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ATo showcase practicalrecommendations to tap
Into naturally available alluvial water in seasonal
sandy streams in the most costefficient manner.

ATo showcase simple but robust monitoring and
evaluation methods to select, site and design the
most cost-efficient water option in seasonal
sandy streams.



This presentation

1. Tapping into the natural alluvial capacity of the
riverbed.

2. Structures for enlarging the natural capacity of
the riverbed, If necessary.

3. Practical exercise.



If a sandy dry riverbed is able to yield
enough water to meet local community
needs, either in terms of numbers and/or
uses, there is no need to build a
subsurface dam or a sand storage dam!

A Always consider tapping into
already available water in the
riverbed with upgraded waterholes
and different types of shallow wells
connected to the reservoir

Why?
How to know If this Is the case?



It Is possible to tap into this water with little
Investment

A Low investment and low effort,
highest cost-efficiency, simplicity
and robustness

A Funds available can be invested on
pumping and conveyance systems
to make the water available at the
household and/or small -scale
Irrigation, among others !

A BUT: Need to be able to identify
where this water is, how much
there isandifitis enough to
meet the needs of the beneficiaries

Nissen-Petersen, 2006. Water from Dry Riverbeds. How dry and sandy riverbeds can be turned into water sources by hand-dug wells, subsurface dams, weirs and sand storage dams. ASAL Consultants
Limited for the Danish International Development Assistance: www.waterforaridland.com

Hussey, S. W. (2007). Water from sand rivers. Guidelines for abstraction. Water, Engineering and Development Centre (WEDC) Loughborough University of Technology.



How to systematically do this?

dentify asuitable catchment I\

dentify a suitable riverbed N

_ocate underground reservoirs and dykes

Evaluate sand storage capacity, water yield,

supply and cost-efficiency, water needs of

beneficiaries

5. Selectthe most cost-efficient, simple and
robust intervention

N A\ =

Note: We will not discuss steps 1 and 2 have already been implemented by the attendants of the course
in cooperation with K i t SEKY $niversity.



Natural storage of shallow groundwater in sandy dry riverbeds

For ariverbed to naturally supply water there must always be situateda
natural underground dike which prevent water from seeping downstream
through the sand and forms a natural underground reservoir

NissenPetersen, E. (2000). Water
from sand rivers. A manual on site

Down Stream

survey, design, construction and

maintenance of seven types of
bed Up Stream even typ

water structures in riverbeds.

RELMA. Technical Handbook No. 2

Dry river

trapping water upstream

NissenPetersen, E. (2000). Water from s&
maintenance of seven types of water stru

Nairobi.
Site for subsurface dam Sand drained of water by subsurface flow
Water Lewvel
.
Clay or murram Water trapped in sand by underground dyke
underground dyke WELL

Site for hand dug well or intake

nd rivers. A manual on site survey, design, construction and
tures in riverbeds. RELMA. Technical Handbook No. 23. Nairobi.

This is the reason why in some sections there is water during the dry season,
poor rainfall years and droughts, which are usually central water points for
local communities



Where Is this water?

Quick and simple yet accurate
methods to locate shallow
groundwater and underground dykes



How to find suitable sections in the
riverbed?

Location and types of water indicating trees
Location of waterholes and hand-dug wells
Location and types of rocks andboulders
Coarseness ofsand sediments

No calcrete

Avoid building in bends of the river

OOk wWwhE

Nissen- Petersen, 2006. Water from Dry Riverbeds. How dry and sandy riverbeds can be turned into water sources by hand-dug wells, subsurface dams, weirs and sand storage dams. ASAL Consultants
Limited for the Danish International Development Assistance: www.waterforaridland.com



How to locate underground
reservoirs and dykes



AA combination of 3 quick and simple methods:

[ 1) Waterholes with water during dry periods

[ 2) Natural indicators, especially, water -indicating
trees

[ 3) 1-day probing of the width and depth of sand
sediments in the riverbed

Nissen- Petersen, 2006. Water from Dry Riverbeds. How dry and sandy riverbeds can be turned into water sources by hand-dug wells, subsurface dams, weirs and sand storage dams. ASAL Consultants
Limited for the Danish International Development Assistance: www.waterforaridland.com



Waterholes in the riverbed during
the dry season

A Waterholes that yield water during the dry season indicate
the presence of shallow groundwater.

A The length of time and water used for the beneficiaries give
a first indication of the yield capacity of the riverbed .

NissenPetersen, E. (2013). Subsurface dams for water storage in dry riverbeds. ASAL Consultants Ltd., Kenya.
R g7




Natural indicators of shallow GW

1.

2.

3.

The most successfulnatural indicator of good -quality
ground water at shallow depth so far identified is Acacia
robusta (Munina).

Where this tree is found and supported by topographical

Indicators, ground water can be obtained at depths ofless
than 10 m.

Acacia gerrardii  (Muthithiu ), Acacia xanthophloea
(Mulela), and Fikus sur (Mukuyu) are all useful indicators
of ground water at shallow depth and their presence in
conjunction with A. robusta (Munina) confirms a good
site.

Absenceof termite mounds.

4. Greencoverduring the dry season

Woodhouse, Melvin. "Natural indicators of shallow ground water in Kibwezi divisioni
Kenya." Journal of the East Africa Natural History Society and National Museum 81.197 (1991):
1-13.



Other water -indicating trees ( Phreatophytes )

Botanical name Kiswahili Kikamba Depth to water
Cyperus rotundus Kiindiu 3mto7 m
Vangueria tomentosa Muiru Kikomoa 5mto10m
Grewia spp Ttiliku Ttiliku 7 mto1l0m
Markhamia lutea Muu Chyoo 8mtol15m
Hyphaene compressa Kikoko Tlala 9mto15m
Borassus aethiopum Mvumo Kyatha 9mto15m
Ficus vasta Mombu Mumbu 9mtolbm
Ficus natalensis Muumo Muumo 9mtol5m
Ficus sycomorus Mkuyu Mukuyu 9mtolbm
Kigelia Africana Mvungunya | Muatini 9mto20m
Newtonia hildebranditi Mganga Mukami 9mto20m
Acacia elatior Mgunga Munina 9mto20m

NissenPetersen, E. (2013). Subsurface dams for water storage in dry riverbeds. ASAL Consultants Ltd., Kenya.




.

Geophysical survey at the site level

1-day field survey to measure depth and width of sand sediments
of the specific section (500m-1,000 m) of the riverbed where the

groundwater dam is to be built A

1. To tap into the natural capacity of the riverbed in a cost-efficient
manner:
A The spillway should be built at the shallowest point where there
IS an underground dyke.
A The maximum depth of sand should be located downstream of

the spillway.

Nissen-Petersen, 2006. Water from Dry Riverbeds. How dry and sandy riverbeds can be turned into water sources by hand-dug wells, subsurface dams, weirs and sand storage dams. ASAL Consultants
Limited for the Danish International Development Assistance: www.waterforaridland.com

1. To disregard specific sites with low potential before the implementation
takes place (seepage, evaporation, siltation)

A Optimise performance, cost-efficiency and benefit to local communities

De Trincheria, J., Leal Filho, W., Otterpohl, R. (2017b). A field methodology for the evaluation of performance and cost-efficiency of groundwater dams in arid and semi-arid areas: A case study in Makueni, Kenya and
Matabeleland in Zimbabwe. Manuscript under preparation.



il
Probing

AThe most simple method to
survey the riverbed is to
hammer iron rods of 2-4 m
(14-16 mm) into the ground

AAlong 500 mi 1,000 m

A Sub-sections of intervals of
200r 10 m

AMeasurement of the depth of
sand and water at least once
In the middle of the sub-
section

A N e e d to m e aS u re Oth e r Nissen-Petersen, 2006. Water from Dry Riverbeds. How dry and
sandy riverbeds can be turned into water sources by hand-dug wells,
. subsurface dams, weirs and sand storage dams. ASAL Consultants
Varl ab I eS Limited for the Danish International Development Assistance:
www.waterforaridland.com




Other variables to record

¥
i)

Sheet (m). Location: Mwiwe riverbed Date: 20/11/04

i

Width | Depthto | Depth | Typeof |Floor | Heightof | Itemsseen
of water of sand ‘ sand | under the | river banks | on the .
sverbed | ssod | Left/Right | banks 1. Gradient of the
e ) 2080 | NO water 0S50 Mean ClEy | 1507 .30 Winigo
27 200 2420 | Nowater | 0325 Fine Clay | 130/ 1. 1 b d
3, 2000 2820 | Nowater | 028 Medmm Clay | 130/1.70 | Waterhole rlver e
gu‘lr 2000) 2550 Nowaser | 032 Medium | Clay | 142/1.84| Pawpaw
S! M00) 38 Nowser| 045 Coase|  Clay| 130/1.65 2 f d
6 2000 ' 3050 | No water | 0.85 Coarse Rock | 1.32/1.45 | Acacia tree " TeXtu re O San
i 71 2000 29.50 | No water 0.76 | Murram | Softrock | 1.32/1.50 Rock
' 8| 2000] 3300| Nowater| 1.00 | Coarse Clay | 1.97/1.55 | Waterhole 3 . F | O0Or un d er th e
9] 2000| 2362 0.20 1.25 | Medium Clay | 0.70/1.25 Fig tree
10! 2000! 23.62 | No water 0.50 | Medium Clay | 2.25/1.67 | Tele. Pole d
11! 2000 29.60 0.10 1.00 | Medium Clay | 0.70/1.35 Road San
12! 2000 32.90 | No water 0.59 | Medium Clay | 0.97/1.80 | Mukengeka .
131 2000] 2570 | Nowater | 0.55]| Medium Clay | 1.33/1.76 |  Kiindiu 4 H e g ht Of th e
| 14 20.00 20.00 2.00 3.00 | Medium Clay | 1.50/1.68 | Waterholes -
| 15 20.00 17.00 | No water 0.75 | Medium Clay | 1.32/1.56 | Fence post .
161 2000 26,00 0.10]  1.25] Coarse Clay | 1.85/1.60 | Orange tree rive rb an kS
17 20.00 22.69 | No water 0.93 Coarse Clay | 1.00/1.45 | Orange tree
18 20.00 18.40 | No water 0.50 | Medium Clay | 1.20/1.53 Munina 5 h
[i 19 20.00 17.50 | No water 0.50 Coarse Clay | 1.20/1.65 | Fence post . I te m S Se e n O n t e
’ 20 20.00 20.00 0.50 1.75 Coarse Clay | 1.46/1.58 Mwangi
| 21 2000| 29.00 060! 175| Coarse Clay | 1.75/1.67 Fig tree b an kS
g2 122.00 30.00 | No water 0.88 Coarse Clay | 1.13/1.58 Musewa
23 I 22.00 26.00 | No water | 0.45 Coarse Clay | 1.20/1.45 Kiindiu

Nissen-Petersen, 2006. Water from Dry Riverbeds. How dry and sandy riverbeds can be turned into water sources by hand-dug wells,
subsurface dams, weirs and sand storage dams. ASAL Consultants Limited for the Danish International Development Assistance:
www.waterforaridland.com



Specific yield of sand

8 Utr&s of
water to

Nissen-Petersen, 2006. Water from Dry Riverbeds. How dry and sandy
riverbeds can be turned into water sources by hand-dug wells, subsurface
dams, weirs and sand storage dams. ASAL Consultants Limited for the
Danish International Development Assistance:

www.waterforaridland.com

The specificyield is given by:
Nn=Ys/ Vg

where YS is the volume of drained water
(L) and VS is the volume of sand (L)



Longitudinal profile and plan

PLAN OF RIVERBED
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Nissen-Petersen, 2000. Water from sand rivers. A manual on-site survey,
design, construction and maintenance of seven types of water structures in
riverbeds. RELMA. Technical Handbook No. 23. Nairobi.



Hydrological evaluation of the reservoir

ATo evaluate if the water yield of the sand

reservoir can meet the water needs of the
beneficiaries

ATo identify the most cost-efficient option to
Implement
| Waterholes and/or hand -dug wells

" Pumping and conveyance systems
[ Subsurface dams

- Sand storage dams

De Trincheria, J., Leal Filho, W., Otterpohl, R. (2017b). A field methodology for the evaluation of performance and cost-efficiency of groundwater dams in arid and semi-arid
areas: A case study in Makueni, Kenya and Matabeleland in Zimbabwe. Manuscript underpreparation.



Simple and quick method to estimate sand storage
capacity and water yield

Theextractablevolume of water from a sand damis estimated using
the formula below multiplied by the extractionpercentage

Hudson, N. (1975). Field engineering for agricultural development. Clarendon Press, Oxford, UK.

Forexample
25%0f water can beextractedfrom 5,000m3sand =1,250m3 water

5%o0f water canbe extractedfrom 5,000m3 sand= 250m3 water

Nissen-Petersen, 2006. Water from Dry Riverbeds. How dry and sandy riverbeds can be turned into water sources by hand-dug wells, subsurface dams, weirs and sand storage
dams. ASAL Consultants Limited for the Danish International Development Assistance:
www.waterforaridland.com



