
M
o s t o f  th e  d a ms  lo c a te d  in  th e  Ma g h r e b  a r e a
o f  A f r ic a  a r e  lo c a te d  in  th e  A tla s  mo u n ta in s ,
a  y o u n g  mo u n ta in  r a n g e  w h ic h  c o v e r s  a  la rg e

p a r t o f  th e  r e g io n . T h is  a r e a  h a s  a n  a r id  to  s e mi-a r id
c lima te  w ith  h e a v y  r a in s , o f  s h o r t d u r a tio n . A  c o mb i-
n a tio n  o f  th e  a b o v e  fa c to r s  le a d s  to  a  h ig h  le v e l o f  e r o -
s io n .

T h e  s iltin g  th a t r e s u lts  f r o m th e  e r o s io n  d e c r e a s e s  th e
s to r a g e  c a p a c ity  o f  th e  r e s e r v o ir s  in  th e  a r e a , d e s p ite
th e  c a tc h me n t’s  d e v e lo p me n t ( r e f o r e s ta tio n , e mb a n k -
me n ts , c o n s tr u c tio n  o f  d e c a n tin g  d a ms , a n d  s o  o n ) .
T h u s , e a c h  y e a r, A lg e r ia n  r e s e r v o ir s  ty p ic a lly  lo s e  2  to
3 p e r  c e n t o f  th e ir  s to r a g e  c a p a c ity  a s  a  r e s u lt o f  s ilta -
tio n .

Possible solutions for restoring
d a m  c a p a c ity  lost to silting
T h e  fir s t s e t o f  s o lu tio n s  is  d r e d g in g . T h is  in v o lv e s
b r e a k in g  u p  s u c k in g  d r e d g e s , a s  th e  s ilt is  d is c h a rg e d
d ir e c tly  in to  th e  r iv e r, d o w n s tr e a m. D r y  d r e d g in g  is
u s u a lly  d o n e  w ith  d r a g lin e s  o r  me c h a n ic a l d ig g e r s ,
a n d  th e  s ilt is  s to r e d  in  a  f r e e , o p e n  a r e a . 

A  s e c o n d  s e t o f  s o lu tio n s  c o n s is ts  o f  r a is in g  th e  f u ll
s u p p ly  le v e l ( F S L )  o f  th e  r e s e r v o ir, e ith e r  b y  h e ig h t-
e n in g  th e  d a m its e lf , o r  b y  u s in g  g a te s . R a is in g  th e
F S L  o f  th e  r e s e r v o ir  c a n  b e  a c h ie v e d  th r o u g h  imp le -
me n ta tio n  o f  th e  n o n -me c h a n ic a l f u s e g a te  s y s te m. T h e
f u s e g a te s  a r e  in s ta lle d  s id e - b y - s id e  o n  th e  e x is tin g
s p illw a y  to  in c r e a s e  th e  F S L .

A p p lic a tion of th e fusega te sy stem
a t B eni A m ra ne d a m  
L o c a te d  5 0  k m e a s t o f  A lg ie r s , n e a r  th e  to w n  o f
T h e n ia , th e  39 . 5  m-h ig h  B e n i A mra n e  d a m p r o v id e s
d r in k in g  w a te r  f o r  th e  c a p ita l. C o mis s io n e d  in  1 9 8 8 ,
th is  g r a v ity  d a m q u ic k ly  b e g a n  to  s u ff e r  f r o m a  s ig n if -
ic a n t le v e l o f  s iltin g , w h ic h  r e d u c e d  its  s to r a g e  c a p a c -
ity  f r o m 1 1 .6 × 1 0 6 m3 to  5  × 1 0 6 m3 a t th e  b e g in n in g

o f  2 0 0 3. T h e  a v e r a g e  a n n u a l q u a n tity  o f  s ilt c a r r ie d
a lo n g  b y  th e  I s s e r  W a d i is  e s tima te d  to  b e  6.7  × 1 0 6 m3,
w h ic h  c o r r e s p o n d s  to  1 .6 p e r  c e n t o f  th e  to ta l in f lo w . 

T h e  d a m w a s  s u c c e s s f u lly  h e ig h te n e d  b y  in s ta llin g
s e v e n  s tr a ig h t- c r e s te d  f u s e g a te s  o n  th e  f r e e  s p illw a y
s ill, e a c h  me a s u r in g  3.7 5  m h ig h  b y  1 4 .6 m w id e .
Ma d e  f r o m re in f o r c e d  c o n c r e te , e a c h  f u s e g a te  w e ig h s
5 1 0  to n n e s . T h a t ty p e  o f  f u s e g a te  c a n  d is c h a rg e  a  v e r y
h ig h  h e a d  o f  w a te r  a b o v e  its  c r e s t a n d  is  s imila r  to  th e
f u s e g a te s  th a t e q u ip  th e  W a n a k b o r i d a m in  I n d ia  a n d
th e  L y e ll d a m in  A u s tr a lia .

T h e  f u s e g a te s  p r o v id e  a n  a d d itio n a l 7 .1  × 1 0 6 m3 o f
s to r a g e  c a p a c ity  w ith o u t r a is in g  th e  ma x imu m w a te r
le v e l c a lc u la te d  f o r  a  1 0  0 0 0  m3/s  f lo o d . T h e  c r e s t e le -
v a tio n  o f  th e  s p illw a y  h a s  b e e n  r a is e d  f r o m e l. 63.5  to
e l. 67 . T h e  e x tr a  s to r a g e  c a p a c ity  imp ro v e s  th e  w a te r
q u a lity  b y  e x te n d in g  th e  s e d ime n ta tio n  time .

D iffic u lt a c c e s s  to  th e  s p illw a y , a lo n g  w ith  its  h e ig h t,
ma d e  th is  p r o je c t q u ite  te c h n ic a lly  c h a lle n g in g . T h e
s te e l in le t w e lls , w h ic h  w e r e  to o  h e a v y  to  b e  in s ta lle d
d ir e c tly  o n  to p  o f  th e  c o n c r e te  s h a f ts  b y  c r a n e , h a d  to
b e  p r o d u c e d  in  s e v e r a l p a r ts  a n d  b o lte d  o n to  th e  d a m
o n  s ite .

C o n c u r r e n tly , th e  N a tio n a l D a m A g e n c y  e s ta b lis h e d
s tr ic t p r o je c t p la n n in g , s o  a s  to  b e  a b le  to  s to r e  a s
mu c h  o f  th e  s p r in g  r u n o ff  a s  p o s s ib le . T h e  a mb itio u s
s c h e d u le  w a s  f o llo w e d  f a ith f u lly , th a n k s  to  2 4
h o u r /d a y  o p e r a tio n  te a ms , a n d  th e  p r o je c t w a s  c o m-
p le te d  w ith in  1 6 w e e k s , w ith o u t a n y  c o s t o v e r r u n s .

F o r tu n a te ly , th e  ma jo r  e a r th q u a k e  o f  2 1  Ma y  2 0 0 3,
d id  n o t c la im a n y  c a s u a ltie s  a t th e  d a m s ite . T h e
H y d r o p lu s  in s ta lla tio n  h e ld  u p  s a tis fa c to r ily  u n d e r  th e
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F usega tes m itiga te silting a t
B eni A m ra ne reserv oir, A lgeria

S . C h ev a lier, Hydroplus, France

T h e effects of siltation in an A lg erian w ater supply reserv oir h av e b een m itig ated b y th e
installation of fuseg ates, to prov ide ex tra storag e capacity. T h is solution prov ed m ore econom ic

th an dredg ing  th e silt. T h e project w as com pleted on sch edule, despite ch alleng es such  as
difficult access to th e spillw ay, and th e h ig h  elev ation of th e site.

The fusegates at Beni Amrane.

The Beni Amrane
up rating p ro jec t
und er c o nstruc tio n.



earthquake loading (which produced a magnitude of
6 .1  on the R ichter s cale) and no damage was  incurred
b y  the fus egates . 

Cost-effectiveness of the
fu seg a tes
B efore awarding the contract, the N ational D am
A gency  ev aluated v arious  options , including dredging
and conv entional gates . A s  s hown in the F igure ab ov e,
it appeared that the fus egates  cons tituted the b es t eco-
nomical s olution.

In addition, fus egates  offer inherent, competitiv e
adv antages  including s elf-operation, low maintenance
and reliab ility  of operation. M oreov er, the fus egate
s olution was  attractiv e b ecaus e it has  a limited impact
on the local env ironment, and the right-of-way  z one of
the dam and its  res erv oir hav e remained intact (that

means , the M W L  was  not modified). F inally , com-
pared with a dredging operation which would hav e to
b e s pread ov er a long period of time, fus egates  are
quickly  ins talled on the s pillway .

Conclu sion
F us egate technology  pres ents  an attractiv e alternativ e
to owners  and cons ultants  who wis h to recov er the los t
s torage capacity  of their res erv oirs  quickly , and there-
fore increas e the lifes pan of their ex is ting dams . T he
s implicity  of the concept guarantees  reliab ility , and
the corres ponding inv es tment cos t is  minimal.

T he B eni A mrane dam project in A lgeria underlines
the s ucces s  of the fus egates , which hav e a wide range
of us es , in all countries  where the s ilting up of ex is t-
ing res erv oirs  is  a recurrent prob lem. O ther N orth
A frican countries  are currently  cons idering adopting
the s ame ty pe of s olution. ◊
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Comparison of the costs of dredging with the installation of
fu segates at B eni A mrane, for an eq u iv alent gain in the storage
capacity  of the reserv oir.
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