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From the Editor 

Preface by Ruth Schaldach 

This is the sixth volume of the RUVIVAL Pub-

lication Series. This open access publication series 

is developed within the e-learning project 

RUVIVAL, which you can visit under 

www.ruvival.de or www.hoou.de/projects/ruvival-

english. 

Our project is part of an initiative developed 

by the City of Hamburg together with all public 

universities in Hamburg to establish the Hamburg 

Open Online University (www.hoou.de). RUVIVAL 

is one of the first HOOU pilot projects and dedi-

cated to sharing knowledge necessary to face ris-

ing environmental challenges, especially in rural 

areas. The RUVIVAL production phase has final-

ised and this will be the last issue in the series with 

one last literature review. 

RUVIVAL collects practices and research con-

ducted at the Hamburg University of Technology 

(TUHH), but also from all over the world. Each con-

tribution in the publications is connected to fur-

ther interactive multimedia material, which can be 

found, read, tested, watched, shared and ex-

tended on the RUVIVAL website, sorted by topic 

into several toolboxes 

(https://www.ruvival.de/toolbox/). However, all 

materials will be stored for long term use on the 

HOOU platform and you can find the extended 

material related to the following text on Sand 

Dams here: 

 

www.hoou.de/projects/sand-dams 

 

Each volume of the RUVIVAL Publication 

Series takes on a topic, which represents a corner-

stone of sustainable rural development. The ap-

proach draws a systematic and interdisciplinary 

connection between water, soil, nutrition, climate 

and energy. Measures which enable sustainable 

use of land resources and improvements of living 

conditions are reviewed and new ideas developed 

with consideration of their different social, politi-

cal and demographic contexts. 

The following literature review was developed 

by a group of master students starting their re-

search and text work in WS 2018/19 on sand 

dams. This is a water conservation technique, 

which is simple, low cost and low in maintenance 

if applied well and this text provides information 

to do so. During the review process we invited 

again the broader public and other students in the 

review process. After this extensive review and dis-

cussion process we are now happy to publish this 

literature review. 

file://///pan.rz.tu-harburg.de/ou-c7a-home$/cco4127/RUVIVAL/Schriftenreihe/Volume%205/03%20Preface/www.ruvival.de
file://///pan.rz.tu-harburg.de/ou-c7a-home$/cco4127/RUVIVAL/Schriftenreihe/Volume%205/03%20Preface/www.hoou.de
https://www.ruvival.de/toolbox/
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Sand Storage Dams: A Tool to Cope with Water Scarcity 

in Arid and Semi-arid Regions 

Berenice Lopez Mendez, Lukas Schreiner and Samuel Duval 

‘Drylands are home to more than two billion people and are characterised by 

frequent, severe droughts. Such extreme events are expected to be 

exacerbated in the near future by climate change. A potentially simple and 

cost-effective mitigation measure against drought periods is sand dams. 

…sand dams enhance the resilience of marginal environments and increase 

the adaptive capacity of drylands. Sand dams can therefore be a promising 

adaptation response to the impacts of future climate change on drylands.’ 

(Ryan & Elsner 2016, p. 2087) 

 

 

 

 

 

 

 

 

 

Please cite as: Lopez Mendez, B, Schreiner, L, & Duval, S 2020, ‘Sand Storage Dams: A Tool to Cope with Water 

Scarcity in Arid and Semi-arid Regions’, in R Schaldach (ed), RUVIVAL Publication Series, Volume 6, Hamburg, 

pp.  4 - 19, <https://doi.org/10.15480/882.3075>. 

 

Abstract 

A sand storage dam is a type of groundwater dam, a rainwater harvesting technique consisting of both 

an impermeable structure built across sandy riverbeds in seasonal streams and a crest raised above the 

riverbed. These have the potential to increase the water storage capacity and the yield potential of sea-

sonal sandy rivers by trapping coarse sediments coming from the upstream catchment area in the dam. 

The optimal performance of a sand storage dam depends strongly on the proper selection of a suitable 

siting place, a tailor-made spillway design, which minimises the risk of siltation and appropriate con-

struction procedures. While water in sand storage dams is of good quality, this can be affected during 

abstraction, transportation or storage. 

Keywords: sandy riverbeds, water harvesting, sand-abstraction, abstraction system, siltation, reclamation activities 



Sand Storage Dams: A Tool to Cope with Water Scarcity in Arid and Semi-arid Regions 

www.ruvival.de 

 

5 

 

Introduction 

Sand storage dams are impermeable struc-

tures built across sandy riverbeds in seasonal 

streams with a crest raised above the riverbed 

(Lasage et al. 2008). This barrier traps coarse sand 

sediments transported by runoff and stores water 

in the voids of the accumulated material (Hanson 

& Nilsson 1986). A multistage spillway design 

aims to maximise the water yield capacity of the 

sand storage dam, in order to fulfil the water 

needs of riparian communities during dry periods 

(de Trincheria et al. 2016; de Trincheria, Leal & 

Otterpohl 2018). 

Sand storage dams are considered a type of 

groundwater dam, a macro-catchment water har-

vesting method that intercepts runoff, stores it in 

the sand and helps overcome water shortage dur-

ing dry seasons (Biazin et al. 2012; Datta 2019; 

Hanson & Nilsson 1986). Sand storage dams are 

also considered an in-channel modification tech-

nique, a managed aquifer recharge method 

(Dillon 2005; Gale & Dillon 2005; Tuinhof et al. 

2003). 

As reviewed by Biazin et al. (2012), rainwater 

harvesting and management (RWHM) techniques 

comprise practices of rainwater collection, storage 

and reuse, as well as land-use measures. In arid 

and semi-arid regions, precipitation is highly vari-

able in space and time and is frequently insuffi-

cient to allow crops to complete their growth cycle 

(Jaeger et al. 2017; Teel 2019). Therefore, RWHM 

practices are used to supply domestic or agricul-

tural water needs, to reduce surface runoff and 

evaporation, and also enhance infiltration (Biazin 

et al. 2012). In this regard, Lasage & Verburg 

(2015) suggest that large communal water har-

vesting structures, such as groundwater dams, 

have a lower cost per unit of captured water than 

small household storage structures. However, the 

former may require a larger initial investment and 

specialised technical knowledge (Lasage & 

Verburg 2015). 

The main aim of this literature review is to 

provide an overview of sand storage dams. First, 

background information related to sand abstrac-

tion systems and the functioning principles of 

groundwater dams are reviewed. Second, a gen-

eral overview of different characteristics of sand 

storage dams is given. Then, necessary considera-

tions are discussed, essential for designing and 

later for building a functioning, efficient and long-

lasting sand storage dam. Additionally, safe water 

extraction and challenges in the implementation 

process are considered. Finally, the siltation phe-

nomenon is shortly described, along with a sum-

mary on how silted-up sand dams can be further 

utilised (e. g. for riverbank reclamation activities or 

as an erosion prevention approach). 

 

Seasonal Sandy Rivers and Groundwater Dams 

Numerous researchers emphasise the im-

portance of seasonal sandy rivers as a source of 

water in arid and semi-arid regions (Biazin et al. 

2012; Datta 2019; Hussey 2007; Wipplinger 1958). 

When referring to the location of groundwater 

dams, the terms ‘seasonal’ and ‘ephemeral’ are 

used to describe the flow pattern and are some-

times used interchangeably, depending on the au-

thors (Lasage et al. 2008; Lasage & Verburg 2015; 

Nissen-Petersen 2000; Nissen-Petersen 2006). De 

Trincheria et al. (2015) distinguish between the 

terms ephemeral and intermittent as two types of 

seasonal rivers. A similar situation can be identi-

fied between the terms ‘river’ and ‘stream’ (Lasage 

et al. 2008; Nissen-Petersen 2000; Nissen-

Petersen 2006). In this case, a distinction is made 

in regard to the size of the water channel. Rivers 

are considered to be deeper and larger than 

streams (Datry, Bonada & Boulton 2017a). On top 

of that, eds Datry, Bonada & Boulton (2017b) give 
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an extensive description about intermittent rivers 

and ephemeral streams. 

Ephemeral streams are considered to flow di-

rectly in response to precipitation and to have 

flow patterns of short duration and low predicta-

bility (Datry, Bonada & Boulton 2017a; Goodrich 

et al. 2018; Hadley 1968). An intermittent river has 

a larger flow duration than an ephemeral stream. 

The flow fluctuates in response to temporal cycles, 

maintaining a continuous flow during wet periods 

(Datry, Bonada & Boulton 2017a; de Trincheria et 

al. 2015). 

Ephemeral streams are widely spread in dry-

lands1 (Goodrich et al. 2018; Thornes 2009). These 

regions are characterised by brief, high intensity 

rainfall, a low average annual precipitation, and a 

strong spatial, seasonal and inter-annual variabil-

ity (Pereira, Cordery & Iacovides 2009; Thornes 

2009). Also, runoff is variable and the flow patterns 

in watercourses are of short duration and low pre-

dictability (Datry, Bonada & Boulton 2017a; Jaeger 

et al. 2017). Further, groundwater contributions 

are limited (Jaeger et al. 2017). In these regions, 

the precipitation to potential evapotranspiration 

ratio (aridity index, AI) is less than 0.65 

(eds Cherlet et al. 2018, p. 72; Maliva & Missimer 

2012, p. 24). 

Sand rivers are defined by Walker et al. (2018) 

as unconsolidated alluvial deposits along water-

courses. Where geology of low permeability is 

found underlying a sand river, an alluvial river aq-

uifer is formed (Walker et al. 2018). Surface runoff 

from intense flows is the predominant form of re-

charge in alluvial aquifers, as the flood travels 

down a seasonal river after the river sand bed was 

saturated (Seely et al. 2003; Walker et al. 2018; 

Wekesa et al. 2020). 

The amount of water that is infiltrated and 

stored in the interconnected voids of the uncon-

 
1 Drylands cover around 40 % of the world’s land (eds Cherlet et al. 2018, p. 72). 

solidated sediments is typically described as the 

effective porosity of the alluvial material 

(Brassington 2017; Julien 2002). However, not all 

water can later be extracted; an indicator of the 

amount of water that can be drained from an aq-

uifer is the specific yield (Brassington 2017). 

Unconsolidated sediments generally tend to be 

more permeable; this means that they have a high 

specific yield (Brassington 2017). 

Seasonal sandy streams are a relatively effec-

tive and cheap source of water, which have the 

potential to fulfil the water needs of local commu-

nities (Lasage et al. 2015). A potential for water 

storage and abstraction exists in places where al-

luvial river aquifers have sufficient accumulation 

of coarse sand or gravel and where an underlying 

impervious or low-permeability layer is found to 

prevent seepage losses (Hanson & Nilsson 1986; 

Hussey 2007). 

To increase the yield capacity of seasonal 

sandy rivers, the use of groundwater dams is rec-

ommended. There are two types of groundwater 

dams: subsurface dams and sand dams (Hanson & 

Nilsson 1986). 

In a water stream, where a natural deposit of 

sand takes place, the construction of a subsurface 

dam helps to stop the underground water flow 

and to increase the natural water storage below 

ground (Hanson & Nilsson 1986; Hussey 2007). 

Hanson & Nilsson (1986) explain that when the 

foundations of a sand dam are constructed, a 

trench is excavated in the riverbed in order to 

reach the bedrock. Therefore, a subsurface dam 

can first be used to enhance the water yield in a 

sandy river. And later, the reservoir storage capac-

ity can be increased by expanding the dam above 

ground (Hanson & Nilsson 1986). A simplified de-

cision flowchart to both select between a sand 

storage dam and a subsurface dam and to also 
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determine if there is high siltation potential is 

given by de Trincheria et al. (2016). 

 

Basic Hydrogeological Principles of Sand Dams 

In a watershed, large quantities of eroded 

material are washed while rainwater drains into a 

particular stream; this material is also known as 

washload (Hicks & Gomez 2016). The washload 

constitutes a large part of the sediments trans-

ported by watercourses (Hussey 2007; Julien 2002) 

and is typically composed of clay, silt and fine 

sand (Hicks & Gomez 2016). Another source of 

sediments is the bed-material-load derived from 

the riverbed, typically composed of gravel and 

sand. The total transported material, called sedi-

ment load, consists of silt, sand, gravel and boul-

ders, among others (Chanson 2004). 

The most common forms of sediment 

transport in watercourses are bed- and suspend-

ed-load (Imran & Parker 2008). The bedload 

moves along the riverbed sliding, rolling or saltat-

ing and it is only found near the riverbed (Chanson 

2004; Imran & Parker 2008). Particles in the sus-

pended load are lifted and dispersed through the 

flow by turbulence (Armanini 2018; Hicks 2004). 

The unconsolidated sediments that are deposited 

and accumulated along the watercourses are 

called alluvium (Bridge 2004; Nanoso & Gibling 

2004). 

During rain events, sediments are transported 

along seasonal rivers by the runoff from an up-

stream catchment area. The watercourse gradient 

will determine the size of the sediments deposited 

along the riverbed (Hussey 2007). Rivers transport 

sediments from the upstream catchment area to-

wards the dam built across the riverbed. The sed-

iments slow down and settle in front of the dam. 

Thus, over time, the sand reservoir fills completely 

with sediments, forming an artificial alluvial aqui-

fer, which stores water from the rainy season in 

the voids between the sand particles (Lasage et al. 

2008; Lasage et al. 2015). Figure 1 illustrates the 

concepts of bed- and suspended-load described 

by Imran & Parker (2008) and Hicks & Gomez 

(2016) and also the concept of accumulation of 

sediments behind the wall of the sand storage 

dam illustrated by Onder & Yilmaz (2005). 

 

 

 

Figure 1 Bedload Transport & Concept of a Sand Dam 
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During the rainy season or any rain event, the 

sand storage dam is recharged. If it exceeds the 

storage capacity, excess water simply flows over 

the dam spillway (Onder & Yilmaz 2005). Then, 

water can be extracted from the reservoirs by the 

use of structures such as a waterhole, a hand-dug 

well, an infiltration pipe, a well shaft in the 

riverbank, an intake chamber with elevated water 

tank (Nissen-Petersen 2006) or by using a pump. 

 

Identification and Selection of a Suitable 

Construction Site 

Several authors point out the importance of 

site selection, as it greatly impacts the perfor-

mance of a sand storage dam (de Trincheria et al. 

2015; de Trincheria et al. 2016; Hanson & Nilsson 

1986; Hussey 2007; Nissen-Petersen 2000; Nissen-

Petersen 2006; RAIN 2008). Therefore, accuracy in 

site assessment is necessary in order to optimise 

dam design and to provide long-lasting benefits 

to the community (RAIN 2008). Further, de 

Trincheria et al. (2015) identify and discuss key 

factors affecting the performance of sand storage 

dams related to incorrect siting procedures. 

The purpose of conducting basic studies is to 

identify those riverbeds that are suitable for sand-

abstraction and to select optimum abstraction 

sites (Hussey 2007). Also, Hussey (2007) and RAIN 

(2008) point out the importance of selecting a site 

that is not only technically appropriate, but also 

socially suitable. There are three steps in the se-

lection of a site: identification of a potential catch-

ment, field inspection of the potential riverbed, 

and probing and evaluation of the properties of 

different section of riverbed (RAIN 2008). Moreo-

ver, Brassington (2017) describes an even more 

detailed breakdown of activities related to a hy-

drogeological survey and lists the following 

phases: desk study, walkover survey, exploration, 

monitoring programme, data management, water 

balance and conceptual model. 

Nissen-Petersen (2000; 2006) discusses spe-

cific characteristics that a potential site has to 

comply with in order to produce enough coarse 

sediments and build a functioning sand storage 

dam. Some of the primary factors of an optimal 

site are as follows: 

• The site is a valley floor in a seasonal sandy 

riverbed where coarse sediments trans-

ported by runoff are accumulated. The up-

stream catchment area should be large 

enough to provide a sufficient volume of 

coarse sand (Hussey 2007; Nissen-

Petersen 2000; Nissen-Petersen 2006). 

• The area should not contain calcrete, halite 

or other salty rocks, as these can dissolve 

in water and turn it saline (Nissen-Petersen 

2006, p. 5; RAIN 2008, p. 11). 

• The slope at the construction site should 

be flat to gentle, around 1 - 5 % (Hanson 

& Nilsson 1986, p. 499; RAIN 2008, p. 8). At 

this slope, two contrary effects are at equi-

librium. A steep slope leads to a high flow 

velocity; therefore, only the coarsest sedi-

ments (gravel, boulders) will settle and the 

infiltration rate will be low. On the other 

hand, an area with an extreme flat slope 

leads to a low flow velocity and conse-

quently, fine sediments settle producing 

siltation and reducing the water yield. As 

coarse particles and high infiltration are 

desired, an optimal siting site needs to be 

selected in order to maximise water stor-

age and yield potential (Gur & Spuhler 

2018; Hanson & Nilsson 1986; Hussey 

2007; Klopfer 2010; RAIN 2008). 

• The riverbanks must be high, and the 

width must be less than 25 m. The wing 

walls can be fixed to the sides and no ex-
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pensive reinforcement of the wall is 

needed (Nissen-Petersen 2006, p. 49; RAIN 

2008, p. 8, 12). 

• It is recommended to site the sand storage 

dam in a straight section of the river, where 

there are no bends 50 m upstream and 

25 m downstream, in order to prevent the 

damage to wing walls and the erosion of 

the riverbanks (Nissen-Petersen 2000). 

• There is an impermeable ground layer of 

clay or non-fractured rock beneath the 

dam and a natural subsurface dyke that 

prevents seepage (Hussey 2007; Nissen-

Petersen 2000; Nissen-Petersen 2006; 

RAIN 2008). 

• Sand dams should be sited on top of an 

already existing alluvial aquifer in order to 

optimise its performance and cost-

efficiency. The advantage is that natural 

reservoirs usually already contain sands of 

a high permeability and yield, which can 

interact with the artificial sand reservoir by 

infiltration and capillary forces (de 

Trincheria et al. 2015). 

After a potential site has been identified and 

an agreement with the community has been 

made, Nissen-Petersen (2000; 2006) and RAIN 

(2008) recommend conducting a detailed survey. 

The site assessment is an important and com-

plex undertaking. Hydrological information is of-

ten expensive, inaccurate and/or not sufficient for 

proper assessment, particularly in arid and semi-

arid areas (de Trincheria et al. 2016). Hussey (2007) 

gives a detailed overview of practical observations 

and tests for the initial identification of potential 

sites within suitable rivers. These include the fol-

lowing: the extent of the river catchment area, the 

size of the river and volume of sediment, the gra-

dient of the river, and characteristics of the sedi-

ment. Further, Nissen-Petersen (2000; 2006) com-

piles traditional knowledge and simple and low-

cost experienced based probing techniques for a 

practical and affordable site assessment. Some of 

the methods mentioned by Nissen-Petersen 

(2000; 2006) and Hussey (2007) for a site charac-

terisation include the investigation of: 

• local community knowledge, 

• estimation of water level depth by vegeta-

tion indicators, 

• height and shape of riverbanks, 

• porosity of sand, 

• gradient of the hillside, 

• expected storage capacity and yield of the 

dam reservoir. 

After a potential riverbed section has been se-

lected, Hussey (2007) recommends to determine 

the potential water storage capacity and yield by 

means of an accurate grading of the sediments. 

For this reason, extensive knowledge about the 

potential site and its physical characteristics is re-

quired. Further, a comprehensive understanding 

of geophysical and hydrogeological concepts re-

lated to runoff and sediment is also necessary. The 

characterisation of the selected riverbed section is 

required in order to estimate the potential storage 

and yield capacity (Hussey 2007; Klopfer 2010; 

Quilis et al. 2009; Walker et al. 2018). 

However, to predict the amount of coarse 

sediments which will be transported in the runoff 

is extremely complicated (de Trincheria et al. 2015; 

de Trincheria et al. 2016; de Trincheria, Leal & 

Otterpohl 2018). Runoff transports eroded mate-

rials, which are deposited when the energy of the 

flow cannot continue to carry them. The coarse 

sediments (e.g. those found in the bedload) ac-

count for only between 5 - 8 % of the total trans-

ported sediments (Alexandrov et al. 2009, p. 11; 

de Trincheria et al. 2016, p. 3; Powell et al. 1996, 

p. 394). In addition, the bedload transport is highly 

variable, depending on individual rain events. The 
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rainfall intensity has to reach a minimum thresh-

old in order for bedload transport to even take 

place. After studies performed on a gravel-bed 

ephemeral stream, Powell et al. (1996, cited in de 

Trincheria et al. 2016) and Alexandrov, Laronne & 

Reid (2003, cited in de Trincheria et al. 2016) 

showed that in one out of three runoff events, only 

fine sediments are entrained. 

 

General Design Recommendations 

Once an optimal location has been defined, 

the sand storage dam has to be designed accord-

ing to the given conditions of the site. Neverthe-

less, surveys are always required in order to find a 

fitting construction site and to determine the de-

sign parameters and the type of groundwater dam 

(Hanson & Nilsson 1986; Nissen-Petersen 2000; 

2006). The construction materials can vary accord-

ing to the affordability and availability of local re-

sources and labour at the construction site 

(Nissen-Petersen 2000; Nissen-Petersen 2006). 

The construction of the dam, especially the 

stage height, has to be adjusted so that only the 

coarse fraction of the sediments is retained and 

most of the fine material is carried over the spill-

way. According to de Trincheria et al. (2016), the 

determination of the stage height is thereby a 

case-by-case decision. Although the stage con-

struction method of sand storage dams was al-

ready described by Wipplinger in 1958, many sand 

dams have been built in one step (de Trincheria et 

al. 2015; de Trincheria et al. 2016; de Trincheria, 

Leal & Otterpohl 2018). There are no unified crite-

ria on the technical design. This issue requires fur-

ther data collection and research (de Trincheria et 

al. 2015; de Trincheria et al. 2016; de Trincheria, 

Leal & Otterpohl 2018). 

According to de Trincheria et al. (2016), long-

term studies are often too expensive in arid and 

semi-arid areas; therefore, they introduce a pre-

cautionary decision guide which contains stage 

height recommendations based on relevant long-

term scientific and empirical studies, summing up 

the most relevant literature. This decision guide 

describes the stage height as a function of the key 

hydrogeological variables with the strongest influ-

ence on bedload transport, which take into 

account: 

• the predominant particle grain-size of the 

original riverbed (coarse, medium, fine), 

• the type of seasonal riverbed (intermittent 

or ephemeral) and, 

• the number of rainy seasons per year. 

The guide then suggests a stage height for 

good or poor years, depending on the desired 

predominant particle size of the final reservoir (de 

Trincheria et al. 2016). In general, a minimum 

stage height of 20 cm is suggested if the maxi-

mum height can be reached within the project 

time frame (de Trincheria et al. 2016, p. 9). For ex-

ample, for an ephemeral stream, a typical final 

spillway height of 1.5 – 5 m can be reached within 

a typical project time of 1 – 3 years under an uni-

modal rainfall season during good or normal rain-

fall years (de Trincheria et al. 2016, p. 5-6, 8). 

A practical guide on survey, community en-

gagement, design and construction steps of sand 

storage dams is given by Maddrell (2018). Also, an 

overview on the planning steps is given by RAIN 

(2008) in ‘A practical guide to sand dam imple-

mentation‘. Furthermore, Nissen-Petersen pro-

vides a manual (2000) and a technical handbook 

(2006), where simple techniques and affordable 

construction systems for extracting water from 

sandy rivers are described. 

 

Overview of Construction Procedures 

Once a site survey is conducted and a step-

height is defined, the construction can be 

planned. The most cost-efficient method is to 
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build the base (underground section) and the 

wing walls according to the final height. The spill-

way in the centre can be raised step-by-step (de 

Trincheria et al. 2016). The construction process 

usually follows the steps below. 

1. A deep trench is dug across the riverbed 

where there is a natural underground dyke 

in order to increase the storage volume (de 

Trincheria & Nissen-Petersen 2015). In or-

der to avoid seepage, the trench is dug un-

til either the bedrock layer is reached or 

there is at least 1 m of another stable, im-

permeable soil layer (Nissen-Petersen 

2006, p. 48). If built on top of an aquifer, it 

also needs to be sealed by reaching down 

to the rock layer (Klopfer 2010). Then, the 

first stage above ground can be built. 

2. The wall is raised step by step. The next 

step can be built once the previous stage 

is filled with runoff (Gur & Spuhler 2018). 

The materials used to construct the dam de-

pend on local availability. Sand dams are defined 

by the materials used to construct them (Nissen-

Petersen 2000). These types are the following: 

• stone-masonry dams made of concrete 

blocks or stones, 

• steel reinforced concrete dams, 

• earth dams with impermeable clayey soil 

or black soil, 

• dams made of other local materials, e.g. 

from a termite hill, which is also used for 

sealing houses (Klopfer 2010). 

Concrete dams are more stable, but the most 

reasonable option always depends on what is 

available and the expertise of local craft labour. 

For concrete dams, waterproof Portland cement is 

necessary, which may be difficult to obtain. Also, 

the large water demand for all these types of dams 

might be challenging and needs to be considered. 

Nissen-Petersen (2006) gives some rules of thumb 

for the dimensions of the dam wall and wing walls 

(Figure 2): 

• the width of dam base is ¾ of the dam 

height, 

• the wall thickness is 55 % of the dam 

height, 

• the crest thickness is 1/5 of the dam 

height, 

• the wall leaning downstream has a gradi-

ent that is 1/8 of the dam height, 

• the apron must be reinforced; placing 

large stones onto which the spill-over will 

fall will reduce the spill-over force, pre-

venting apron concrete undercutting, 

• the wing walls on the sides should be built 

with an angle to the main dam in order to 

prevent overflowing, especially if the 

riverbank is low. 

  

Figure 2 Dam Wall Dimensions, Based on Nissen-

Petersen 2006 (2006, pp. 51–2) 

Further details on the construction criteria 

and of sand storage dams can be found in the 

handbook ‘Water from Dry Riverbed‘ by Nissen-
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Petersen (2006) and in the ‘Sand Dams Manual‘ by 

Maddrell (2018). 

 

Water Separation and Abstraction from Sand 

Dams 

There are different methods to separate and 

extract water stored in a sand dam. Hussey (2007) 

gives a comprehensive description of sand-

abstraction systems for the effective separation of 

water from sediments. The selection of the most 

suitable system will depend on the sediment con-

ditions, the materials available and the local com-

munity requirements (Hussey 2007). 

The simple, but less favoured method is the 

scoop hole. A hole is dug by hand in the sand, and 

water is drawn as it seeps into the hole. A scoop 

hole can easily be damaged by the river flow and 

filled by runoff sediments (Hussey 2007; Nissen-

Petersen 2006). When scoop holes are not effec-

tively managed, these could compromise the wa-

ter safety of the whole reservoir by introducing 

pollutants (Quinn et al. 2018). Water is filtered 

through the riverbed over a long distance. There-

fore, holes used by the local population should be 

close to the dam. Also, animals should be kept 

away to prevent manure contamination. Addition-

ally, water abstracted with a scoop hole should al-

ways be boiled before drinking (Hussey 2007; 

Quinn et al. 2018; RAIN 2008). 

Another abstraction method is to construct a 

well. This is a better alternative since water is al-

ways kept underground and protected from evap-

oration and contamination (Hussey 2007). For bet-

ter sustainability, the well needs to be covered and 

properly maintained. The water lifting can be done 

with a rope and a bucket or with a hand, centrifu-

gal or submersible pump. Hand pumps are often 

the easiest to maintain for small communities. The 

location of the well is very important. Both tech-

nical and social aspects need to be considered. 

The location where the water yield is the highest 

is often where the riverbed is the deepest. This will 

require an adequate protection to prevent dam-

ages to the well caused by floods. An alternative 

is to position the well in the riverbank. Even 

though this will increase the initial cost, the poten-

tial damage from floods is reduced and the 

maintenance will be less demanding. Further-

more, wells are recommended to be built close to 

the previous location of scoop holes used by the 

community. This prevents the local population 

from continuing to drink water which may be con-

taminated (Hussey 2007; Nissen-Petersen 2006; 

RAIN 2008). 

A third water extraction method consists of an 

outlet tap connected to an infiltration pipe. This is 

a net of perforated pipes placed at the bottom of 

the riverbed through which water is collected and 

directed towards the tap. The pipe should be 

shielded so as to prevent sand and silt from enter-

ing. It should be located just above the imperme-

able layer and covered with a layer of coarse 

gravel and a layer of coarse sand. The tap can be 

located in the dam wall or on a borehole in the 

riverbank. However, it has some disadvantages. 

The outlet could weaken the structure of the dam 

wall and the maintenance of the system could be 

complicated and expensive (Hussey 2007; Nissen-

Petersen 2006; RAIN 2008). 

There are numerous output/lifting mecha-

nisms such as by hand or bucket, tap, animal 

trough, hand pumps or diesel/electric/solar 

pumps (Hussey 2007; Maddrell 2018; Nissen-

Petersen 2006). Maddrell (2018) and Hussey 

(2007) give an extensive overview of the intake 

and output mechanisms for water abstraction, 

while Nissen-Petersen (2006) describes some of 

the most cost-efficient and low maintenance wa-

ter abstraction systems for riverbeds. 
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A study carried out by Quinn et al. (2018) sug-

gests that the quality of water in sand storage 

dams represents a low microbiological risk. In a 

sand storage dam, runoff permeates through the 

sand storage dam, similar to a slow-sand-filter 

(Quinn et al. 2018). Also, the water stored in the 

sand storage dam is protected from contamina-

tion and sunlight (Hussey 2007). These factors re-

sult, in general, in a good water quality (Avis 2016). 

However, water quality could be affected dur-

ing abstraction, mostly if the abstraction method 

is a scoop hole, which shows higher levels of mi-

crobial contamination than covered wells (Quinn 

et al. 2018). Also, Avis (2016) states that contami-

nation of water may be introduced during 

transport and storage before final use. Therefore, 

hygienic training and maintenance are extremely 

important to preserve water quality from sand 

storage dams (Avis 2016). 

 

Benefits and Constraints of Sand Dams 

In a sand storage dam, the water is stored in 

the sand, shielded from the sun and wind (Klopfer 

2010). Evaporation is limited to the upper soil 

layer as it occurs only until a soil depth of 60 cm 

(Liu et al. 2015, p. 8699; Nissen-Petersen 2000, 

p. 2). If the water is stored underground, it is also 

shielded from contamination. Similarly to what 

happens with groundwater, the infiltration of 

pollutants is delayed or even totally prevented, as 

the sand reservoir acts as a natural filter (Avis 

2016; Klopfer 2010; Onder & Yilmaz 2005; Quinn 

et al. 2018). Since there are no open water sur-

faces, the reproduction of malaria mosquitos is in-

hibited (Klopfer 2010; Yohannes et al. 2005). 

Women oftentimes have to spend several 

hours a day and walk many kilometres in order to 

get water, which imposes a heavy physical burden 

on them (Hussey 2007; Nissen-Petersen 2006). A 

nearby sand dam can significantly reduce the dis-

tance and time to get water (Lasage et al. 2015). 

Residents have shown to use this saved time for 

more productive activities, like taking care of the 

household or generating income. Furthermore, 

with more water and time at hand, people are able 

to adapt and implement improved agricultural 

techniques. After comparing interviews in two 

communities, one with a sand storage dam and 

one without one, Lasage et al. (2008) concluded 

that the increase of water availability results in 

higher farm yields and an increase on the average 

income of farmers. Thus, a sand dam can lead to 

improved agricultural production and food secu-

rity, as well as increased income (Hussey 2007; 

Lasage et al. 2008; Pauw et al. 2008). 

There are a few negative influences on the 

downstream area. Between 2 – 4 % of the runoff 

water is retained (Aerts et al. 2007; Borst 2006, 

p. 6, 83; Klopfer 2010; Pauw et al. 2008, p. v, 48). 

However there are discrepancies between 

modelling approaches and results, that suggest 

that the downstream impacts are still uncertain 

(Lasage et al. 2015). 

Each sand storage dam is a unique structure, 

whose design must be adapted to the specific 

conditions of the site to attain the maximum pos-

sible accumulation of coarse sediments. The stor-

age and yield capacity can be maximised by 

choosing the right stage height (de Trincheria et 

al. 2015; de Trincheria, Leal & Otterpohl 2018; 

Nissen-Petersen 2000). 

Special considerations must be made before 

selecting a sand storage dam as part of a water 

supply project. Sand storage dams have limita-

tions. One of these is their rather high technical 

complexity, at least in comparison to subsurface 

dams (Butterworth, Adank & Boelee 2014; Klopfer 

2010). A sand storage dam has specific technical 

requirements that need to be fulfilled. For a func-

tioning and efficient water supply, two things are 
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essential: a fitting construction site (Ali et al. 2014; 

Hussey 2007; Nissen-Petersen 2006) and an opti-

mal design (de Trincheria et al. 2016; de Trincheria, 

Leal & Otterpohl 2018). 

Sand storage dams are a more expensive way 

of extracting water from sandy riverbeds in com-

parison to subsurface dams or other small scale 

structures (Lasage & Verburg 2015). In situations 

where the alluvial riverbed has a limited accumu-

lation of sediments and the underground water 

reservoir is not large enough to hold sufficient wa-

ter for all the residents, a sand storage dam can 

be a good alternative. The sand storage dam will 

increase the storage capacity and yield (Hussey 

2007; Nissen-Petersen 2006). 

 

Silted-up Sand Dams 

Certain generally accepted design recom-

mendations – including the evaluation of the 

catchment area, construction stages of the spill-

way, the height of the wing walls and the spillway 

– are well established and were discussed in pre-

vious sections. When those recommendations are 

not met, there is a high risk that the yield potential 

of the sand storage dam be significantly reduced 

(de Trincheria et al. 2016; de Trincheria, Leal & 

Otterpohl 2018). Inappropriately designed sand 

storage dams could lead to an accelerated silta-

tion of the system. 

Siltation is a phenomenon that affects the 

performance of sand storage dams, which means 

that the capacity of the dam to store and yield wa-

ter is reduced (de Trincheria, Leal & Otterpohl 

2018). As explained by Nissen-Petersen (2006), 

coarse sand must be trapped, while fine sand and 

lighter silt have to flow over the sand dam spill-

way. However, when a combination of soil, silt and 

clay is trapped behind the dam, this can result in 

a compacted hard layer that could significantly re-

duce the water yield (Nissen-Petersen 2006). An 

adequate design of the spillway in sand storage 

dams will significantly reduce the risk of siltation 

(de Trincheria, Leal & Otterpohl 2018). 

In regard to the selected construction site, 

Nissen-Petersen (2006) recommends low gradient 

catchments and catchments that contain farmland 

should be avoided, as they originate silt and fine 

sand and slow down the velocity of flash floods. 

This allows fine particles to settle in the riverbed, 

generating siltation. 

De Trincheria, Leal & Otterpohl (2018), de 

Trincheria et al. (2015) and de Trincheria et al. 

(2016) studied the performance of sand storage in 

arid and semi-arid areas and discuss factors that 

may lead to siltation and poor performance and 

how to minimise siltation. De Trincheria, Leal & 

Otterpohl (2018) point out that one of the main 

factors leading to siltation is the high inter- and 

intra-annual variability of bedload transport cou-

pled with the construction of a one-stage spillway. 

At best, a multi-year study of the sediment 

transport capacity and hydrodynamic flow varia-

tions in the stream should be conducted to esti-

mate the stages and height of a spillway that will 

maximise the accumulation of coarse sediment at 

a specific site (de Trincheria et al. 2016; de 

Trincheria, Leal & Otterpohl 2018). However, this 

could be a complex and time-consuming task that 

could lead to high costs. An alternative could be a 

spillway raised in fixed stages of reduced height 

defined on a case by case basis (de Trincheria et 

al. 2016; de Trincheria, Leal & Otterpohl 2018). 

The existence of several silted-up sand dams 

points out the need to offer suitable alternatives 

to these structures. Some alternatives proposed 

by de Trincheria et al. (2016) are: 

• reconstruction of the spillway, 

• dredging, 

• holistic agricultural and land reclamation 

activities, 
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• application of a smart agroforestry system, 

as well as water and soil conservation prac-

tices to enhance the water retention 

capacity and, 

• holistic riverbed and riverbank reclamation 

activities. 

Sand storage dams are not isolated storage 

structures. They have the potential, in the long 

term, to increase the moisture within the soil pro-

file and recharge groundwater (Quinn, Rushton & 

Parker 2019; Ryan & Elsner 2016). This provides 

soil and water conservation benefits along the ad-

jacent riverbanks, increasing vegetation and re-

ducing soil erosion (Knoop, Sambalino & van 

Steenbergen 2012). Raising the groundwater table 

has an effect on soil moisture, which in turn has a 

positive impact on vegetation in the surrounding 

areas of sand storage dams (Ryan & Elsner 2016). 

 

Conclusion 

Unconsolidated alluvial deposits with low 

permeability are found along sandy rivers; there, 

water is infiltrated and stored in the intercon-

nected voids of the sediments. Hence, ephemeral 

sandy rivers are a suitable source of water, where 

unconsolidated alluvial deposits and an underly-

ing low permeability layer exist. 

Groundwater dams are a suitable rainwater 

harvesting technique to increase the water yield in 

ephemeral sandy rivers. A sand storage dam, 

which is a type of groundwater dam, is an imper-

meable structure built across sandy riverbeds in 

seasonal streams, with a crest raised above the riv-

erbed. This structure traps coarse sediments com-

ing from the upstream catchment area in the dam 

built across the riverbed. During the rainy season, 

runoff permeates through the sand stored in the 

dam. There, water is protected from the sun and 

wind, reducing evaporation losses. It is stored for 

further use during the dry season. 

It is advisable to have a site assessment done 

with a multi-year study of the sediment transport 

capacity and hydrodynamic flow variations in the 

sandy river. However, due to economic and time 

constraints, there are also practical and affordable 

site assessment techniques that can be employed. 

The design of the sand storage dam, particularly 

the stage height of the spillway, should be 

adapted according to the conditions of the se-

lected site. It is suggested that some factors, such 

as the predominant particle grain-size of the riv-

erbed, the expected sediments in the reservoir, 

the type of seasonal river and the number of rainy 

seasons per year, should be taken into account. 

The materials chosen for the construction will 

depend on local availability. Also, the water ab-

straction system will depend on the materials 

available and the local community practices. How-

ever, the high-quality water stored in the sand 

could be affected during abstraction, transporta-

tion and/or storage before use. Therefore, the ab-

straction method requires careful selection, and 

additional hygienic and maintenance training 

must be taught to the community. 

Siltation is the result of the accumulation of 

clay and silt along with sand and leads to a signif-

icant reduction of yield potential. Though this is a 

natural phenomenon, siltation can be systemati-

cally minimised. Else, high costs, low yields and sil-

tation could be faced. In contrast, well-designed 

sand dams are an effective tool for water harvest-

ing and enhancing the water yield of pre-existing 

systems such as subsurface dams. 

 

Image Credits 

Figure 1 (p. 7) Bedload Transport & Concept of a Sand 

Dam <https://doi.org/10.15480/882.3075> by 

Berenice Lopez Mendez is licensed under CC BY-

SA 4.0 <https://creativecommons.org/ 

licenses/by-sa/4.0/>. 
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Figure 2 (p. 11) Dam Wall Dimensions 

Based on Nissen-Petersen (2006, pp. 51-2). 
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