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Goal

To showcase practical recommendations

t hat can facilitate t
sand storage damsadad | n
areas, l.e.:

I Systematic optimal performance and cedficiency
evels in different hydrogeological environments.

I Robustness to siltation, evaporation and seepage.

I Robustness to variability of rainfall, runoff and
sediment transport.

I Minimisation of construction costs.

I Higher lifespan and robustness to floods.

Rural Water Supply Network :
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This presentation

What is a SD?

What is siltation?

Why SDs are vulnerable to siltation?
How does siltation affect SDs?

How many silted-up SDs are out there?
Investment on silted-up SDs
Minimising siltation

Minimising seepage losses
Minimising evaporation losses

10. Construction recommendations

11. Restoration of silted-up SDs

© 0N AEwDdhRE



What is a sand storage dam?

accumulated

AA sand reservoir which can continuously fulfil the
water needs of beneficiaries during the entire dry
season.

A AN increase in the volume of sand sediments on
the original riverbed.

De Trincheria, J., Wibbing, J., Leal Filho, W., Otterpohl, R. (2016). Practical recommendations to prevent, restoreildatersittaldbup sand storage dams in arid and serid areas.
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Hydrogeological working principle of a SD
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Source figure:
https://iwww.google.com/imgres?imgurl=http%3A%
2F%2Fimages.slideplayer.com%2F16%2F4887759
%2Fslides%2Fslide_4.jpg&imgrefurl=http%3A%2F
%2Fslideplayer.com%2Fslide%2F4887759%2F&do
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, Suspended
Ioad

Coarsest particles rolling
and sliding on bottom as
bed load

Click it!: https://www.qgeolsoc.org.uk/ks3/webdav/site/GSL/shared/Animations/Sediment%20animation.swf

De Trincheria, J., Wibbing, J., Leal Filho, W., Otterpohl, R. (2016). Practical recommendations to prevent, restoreiléatersiigolup sand storage dams in arid and serid areas.

w02y FSENBYOS LI LISNB® TiGK w2 {b C2NMHzyY a2 2iD&NDIF.2 NI 9 GSNEB2Yy S¢

l6AR2lIYSXS /5G8S RQL@2ANS


https://www.geolsoc.org.uk/ks3/webdav/site/GSL/shared/Animations/Sediment animation.swf

e FlOW direction ==+

Hydrogeological working principle of a SD
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Clast collides and bounces
another into water

A Maximise coarse grain-size sediments of high permeability.
A Minimise fine grain-size sediments of low permeability.

LI LIS NB

A Exclusive accumulation of the bedload transport.
w02y FSNByOS

De Trincheria, J., Wibbing, J., Leal Filho, W., Otterpohl, R. (2016). Practical recommendations to prevent, restoreilgatersiigiolup sand storage dams in arid and serid areas.
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What is siltation?

A Siltation is the
accumulation of large
volumes of low-
permeability fine grain-size
sediments In the reservolr.

Picture: Josep de Trincheria

A Why? A The Splllway .i PR Dlssolvedandsuspended load S
blocks portions of the @f@ @@w gt s
suspended load. s & KRB SRS

Saltation Tractlon

De Trincheria, J., Wibbing, J., Leal Filho, W., Otterpohl, R. (2016). Practical recommendations to prevent, restoreiléatersiigolup sand storage dams in arid and serid areas.
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Why are SDs vulnerable to siltation?

1. Height of the spillway increases fine grain-size
sediment deposition.

2. The bedload transport is a minority component of
the total sediment load in the runoff.

3. The bedload transport is highly variable both inter-
and intra-annual variability, in spite of the geology
of the site.

4. One-stage spillway does not take into account the
1-3 and it is widely replicated in Kenya

De Trincheria, J., Wibbing, J., Leal Filho, W., Otterpohl, R. (2016). Practical recommendations to prevent, restoreildatersifigotup sand storage dams in arid and serid areas.
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Table 111, Channel-average bedload flux and hydraulic parameters for the ephemeral gravel-bed Mahal Yatir, northern

Negev Desert
Bedload Depth  [Hydraulic Water surface Discharﬁe Shear stress  Power
Date and time  (kgm™' 57" {m) Fadius (m) slope (%) {m® 571 Nm) W m™%)
&/1/91 14:34 369 0-46 038 70 37 270 74-9
B/1/91 1435 466 {50 0-41 ] 41 295 543
81,91 1437 337 038 046 072 48 136 101-0
8/1/91 14:38 4-54 064 047 73 50 354 106-3
£/1/91 14:39 632 0-60 0-47 075 50 157 108-7
B/1/91 1440 513 059 0-46 075 49 355 107-4
8/1/91 14:41 633 0-60 0-47 074 50 153 1069
#/1/91 14:42 105 059 047 0-76 4.9 361 109-3
B/1/91 14:43 662 59 047 077 49 67 1112
B/2/91 B:3% 092 020 018 0-84 12 156 294
8/2/91 841 081 020 018 083 12 156 29-1
8291 853 0-33 015 0-14 0:83 07 -7 174
8/2/91 855 020 o-14 013 083 07 113 160
8/2/91 9:55 034 0-le G153 0-84 08 127 201
8/2/91 %57 048 0:17 013 0-85 a9 13-4 2E
B/2/91 9.58 0-45 @17 016 087 10 142 242
8/2/91 10:00 102 021 019 091 1-2 177 43
8/2/91 1401 138 0-24 031 093 14 204 434
8/2191 1002 206 0-27 024 094 -8 227 30-5
§/2/91 1003 325 029 (25 093 240 243 557
8/2/91 10:04 373 031 027 094 23 256 §0-7
8/2/91 1&:05 144 032 027 095 23 2¢6-5 637
£/2/91 10:06 347 0:33 028 095 24 2745 670
&2/m 10:07 433 034 029 096 2:5 284 00
§/2/91 10:08 303 034 030 096 2:6 29-1 724
8/2/91 10:09 375 036 031 96 27 301 7ol
4/2/91 10:10 419 037 031 LR 28 307 754
§/2/91 10:11 341 037 032 097 28 211 796
6/3/91 15:15 033 013 0-13 0-86 06 10 145
6/3/91 1517 033 13 012 086 06 i 146
6/3/91 15:22 060 014 013 087 07 120 173
6/3/91 15:23 050 &13 0-14 088 o7 123 180
6/1/91 15:26 059 015 0-14 037 07 12:4 1%:5
6/3/91 15:27 0-57 0-1S 014 0-88 07 122 177
6/3/91 15:28 (4t 014 014 087 o7 12-0 17-4
6/3/91 15:31 0-65 014 013 27 06 117 16-4
6/3/91 15:34 0:52 014 13 087 06 11:3 15-0
6/3/91 15:37 0-36 13 012 87 06 110 142
6/3/91 13:40 0-49 013 012 0-87 05 106 132
6391 15341 0-45 012 012 0-87 05 19-4 12:4
6/3/91 15:47 035 012 011 086 0-4 99 11-2
6/3/91 15:49 049 012 011 0-86 04 96 10-2
6/3/91 15:54 031 011 o011 0-85 04 92 92
6/3/51 13:56 0-32 011 010 0-85 03 89 82
6/3/91 19.04 468 025 023 101 f £ 233 5003
6/3/31 19:05 352 0-2¢ 026 098 211 250 59-4
6/3/21 1906 438 029 026 099 21 260 60-5
6/3/01 19:07 408 029 n-23 -89 20 256 290
6,3/91 1908 333 0:30 26 IR 2 260 608
/3791 19:09 2-52 031 027 099 22 311 643
6/3/91 19:10 337 032 0:28 1-00 2:3 28-3 653
6/3/91 19:11 4-16 0:33 029 099 2-5 291 716
£/3/91 19:12 365 34 030 099 26 299 45
6{3/91 1913 2:98 0-35 035 099 27 30-6 769
23/3/91 15:44 036 0-11 010 037 03 88 T8

Bedload depth and variability

5 runoff events in 1991 for an ephemeral stream in the
Negev Dessert:

- Maximum bedload height was 0.6 m.

- Minimum bedload height was 0.1 m.

- Bedload is variable between different runoff events
and during the same runoff events.

- A spillway of 1 m would have accumulated 40% silty
and clayey materials on the surface if we take the first.
runoff event, which was the most intense (!)

- With all the other runoff events the spillway
accumulated between 60%-90% suspended load.

Bedload Depth

0,7

06 — S
05 ®

0,4

.

0,2 o ©

0,1 ¢ '\l\-

Reid, I., Laronne, J. B. (1995). Bed load sediment transport in an ephemeral stream and a comparison with seasonal and perennial

counterparts. Water Resources Research, 31(3), 773-781.



How does siltation affect SDs?

1. Low volumes of sand accumulated.

2. Low permeability and specific yield.

3. Low water yield.

4. Low water supply capacity.

5. Low cost-efficiencies (i.e. EUR/m3 water: EUR/household supplied).
6. High vulnerability to evaporation.

/. Not bridging the dry season.

De Trincheria, J., Wibbing, J., Leal Filho, W., Otterpohl, R. (2016). Practical recommendations to prevent, restoreilgatersittaiotup sand storage dams in arid and serid areas.
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Study Area
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De Trincheria, J., Leal Filho, W., Otterpohl, R. (2017). Towards achieving universal levels of optimal performanceihy siltaiiis in sand
storage dams. Manuscript under review submitted for publication.




Methodology

A 2012: 31 SDs evaluated
- On-the-ground physical survey
- Analysis sand storage capacity; Yearly water yield;
Supply capacity; Cost-Efficiency
- Randomised semi-structured interviews with direct
beneficiaries

De Trincheria, J., Nissen-Petersen, E., Leal Filho, W., Otterpohl R. (2015). Factors affecting the performance and cost-efficiency of sand storage dams in
south-eastern Kenya [conference paper]. E-proceedings of the 36th IAHR World Congress, The Hague, the Netherlands, 28 June i 3 July, 2015.

A 2015:48 SDs evaluated (1 ncl . 201206s)
- ldentification sediment texture
- Spillway damage
- Randomised semi-structured interviews with direct
beneficiaries A water supply capacity during
the dry season

De Trincheria, J., Nissen-Petersen, E. (2015). Sand Storage Dams: Performance, cost-efficiency, working principles and constraints. [conference
presentation]. International Symposium on rainwater harvesting and resilience (ISRH), Dire Dawa, Ethiopia, 8th-12th June 2015.



Study Area: Evaluations in 2012 and 2015

De Trincheria, J., Nissen-Petersen, E. (2015). Sand Storage Dams: Performance, cost-efficiency, working principles and constraints. [conference presentation]. International
Symposium on rainwater harvesting and resilience (ISRH), Dire Dawa, Ethiopia, 8th-12th June 2015.



