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ABSTRACT Hydropower generation is one of the key purposes that dams were built for. World-wide
the sustainability of hydropower operation is deprived and threatened by the alarming rate of
reservoir sedimentation. The situation is even worst for the cases where the sediment delta has
propagated and reached the dam site. Various sediment management practices have been employed to
cope with the problem at a huge amount of cost. This paper analyses the sedimentation problem and
the impact on hydropower generation in Roseires reservoir, in Sudan. An economical reservoir
sediment management plan such as Hydro-suction dredging technique is suggested. The deposited
sediment should be agitated before being bypassed to the downstream via a pipeline that makes use of
the natural hydraulic head of water. A detailed design procedure is outlined and guidelines for the
optimization are presented. The procedure is theoretically illustrated by applying it to remove the
annual deposited sediment ahead of Roseires Hydropower intakes in Sudan. It was concluded that
such system is cost effective when compared to costs incurred in tackling the effect of siltation in front
of hydropower intakes.

Keywords: Hydropower intakes, sediment transport in pipes, hydro-suction dredging,
optimum velocity, sediment removal, Roseires Reservoir.

measures are currently employed to mitigate the
1. INTRODUCTION problem. These measures span from sediment
World-wide reservoirs are losing their capacity ~ sluicing, flushing, and dredging and more
at various rates due to the inevitable natural recently check dams and sediment bypassing [2],
processes of sedimentation [1]. This is [3] [4]. So far dredging method is only applied
threatening the functional purposes of reservoirs ~conventionally to remove limited deposited
in many aspects. The loss in storage affects volumes at very high cost [4]. A modified
hydropower generation, irrigation, water supply, ~dredging technique, called Hydro-Suction
flood levels and control, and gradually affects the ~Dredging (HSD), has been recently proposed and
sustainability of the project as a whole. In many advocated for dealing with localized deposited
cases the deposited sediment delta fronts have sediments such as in front of intakes [5], [6], [7].
reached to the dam sites and hamper the The HSD system involves mechanical agitation
continuous production of energy from the of the deposited sediment and then transports the
hydropower generation units. Various mitigation ~sediment via a pipeline to a suitable dumping
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site. The dumping site might be on shoreline,
deep section of the main river channel or
downstream of the dam. If properly designed,
this system has the advantage of considerable
saving in cost as a result of eliminating the use of
pumps for transport, ease of maneuverability and
low maintenance cost.Siphon dredging system
implemented at Wonogiridan in Indonesia was
reported by [7]. The system was efficiently
utilized to remove sediment and transported to a
disposal unit through the sediment discharge
pipe of diameter 400 mm.

Thus the proposed management system
comprises three integrated units, the suction,
conveying and disposal. The hydro suction
dredging system for cutting the deposited
sediment from reservoir bed and deliver a
pipeline system to transport the sediment to a
suitable discharge site on the downstream. The
pipeline will rely on the natural hydraulic head
available to deliver optimally defined and known
sediment load that will be automatically fed into
by the HSD system. Fig. (1) Presents
schematically the layout of the HSD-pipeline
system. The main pipeline may include temporal
or permanent lateral pipes that are well
distributed to enable evacuation of deposited
sediment from the designated area. Hopefully, if
the size of the pipe required is small and the
length is not so long, a flexible pipe can be used
and its maneuverability may be achieved. Hence,
a complicated pipe network may be not

necessary.
m Siphon Dredge

Submerged
Dredge Pipeline

Fig. (1): Schematic layout the proposed
HSD-Pipeline system
The objective of this paper is to investigate use of
the HSD as an option for sediment removal a
head of hydropower intakes of Roseires reservoir
in Sudan instead of the costly conventional
dredging method. Also the paper aims to detail
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the calculation procedure for selecting the
suitable size of the pipe line that transport the
sediment optimally considering the case of
deposited sediment in Roseires reservoir as a
practical example.

2. MATERIAL AND METHODS

This research study has been carried out via
accomplishment of many activities that comprise
* Collection of data pertaining to Roseires
Hydropower intake;
* Literature Survey of previous methods of
estimating sediment transport in pipes;
* Development of a design guideline for
computing optimum sediment removal;
* Applying the computational procedure to the
case of Roseires Hydropower intake

A. Data pertaining to Roseires Hydropower Intakes.

Apart from the impact of sedimentation on loss of
storage, sediment, especially sand particles,
ingress into turbine units creates a lot of
problems. It causes rapid wear out of the turbine
components especially the blades, blockage of the
cooling system, and overall loss in performance
of the turbine units [8]. In addition occasional
blockage of the intakes is an inevitable as in case
of Roseires reservoir in Sudan. Usually when the
pressure drops in penstock of a turbine unit, the
unit load will decrease and the alarm system will
indicate that the intake needs cleaning. The
turbine unit has to be put off function. The
average annual stoppage time is in order of 536
hours during 27 during the period of operation
from 1980 to 2006). After dam heightening the
rate of stoppage time has increased to reach 900
hours by year 2015 [8]. This means annual loss of
around 18 GWH that costs around 2.7 million
US$.

For the Roseires reservoir by the year 2009, 95%
of the storage volume below the minimum
operation level (470 amsl) has been silted up.
Fig.(2) shows exposed parts of the sediment delta
in fronts of the hydropower intakes. Fig.(3)
describes the annual cycle of dredging and
sedimentation processes ahead of the intakes.
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Fig. (2): Observed water flow pattern ahead of
Roseires HP intakes (source: [9])
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Fig. (3): Profile of the deposited sediment ahead
of Roseires Hydropower intakes, season
1995/1996 [10]

Since 1980 to date an average of 121100 m3 of
sediment is annually dredged at an average cost
of 5.7 US$/m3 (see Table (I) and Fig. (4)). The
volume dredged has risen sharply to 240100
m3/year by year 2015 due to dam heightening on
2010 and raising the minimum operation level by
3 meters, from 467 to 470 m amsl (See Fig. 5). Saad
[8] quantified the financial annual cost due to
depreciation of turbine components, loss in
performance, blockage of the cooling system,
stoppage time energy loss and dredging. The
total annual cost was found to be in order of 4.3M
US$ of which 62% accounts for the dredging

operation alone.

Table I: Delta front levels a head of Roseires
Hydropower intakes (season 1995/1996)

Offset Accep. levelon Levelon Tevel | Sed. Area  Dep.
from  dredge 22/10/95 23109 on |thicknes (m? Vol.
dam  level  (m) ) 1/6/96 | (m) a0’
face (m) (m) 10
m)
2 475 0
7 446 0
10 446 447 447 447 0 2500 0
20 446 450 449 446 2 2500 3
30 447 451 455 447 8 2500 13
40 450 454 463 450 13 2500 27
50 453 457 467 452 14 2500 34
60 454 460 467 454 13 2500 34
70 456 462 467 455 12 2500 32
80 460 465 468 457 11 2500 29
20 463 467 469 462 7 2500 22
100 466 467 469 465 4 2500 13
200 2 25000 7
Total deposited volume to 100 m 207
Projected Volume deposited to 200 m 273
240 10.0
9.5
200 i i 9.0
=) | 3.
E 120 '. "‘V s v/ 75 @
5 ! 70 §
CRPP . (- e [0
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Fig. (4): Historical Data on Dredged sediment

volumes and the associated cost (1980-2006)
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Fig. (5): Five years average of dredged sediment
at Roseires HP intakes (1980-2015) (source:[8])
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B. Literature Review

Critical Velocity of Sediment Transport in pipes

From the economical point of view the pipeline
system has to be operated optimally. Hence the
primary goal is to transport the maximum
sediment volume with the minimum energy
(head loss) and consequently the minimum
required water volume. The sediment in pipes is
transported as homogeneous, heterogeneous,
and bed load depending on the velocity and
sediment particles. The heterogeneous type is
most common form in a non-uniform grain size
it
investigated regime. The bed load or deposit
regime is characterized by the presence of
deposits, bed load as well as suspended load.
Here, the presence of deposits greatly increases
the head loss gradient, reduces the flow area and
eventually the blockage of the pipe. This subject
is of special interest because of its practicability in
a multitude of applications, namely in slurry
transport, storm sewers, coal and ore transport,
sediment capping, dam construction and
dredging industry.

Many researchers have investigated the two
phase flow of sediment transport in pipes with
the interest of determining the non-deposited or
non-silting velocity [10], [11], [12], [13], [14], [15],
[16], [17], [18] and [19]. Various formulas were
derived for computing the critical/non settling
velocity (V¢) and the optimum concentration (Cv).
However very few of these relationships are
docile for practical design in a similar way to
clear water computation. In the following brief
description of the general features of the
formulae will be outlined.

In 1953 Durand [11] conducted very extensive

situation and hence is the most often

experiments using a wide range of pipe sizes and
sediment concentrations and gave the following
general relationship.
vafe, 1
Jm =] +k [m] CyJ
Where Jm and J are the head loss gradient for

(1)

flow with and without sediment respectively, V =
velocity of flow, Ca = particle drag coefficient, d =

pipe diameter, Cv = sediment concentration by

volume, s = sediment specific gravity (0s/0), and g

acceleration due to gravity, os = density of

sediment and o = water density. The values for
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the coefficients m and k have been given by
Durand [11] as -1.5 and 81 respectively. The clear
water head loss gradient ] is given by the
well-known Darcy-Weisbach formula (Eq. (2)).

2

I=f5— (2)

Both [17] and [20] studied Durand’s general

formula and tried to compute the limiting

velocity for optimum sediment transport by

differentiating Cv in Eq. (1) with respect to V and

equating it to zero. They both arrived to Eq. (3)
for the limiting velocity.

1

dis—1D]z 1

V,, = 3.43 [M] c? (3)
VCa

It has been argued that the above equation is

occasionally not reliable as it underestimates the

limiting velocity reported in experimental
observations [17].

Herbich [21] conducted dimensional analysis and
proposed a modified form of Darcy-Weisbach for

calculating the friction loss in pipes (Eq. (4))

v
Jm = Sm E . E (4)
Where sm = specific gravity of the slurry mixture, {
= Darcy-Weisbach friction factor (estimated from
the Moody Diagram). When the fluid is water, the
specific gravity of the slurry mixture sm, and the
slurry concentration by volume Cvwere obtained

using Eq. (5) and Eq. (6)

_ i(sm - 1)
v Sm (S - 1) (5)
_ Sm
€=~ (6)

Where s is the sediment specific gravity and Cw

is the concentration by weight (for water 1 mg/1 =
1 ppm).
Experimental data of [15], [16] and [23] were
utilized by [22] to produce a relationship (Eq. (7))
that relates the sediment concentration to the
limiting velocity Vm, Hydraulic radius R,
sediment relative density s, and sediment grain
size D.

1 Vo, 4.762 Dy 2571
“= 1276 [m] (E) (7)
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Modified Darcy-Weisbach Equation for optimum
Sediment Transport in Pipes

Siyam [24] followed similar procedure as that
carried by [17] and [20] in using Durand’s general
formula Eq. (1). However, [24] nullified the
derivative of the sediment discharge Qs, and not
the concentration Cv, with respect to the velocity
V. The given logic was that Cv is a dependent
variable on Qs and V (Cv= Qs/AV). This corrected
for the underestimation pointed out to by [17]
and [20]. Siyam [24] obtained two separate
equations, Eq. (8) and Eq. (9). They are
respectively for determining the critical velocity
Ve and the optimum sediment concentration Cve.
The full derivation can be found in [24] but brief
outline is given here as follows:

_2m=1y V72
I = (Zm n 1)f 2gd (8)
_2 ‘/CZJC—d -m
Coe = X@m+ D [gd(s - 1)] ©)

Equation (8) is a very important finding because
it relates the water sediment mixture head loss
gradient Jm to the clear head loss gradient by a
constant of proportionality which depends only
on Durand’s power m.

For this study Eq. (8) and Eq. (9) with Durand’s
parameters m = -1.5 and k = 81 were selected to be
used as they are simple to be used in conjunction
with the conventional procedure for designing
pipeline carrying clear water. The formula given
by [21] ie. Eq. (4) is of similar form but it
underestimates the friction induced by sediment
mixture. Hence, Eq. (8) and Eq. (9) may be
respectively simplified to Ecg. (10) and Eq. (11).

c

Im =213 7d (10)
1.5
1 V2./C
Coc #Ca (11)

T 81|gds— 1)

Further proof that V. and C.. given by Eq. (10)
and Eq. (11) are the required critical velocity and
the optimum sediment transport can be found in
[24] where a sediment transport index as a
measure of transport efficiency is introduced and
shown diagrammatically. The focus from here

onward will concentrate on detailing the
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procedure for performing the computation of
optimum sediment mixture in a pipe flow in
manner similar to a carrying pipe clear water.

Minor Losses

For the minor losses through the pipeline
system it will be quantified as fraction of velocity
head. Hence if the gross available water head is
given by H, then the net energy slope that is
available for transporting the sediment, through a
pipe of length L, will be according to Eq. (12)

ho= (5 -);

2g Z (12)

Where, ki is the total minor loss coefficient
through the pipeline system and equals to the
sum of individual minor loss coefficients.

Friction Equation

In addition to the equations derived earlier an
equation for evaluating the friction factor (f) is
required for closure. For this purpose, either
Colebrook-White implicit transition formula or
Barr explicit formula can be used. They are
respectively given by Eq. (13) and Eq. (14).

1 (k251

77 T%\3ma TR T (13)
1 _ (ks 51286251
77 57T T e (14)

Where ks is the pipe roughness, Re is the
Reynolds number of pipe flow (Re=Vd/v), and v
is the kinematic viscosity of the fluid.

C. Design Guideline for Pipeline Transporting
Sediment at Optimum Capacity.
The procedure will be outlined in the following
steps. A Schematic flow chart is given in Fig. (6).
(I)Reservoir characteristics: Determine the
available head (H), and the length of pipe
(L) which is equal to the distance between
the sediment intake and the discharging
point on the downstream of the dam.
(2) Select a trial pipe size (d) and determine its
effective roughness height ks
(3) Assume a pipeline velocity V, and calculate
the effective or net head loss gradient Jm,
taking the total minor head losses into
account using Eq. (12).
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(4) Evaluate flow Reynolds (Re=Vd/ v) number
and compute the friction coefficient (f)
using either Eq. (13) or Eq. (14).

(5) Use the modified Darcy-Weisbach formula
Eq. (10) to calculate the critical velocity Ve.

the calculated V. with the

assumed velocity V. If different use V. as
new V and repeat steps 3, 4, and 5 until
values of V and V. are reasonably matching.

(6) Compare

Only few trials are necessary.

(7) Compute the particle Reynolds number (Rep
= ws Dso/v) and then compute the particle
Drag coefficient Cd using Table (II). The
parameter ws is the settling velocity of the
mean particle size Dso. However, ws depend
on the range of Rep. Hence an iteration
process is necessary.

Table II: Expressions for Drag Coefficient at

of the grain size distribution and Cai, Ca2, and Can

are the drag coefficients of the particle diameters

used to represent the sediment size fraction.

(8)Calculate the optimum sediment transport
capacity (Cw) using Eq. (11) with the last value
of Vcand the computed drag coefficient Ca.

3. RESULTS OF APPLICATION TO ROSEIRES
HYDROPOWER INTAKES

From the historical experience of sediment
dredging in front of the HP intakes of Roseires
reservoir the proposed system has to dredge
annually a volume of 207x10° m? of silt within 100
m from the intakes (area of 25000 m?). An extra
volume of 66x10° m® is projected for the range
between 100 m and 200 m from the dam face (area
of 25000 m?).

Reservoir Characteristics
Available (H), Dump Site,
Maximum Pipe Length Required (L)

: v ¢!
Different Rep
Pipe Material Characteristics Deposited Sediment
- — - N Available sizes (d), roughness (k,), Characteristics
Settling Velocity Drag Coefficient Condition different lengths to cover the entire Volume (V,), Distribution, grain
(ms) =) L deposited zone (L) Size distribution (D<;)
4 v
9(ps = pu)d? 24 ( .
: o= 18y, Co = (R_e) Rl l ChonsePipe &) ) [ calculate laminar flow (w) ]
. ‘ ' n
—*{_Selecteedinpent s00e(L) [ Calculate particle (R,,) ]
Ozdug[y(ﬂx —P:.)Im T . <Ry:<1000 1<Ry<1000
i P, S Y = 1<Ry<1 by <Rep<
2| Y= —0_;5‘— Cp = 30Re™0625 1< Re <1000 ( Calculate (Re) ) Rie' S
() y ‘
L __—3 [l'md clear water friction (f) usingEq. 17 or lS] (-,,;-;’)““E,;h (;“ “::h l‘;“ r:;h\:\il;
— 0.5 R £ T ng 5
3 VO = |4 g d {&” CD 044 1000< Re < 2x |()S _3' [ Estimate total Minor losses (k) ]
3 044p, . : @] Recacuste ()
=4
Ps—p, 0.5 . ; E [fmd clear water frction (f) usingEq. 17 or lS]
4 V0:|4gd{3>:0.1;’} Cp =01 Re > 2x10° - x
% [ find cntical velocity (V) usingEq. 16 ] [ Calculate (Co)
. . T'J
Initially one should assume Re range, |2 %
2 )
calculates ws with the appropriate equation in ‘
es
Table (II), and then calculates Rep using the (o mpor ey G G ) e————— Y
Yes
calculated ws. If the Rep is in the assumed range, .
NO
the calculated ws is correct. If the Reynolds : @
Yes
number ls not In the Correct range for the ‘_F.\kuhle selected pipe performance, Time andwater Ve required to transpont \'s ]

equation used, use a different equation to
recalculate the settling velocity ws. Repeat these
steps as necessary. In case the sediment is a
mixture of different sizes, then the composite
drag coefficient Cam for the sediment material
must be used. The composite drag coefficient
may be evaluated from Eq. (15) as given by [25].

v Cd:rn = PIV Cdl + PZV Cd2 +et Pn Cdn

Where Pi, P2, and Pn are decimal size fractions

(15)
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Perform financial analysis to selectthe best
pipe diameter thatmatches the HSD

Fig. (6): Flow chart for selecting the optimal
pipe size for removal of deposited sediment.

The sediment distribution is assumed to be
deposited in accordance with the year 1996
surveyed profile and laid uniformly across all
intakes in a width range of 300 m. Fig. (7) shows
the distribution pattern of the deposited sediment
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The
pipeline length to the downstream discharging

in terms of distance from the intakes.

location is taken as 100 m from the upstream face
of the dam and passes through the dam body. It is
suggested that the pipeline could be passed
through the penstock of the service power station
which is 3 m in diameter and currently out of
service. In the forgoing computation the pipeline
be
concurrently with the HDR system. The optimum

system will assumed to be operated

required sediment concentration, that will be

determined here, is automatically fed.
The procedure
implemented the optimum
sediment transport capacity of the main pipe
taking the average grain size of sediment as
0.17 mm as measured by [8]. The gross
available head is taken as 20 m. This
corresponds to the difference in level between
455 m amsl, the discharging level on the
downstream, and the average reservoir level of
475 m. The historical recorded maximum

above calculation was

to calculate

downstream water level is level of 450 m amsl.
Table (III) gives the detailed calculation when
a pipeline with diameter d 1.0 m is
considered. The table also shoes the transport
capacity at different sediment zones and the
furthest distance within each zone.

Table III: Calculation Sequence for

Determining sediment & water volumes

and Time of removal (D = 1.0 m)

Water flow computation
(1) (2) (3) 4) (5) (6) (7
Pipe | Energy | Assumed Net Flow Friction | Critical
length | slope Velocity | Energy | Reynolds H velocity
(m) (m/m) (m/s) slope Re (m/s)
Jm Ve
(m/m)
125 | 0.160 5.73 0.0662 | 5734000 | 0.020| 5.74
150 | 0.133 5.51 0.0610 | 5514000 | 0.020| 5.51
175 | 0.114 5.31 0.0568 | 5310000 | 0.020 | 5.31
200 | 0.100 5.13 0.0530 | 5134000 | 0.020| 5.13
225 | 0.089 4.97 | 0.0497 | 4970000 | 0.020| 4.97
275 1 0.073 4.69 | 0.0442 | 4690000 | 0.020| 4.69
300 | 0.067 4.56 | 0.0419 | 4560000 | 0.020| 4.56
325 | 0.062 4.45 0.0398 | 4450000 | 0.020 | 4.45
350 | 0.057 4.34 | 0.0379 | 4340000 | 0.020| 4.34
375 ] 0.053 4.24 1 0.0362 | 4240000 | 0.020| 424
425 | 0.047 4.06 | 0.0332 | 4060000 | 0.020| 4.06
450 | 0.044 398 |0.0319| 3980000 | 0.020| 3.98
475 | 0.042 3.90 | 0.0307 | 3900000 | 0.020| 3.90
500 | 0.040 3.83 0.0295 | 3830000 | 0.020| 3.83
600 | 0.033 3.57 | 0.0257 | 3574000 | 0.020| 3.57

Table I1I: Continued.
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Pipe system Performance
Optimum sediment concentration (Cv) (Sediment &water volumes and
time Required)

(%) (9) (10} (11) (12) (13} (14) (15) (16)
Optimum | Removal Max, Average | Average | Average | Accum. | Removal | Qo
sediment Cap. distance | critical | Optimum | Removal Sed, Time af’

cone, (10" m* | inzone | Velogity | Conc.in Cap. Vol { | Required | water

(Cv) ay) {(m) in zone ('m | 10%m% (days) used

lateral Iday) (108

m')

02265 2937 | 27500 | 521 01750 | 22.69 16 0.70 0.08
0.2005 2497 | 30000 | 5.04 01573 19.59 61 g 0.35
0.1801 Zl64 | 32500 | 488 0.1428 17.16 81 4.72 0.52
01622 | 1882 | 35000 | 474 | 0.1302 | 1510 50 3.29 | 0.35
0.1474 16,57 | 37500 | 4.61 0.1195 13,43
0.1235 13.08 | 425.00 | 4.37 01019 10,80
0.1141 1178 | 450000 | 427 0.0949 @79 66 5.65 0.55
0.1055 16l | 47500 | 417 0.0884 .89
0082 9.64 S00.00 | 409 00828 8.12
0.0016 878 | 52500 | 391 00732 | o up
0.0804 7.38 57500 | 203 00402 | w100m | 207 12 1.3
00756 680 GO0.00 199 0.0378
00713 6.29 625.00 1.95 0.0357 | foml wp
0.0674 5.83% | 65000 | 1.91 0.0337 | w200m | 273 17 1.9
00548 4.42 T50.00 1.79 0.0274

The time required and water volume used by
the system to remove all the deposited sediment
in accordance to the distribution depicted in Fig.
(7) was also computed. Fig. (8) gives the
performance curves for different pipes sizes. The
time and water volume required by different
pipes is illustrated in Fig. (9).
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Fig. (7): Distribution of the deposited sediment

in front of Roseires Hydropower Intakes (1996)
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Fig. (9): General system requirements for
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4. DISCUSSION

(1) Generally, the performance curves showed
the expected characteristics of diminishing
transportation capabilities as the pipe length
increases. For example, the 1.0 m diameter
pipes, its capacity reduced from 22.7x10° m3/day
to 8.1x10° m?/day for the distance range from 25
m to 250 m from the dam face (i.e. pipe length
275 m to 500 m). The corresponding values for
the 0.5 m diameter pipe are 6x10° m3/day and
1.5x10° m®/day respectively, and for the 0.3 m
diameter pipe are 1.8x10° m®/day and 0.37x103
m?3/day respectively.

(2) When the transportation capacities of the
three pipes is weighted against the expected
volumes of the deposited sediment with the
given distribution in Fig. (7), the total time and
water volumes required for removal were
obtained. It was found that, the time required
for the 1.0 m, 0.5 m, and 0.3 m diameter pipes to
remove the deposited sediment were 12, 50 and
180 days respectively for the sediment in range
of 100 m from the dam face. The corresponding
times for removing sediment in the range up to
200 m were 17, 78 and 287 days respectively. The
volumes of water used by the three systems
were respectively found to be 1.9, 1.52 and 1.54
Million m3.

(3) In accordance to the reservoir operation
dredging is usually conducted after the end of
the flood season which takes place during June
to October i.e. there is an approximate of seven
months (210 days) to perform the dredging. In
this respect the first two pipes, with diameters
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1.0 m and 0.5 m satisfies this criterion but for the
third pipe with diameter 0.3 m requires longer
time to remove sediment in 100 m to 200 m
reach. Again a part from the cost concern, the
1.0 m pipe and due to its high performance,
require relatively a very short time (17 days) to
remove the deposited sediment. Such time
require very efficient HSD and ease of
maneuvering the system to cover the entire area
of 50 000 m? at the bottom of reservoir. System
cost and maintenance has to be considered.

(4) From the forgoing mentioned point the
parameters for optimizing the system can be
reasoned. The pipe line cost and the cost of the
corresponding HSD required has to be taken as

the

construction cost. The time required and ease of

an integrated system to constitute
maneuvering the system has to be taken to
represent the maintenance cost. The best system
can then be decided based on the least cost
approach.

(5) Considering the current annual average cost
of 0.7 M US$ for dredging only 121x10° m?® of
sediment, during 27 years of operation
(1980-2006), the feasibility of the new system can
be assessed. In fact [8] added an extra 0.2 M US$
as a direct cost of energy loss due to forced

He

computed the average annual stoppage time as

stoppage time of the turbine wunits.
536 hours during the 27 years of operation and
increased to 900 hours by year 2015.

5. CONCLUSIONS

Sedimentation is an inevitable process that
faces all dam world-wide. Sustainability of
reservoir’s function will be achieved only when
sediment releases is managed. It is important to
design suitable combination of water flow and
sediment release that can meet the demands of
reservoir functions, downstream river
morphology and ecosystem. Integrated sediment
management should consider in a sediment
routing system which covers the basin scale.
Valuable conclusions can be drawn from this
study.

(1) The study managed to draw guidelines for
selecting a pipe size for optimum sediment
transport similar fashion to the

in a
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conventional clear water flow computation.

(2) The wutilization of natural available water
head in preserving the storage or clearing the
intakes seems very attractive and it is a
sustainable resource that needs to be utilized to
prolong the life service of hydropower. Thus
the importance of managing the sediment may

the

hydropower penstocks to route the sucked

even necessitates converting one of

sediment if other options of syphoning is
limited.

(3) The current annual incurred cost of sediment
removal in Roseires reservoir is kept in

increasing order especially after dam

heightening. Adoption and implementation of a
new sustainable sediment management facility
seems to be attractive and inevitable.

(4) The proposed system needs a well-regulated
sediment feeding system (Hydro-suction) and if
combined with the recent development of
ejector pump in Japan as a sediment feeding
system may be part of the integral solution.
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