42nd WEDC International Conference 13 — 15 September 2021

Hydrological and hydraulic modelling of
concrete fuse plug operation for small dams

Presented by Maxim Fortin, P. Eng., M.Sc.

WEDC :u +‘=, Loughborough

1971-2021 ¥ University




42nd WEDC International Conference 13 — 15 September 2021

Presenter

« Maxim Fortin, Water Resources Engineer & Project
Manager based in Canada specialized in WASH for
development, flood management and modelling

» Research project completed as part of WEDC M.Sc. in
Water and Waste Engineering Program (2016) and in
collaboration with Cowater International-implemented
ECED-Sahel Project (funded in Burkina Faso by Global
Affairs Canada, IAMGOLD and One Drop Foundation)
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Research Project Aim and Objectives

Assess the use of concrete
fuse plugs to increase storage
capacity and spillway
discharge for Yacouta Dam
(Burkina Faso)

Identify a low-cost
hydrological and hydraulic
modeling methodology for

flood mapping
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Develop methodology to
model river floods caused by
the operation of concrete
fuse plugs on small dams
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Project Aim and Objectives

» What are concrete fuse plugs?

o Concept first introduced in 2010 by the Committee on Costs Savings in Dam
Construction of the International Commission on Large Dams (ICOLD, 2010)

o Simple, massive concrete blocks placed side-by-side on a spillway crest of sill

o Blocks are sized to be free standing until water in the reservoir reaches a certain level,
where they start tilting and are pushed out of the spillway

o Can be designed to increase dam safety OR increase available storage
o Three installations documented in Vietnam and Burkina Faso (Nombré, 2016)
o More advanced versions also developed (i.e. Hydroplus Fuse Gate)
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Research Plan

Literature Review : .

Data Analysis

o Spillway - . Preliminary design ¢ Prepare data ¢ Run model
enhancement inputs (geospatial according to
options and hydrology) different scenarios

¢ Hydraulic ¢ Develop hydraulic ¢ Evaluate flooding
modeling for dam model extent
and flooding ¢ Validate model ¢ Analyse results
analysis e Document the and prepare

® Yacouta Dam approach recommendations
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Case Study: Yacouta Dam, Burkina Faso

« Key component of ECED-Sahel: a large-scale regional drinking water supply
project in the Sahel region of Burkina Faso:
o Phase 1: supply drinking water to city of Dori and 20 neighboring villages (40,000 people)
o Phase 2: expand water supply production to towns of Gorom-Gorom and Falagountou and
neighboring villages (100,000+ people)
« Dam completed in 2005, earth embankment, 765 m long and 9.5 m high with an
estimated storage capacity of 26 M m3 on the Goudebo River (ONBAH, 1999)

» Hydrological study shows that there is a risk of water deficit every 8 years, below
the set of criteria of 10 years, if phase 2 is implemented (IFEC, 2016)

« Recommendation to increase available storage by either decreasing elevation of
water intake or increasing invert elevation of spillway (+50 cm = + 8.56 M m?3)

WEDC :u %‘% Loughborough

1971-2021 ¥ University




13 — 15 September 2021

42nd WEDC International Conference

1
X ocalisation de lazoned'etude /W\_g—P‘
.

s 1arigion ou shel
ML “~ NIGER

/._-._h-'f_“"*-n_“l‘--_-—-«.,n-—-

r

Gomom: Gorem t\
¥

AN

P mre e
L & Dor

BURKINA FASO Project Area
©  Matonal Capital M ."\ |. [ %

& Pisincsl Capial
e Inlgrnationel Boundasy

e PO BOUNGRTY | A i
] -, 35
g e
u -
M Ty ™~
4 3 [ s ~
b ¢ “\ Sebba |
h, 2% 3 =

[ =

\ g Bogandd e vu&ue\aueue du uarazenevalwutaa

! 1 \
i Boutsa J g 16
" ® i - ow Gay@n -r \
5 St 3 LN , {
S . o [ wt 1
it 1
3omnzoe L 33 S Koudougoy # 2009 Frupes b Fagabioouma =
" , T ? i ) >
) o i ) B4 b A —,Y K"\m".‘l‘\”l {‘( o i
« (] & A S W
1 L = SR owa { e ol J
% { ' Tlnlmdr,h’ o ;
A b A ® L Sa:om ¢ I'.él\" ' v "(Juﬁcj'zw 4 .
| SR R ; ki PP o N i A, S 17 I
j & Hogdo -, < L g B
! : i 1&\ Vs \‘ 25 "‘I\ e 2 : ;I}arrm I

Po® J"H;P"‘*:ip-r I

|
< Orodar 2 Boto- r) oL Ia%;\\ el ¢
e jou v 93 A .o A s
i YO A \snmum [ i
(2l | g i { (
(8= atuons [ 6 / BENIN
k- ;l i ca C.:}:(-ua 'E N l
= s 3
F 72 P GHANA ( \‘\.\
< ( E;'na i ™ £
3 e e el i e {T0GO | ] 8 Sh &
oy 28 § e — _'.‘!.‘, é - ®  ECHELLE
gy 3 T T T T T T T T 1 Km
Ty i \ £ 7’ 0 25 50 100
2 000"

COTE D'IVOIRE N

Source: Nations Online, 2016 (left) and Cowater, 2016 (right)

Loughborough
¥ University

1971 -2021




42nd WEDC International Conference 13 — 15 September 2021

Source: Cowater, 2016
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Case Study: Yacouta Dam, Burkina Faso

» Research considerations in the context of the ECED-Sahel project:

o Could concrete fuse plugs be used to increase available storage for the Yacouta Dam
and increase water security for an eventual phase 2 of the project?

o Would the operation of the concrete fuse plugs during a flood event create a flood
wave that would significantly increase flood risks for the main town of Falagountou
(10,000 people), located about 50 km downstream of the dam?

o Can free software tools and datasets be used to assess this flood risk (order-of-
magnitude) and could the methodology replicated in a developing country context?
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