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Dedication  

This guide is dedicated to the memory of Joshua Silu Mukusya (1949 - 2011), a true visionary and one of the original 

pioneers of sand dams. Joshuaôs knowledge of sand dams was unrivalled. For over 30 years he worked tirelessly to help 

hundreds of communities to work themselves out of poverty. He was the one of the original pioneer of sand dams in 

Kenya, but his work didnôt stop with sand dams. His mission to find the best solutions to the many challenges faced by 

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 

Joshuaôs experience and that of his son, Andrew Musila Silu. Without the generous sharing of this knowledge, this guide 

would not have been possible. 

 

Photo 1: Joshua Silu Mukusya 
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Glossary and abbreviations  

50-year (or lifetime) flood The flood level expected to be equalled or exceeded every 50 years on average 

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

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

Aquifer  A layer of permeable water-bearing rock or unconsolidated sediments 

Apron Concrete platform at the base of the dam that prevents undercutting 

Auger A tool to drill holes in the ground 

ASDF African Sand Dam Foundation 

Bank-full flow  Discharge when the main river channel is flowing full   

Base-flow Subsurface flows through riverbed sediments 

Catchment or watershed The area drained by a river 

Cost-effectiveness A damôs yield relative to its cost 

Crest The highest point of the sand dam 

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

Curing or hydration The chemical process that causes cement to harden  
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Haffir A shallow clay-soil pond that collects and stores surface run-off 

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

PESTLE analysis Political, Economic, Social, Technical, Legal and Environmental analysis 
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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 
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l Litre, 1 litre of water weighs 1 kg m
3
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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 I 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. 

I 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 I like the passion and the people behind them. I 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. 

I 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. 

 

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 

worldôs sand dams are located. The primary purpose is to capture this experience in order to inspire and guide 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 readersô comments and suggestions for improving later editions of this guide. Please send 

feedback to projects@excellent.org.uk.  

mailto: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 is one of the worldôs lowest-cost rainwater harvesting solutions. Sand dams are a simple, robust, low 

maintenance, rainwater harvesting technology that provides a clean, year-round, local water supply for domestic and 

productive uses and are widely suited to the worldôs dryland regions. They act as a catalyst for wider development. Sand 

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. 

 

Figure 1: 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 ï 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. 
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Photos 2 -5: The stages of a sand dam filling with sediment  

Photo 2: The original site [1]; Photo 3: Immediately following construction [2]; 

Photo 4: Filled with water after first rains [3]; Photo 5: Mature dam filled with sand after 2 years [4] 
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2.2 A brief history of sand dams  

The technology is centuries old. There are accounts of similar structures from Sardinia in Roman times
1
 and in Mexico in 

the 18
th

 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 II. 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.  

 

Photo 6: Tallest known sand dam on the Hoanib River in Namibia. Credit: 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: 

 

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 

quality and diversity of peoplesô diet and saves them money. Vegetables may be grown and harvested in the dry-season 

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]. Rempel et al, 2005. Water in the Sand: An Evaluation of SASOLôs Kitui Sand Dams 
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 1ï2, 2008, p 
67ï73 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]  

Indicator  With dam  Without dam  

Less months of primary water source depletion 2.5 -0.2 

Change in distance to primary water source -2016 m +23 m 

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 (ú/year) +270 -380 

Malnutrition  decreased increased 

Table 1: Summary of socio-economic benefits of sand dams in Kitui, SE Kenya (Source: Aerts et al) 2 

 

http://adapts.nl/perch/resources/poster-afrikadag.pd%5d%5bLink%5d
http://dare.ubvu.vu.nl/bitstream/1871/20935/2/R-08-08.pdf
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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. 

 

Photo 7: Community fishpond filled with water from a sand dam 

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.
3
 

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
4
 and enables trees to naturally colonise the riverbanks. Flow modelling on dams in Kitui 

County, Kenya found that 1 - 3 % of the riverôs discharge is retained behind a dam. The remainder continues its natural 

course towards the ocean.
5
  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, 56ï66 

http://www.samsamwater.com/projectdata.php?projectid=46
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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 %
6
 and groundwater is maintained throughout dry-seasons and 

drought. Many cities within the worldôs drylands rely on large reservoirs to supply their power and water. Sand dams 

together with other water harvesting measures increase the yield and generating capacity of downstream reservoirs. 

2.3.11 Climate c 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.
7
 This vulnerability and unpredictability has led the Intergovernmental Panel on Climate 

Change to conclude drylands are on the frontline of climate change.  

A recent study
8
 shows ñthat 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.ò  

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 Kenyaôs sand dams have been built by community groups supported by local NGOs. Sand dams are 

particularly well suited to a model where a community group builds, owns and operates the dam because: 

¶ 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.  

¶ 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 Sörensen, and Duchrow, 2008. Sustainable land management in drylands ï 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). 

http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDEQFjAA&url=http%3A%2F%2Fwww.samsamwater.com%2Flibrary%2FL_Borst_SA_de_Haas_-_Hydrology_of_Sand_Storage_Dams_-_A_case_study_in_the_Kiindu_catchment_Kitui_District_Kenya_-_rev1.pdf&ei=hc1KUovNDOeG0AXw14H4BQ&usg=AFQjCNE756WMXYOlzfyaKleaLdW6OOFtUA&sig2=AKEPDhRl_i8w7UuBgfzocw&bvm=bv.53371865,d.d2k
http://data.iucn.org/dbtw-wpd/edocs/2008-023.p%5bLink%5d
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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
3 

/ 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. 

 

Photo 8: A sand dam road-river 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.
9
 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
10

. 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. 

                                                      

9 Eight of the 25 global óóbiodiversity hotspotsôô identified by Conservation International occur in drylands. Source: Safriel and Adeel, 2005, Ecosystems and human well-being: current 
state and trends. The Millennium Ecosystem Assessment [Link]  

10 Mortimore.et al, 2009. Dryland Opportunities: A new paradigm for people, ecosystems and development, [Link]  






























































































































































