m above the bedrock. The water flows through an infiltration gallery to a shallow
off-take well and then pumped at the rate of 50 m?/ day to 10 water kiosks, two schools and clinic. Sand dams also
create important crossings and corridors for people on foot and livestock because they raise and flatten the riverbed
upstream.

Photo8: A sand dam roadgtiver crossing, Makueni, Kenya.

2.4.3 Sand dams in nature reserves

Drylands are home to many of the most important nature reserves in the world.® They are major tourist attractions, focal
points of bio-diversity and sources of local and national income. In Kenya, for example, 13 % of GDP comes from dryland
tourism'®. However, the animals in these reserves are regularly threatened by drought. Large, permanent water points
such as boreholes may result in degradation hotspots due to the concentration of game. There is great potential for sand
dams to reduce this vulnerability. Sand dams improve water availability and vegetation. Elephants can dig down to allow
them and other animals to access the water. They require little maintenance and no operation costs. And sand dams, if

built in series, avoid degradation hotspots.

9Ei ght of the 25 global 66biodiversity hot s plantdssSbdrceiSdfechand Addele2005EgosyStems ane humantwellebeing:lcarrerg r nat i onal

state and trends. The Millennium Ecosystem Assessment [Link]
10 Mortimore.et al, 2009. Dryland Opportunities: A new paradigm for people, ecosystems and development, [Link]
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