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1. Decrease turbine wear - Decrease repair costs

Water intake for high-pressure hydro power plants requires effective desanding. Without a
reliable desanding system wear on turbines, nozzle valves, control devices and pressure pipes
incurs very high repairs.

Changing environment such as the warming of the permafrost layer shows an increased share
of sand and gravel at the intake of hydro power plants implying an even greater need for and
use of effective desanding units .

The wear on the turbine is mainly influenced by the size of particles remaining in the water,
the particle distribution, shape and hardness of the suspended solids and the net fall heights.

The efficiency of desanding systems has, thus, a direct impact on the costs of electricity

production.

2. Desanding units

Different flushing systems are used to eliminate sediments. The most reliable for water intake

are the vertical and horizontal flushing systems.

The following compares the horizontal flushing system (Buchi system) with the Bieri vertical
system.

2.1. Traditional desander with horizontal flushing

Length section FlaNig cunet - Cross section

|'|
.

2,5%3,0%

Flushing gate

This system, known as “Blchi system” is mainly used for water intake in small hydro power
plants.

It is suitable for water flows of 0.5 - 3.0 m3/s and is generally used with one basin only.
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The V-shaped desanding basins can be installed in caverns, be protected from falling rocks or
totally open. The inlet part to bed has a decline of 20 % and the decline to the overfall is
usually about 6.5%.

The flushing channel has a decline of min. 2. 5% (bigger decline is possible).

Inlet gates at the entrance of the basin as well as a flushing gate at the end of the flushing
channel are required .The flushing gate permits the emptying of the basin

2.2. Description of the system

Calming racks at the entrance of the basin reduce turbulence and the water flows through in
the longitudinal direction. The overfall at the end of the basin maintains a sufficient water
level and a regular flow through the basin. The flushing channel collects the sand which is
eliminated by flushing water back to the river.

The flushing gate is opened depending on the level of sediment. The flushing time (opening of
the flushing gate) must be sufficient to eliminate the entire sediment accumulated. The
flushing gate must be closed after each flushing to fill the basin up to the overfall. The turbine
can only work again when this process is completed.

2.3. Advantages

e Economically interesting as hydro-mechanical flushing unit not required,
e Flushing gate present at the end of the sedimentation basin,

e Inlet gate allows total closing of the basin for maintenance.

2.4. Disadvantages
e This system needs a big decline (5-10%) between water intake and return of
sand to the river,
e The turbine function is interrupted during the flushing process,
e The flushing flow is significant only in the proximity of the flushing gate,
e The entrance of the basin is only partially flushed,

e \Very large quantities of flushing water needed , which cannot be used for
turbine production,

e A continuous turbine operation only possible by using several basins.
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3. Bieri vertical flushing system
How the BIERI Desander works
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The water flows through in the longitudinal direction. The overfall (7) at the end of the basin
maintains a sufficient water level and a regular flow through the basin. A calming rack (4) at

the entrance of the basin calms turbulence. When sufficient sand has collected inside the

flushing unit (5), the flushing unit at the base opens hydraulically in accordance with preset
opening dimensions and flushing times. The sand is vertically flushed through the openings
into the flushing channel (10) from where it is flushed back into the river.

A sand flushing unit (5) consists of 2 aperture plates, one over the other, horizontally arranged
against each other on the bottom of the basin. The lower plate is rigidly fixed to the concrete
structure and the upper plate is moved by 2 hydraulically operated servomotors (6) in the
direction of the desander axis. By opening the flushing unit (upper plate), the flushing
operation takes place through pre selected openings of max. 180 - 190 mm (two openings per
1 m length). The flushing is initiated at predetermined intervals or by the level of the
accumulated sand. This means a minimum of flushing water is used and there is almost no
interference in the production capacity of the turbines. The system can also be manually
activated in emergency cases or for special purposes.
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Outlet flushing gates for each basin (13, if installed) are fully opened during the flushing
operation and serve as the closing unit for the flushing channel (10).

The BIERI desander with its optimised control system requires a minimum of flushing water.
Flushing is only activated if the deposit of sand in the basin has reached a pre-determined
volume. This is usually about every 2 to 24 hours, but can sometimes be at even longer
intervals, weeks or months. The duration of the flushing time may be only 2 to 3 minutes,
including the opening and closing of the flushing units but depends on the total length of the
flushing channel. The quantity of deposited sand is measured in each basin individually.
Flushing is only performed, therefore, for those units having acquired the predetermined sand
deposit level. The flushing is executed in stages (only one unit open at a time), so that the
water quantity for the turbines is only marginally influenced.

The control system of the BIERI desander is easily adjusted to the individual working
conditions of each desander plant. The optimal setting of the desander makes this type of
installation particularly economical, especially during seasons when little water is available.
The following values can be regulated:

e Sand deposit height

e Flushing intervals

e Opening dimension of slide 0-190 mm

e Flushing time duration 10 sec. - 30 min.

e Intervals to the next flushing unit 1 min. - 100 hours
The control system will indicate failures on the control panel. The signal can be transmitted to

the power station's control room. The desander control system is fully automatic, but may be
manually controlled by pressing the respective buttons on the control panel.

The water is ducted through one or more longitudinal basins. The size of the basins depends
on the volume of water and the type of sediment present.

The sluice is opened and closed by one-way or differential cylinders. The maximum activation
strength required to open or close the sluice is from 400kN to 650kN. The units are built in
standard lengths. The steel construction of the desander units has sluice gates every 0.5 m.
In normal conditions, the sluice gates are only partially opened. Due to the sand level
measuring sensors in each unit, only those desander units in which sufficient sand is
deposited are opened.

For decades, BIERI Desander has been working reliably all around the world.
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Advantages of the Bieri system

amortisation of the installation in a short period of time due to minimal
production stops,

Approx. 50 % less flushing water required compared to a horizontal flushing
desander,

Continuous use of flushing water not required,
higher economical efficiency of the turbine system,

selective flushing only if the sand height of each separate desanding section
in the basin has reached the predetermined level,

Strong local flushing flow due to the construction of the sluices (opening every
0,5m),

Vertical flushing assures a strong flow of water over the numerous sluice
openings providing a highly effective flushing of even tough sediment,

possibility to adapt the system to the local constrains,
no obstruction of the sliding mechanism,
Self-cleaning desanding,

Reduction of the repair-cycles of the turbines.

Turbine repair cycles shortened

Repair cycles of the impellers on Francis turbines (X5 Cr/Ni 13/4)
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Repair cycles of the cups on Pelton turbines (13 Cr 4 Ni)
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Source: Study T. Nozaki, published 1990

Wear on turbines is not only the result of the size of the particles remaining in the water, but
also other factors such as grading, shape and hardness.

The above diagram indicates that repair cycles are influenced by the net fall height.
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3.3. How the Bieri system economises flushing water

The sediments accumulated in the basins are directed vertically back to the river when the
sluices are opened.

The individual opening of the flushing units and programming of flushing time and intervals
can be adapted to local conditions. The quantity of flushing water can thus, be reduced to a
minimum.

The low consumption of flushing water and the uninterrupted power production during
flushing increase production efficiency.

3.4. Where the Bieri system can be installed

The BIERI desanding system can be adapted to all sizes of basins with inflow volumes
between 1 m3/sec to 150 m3/sec. spread over several basins

In mountain areas, desander basins are often constructed in caves or below a concrete
shelter to avoid damage from falling rocks. In less exposed areas, they are erected as open
constructions.

The size of a desanding system depends on the volume of water at the inlet, the
characteristics of the sand particles and the degree of elimination (dependent upon the max.
particle sizes) required.

The flushing units with hydraulic control are available in lengths of 15, 20, 25 or 30 m.

Each desander basin or chamber can include several units arranged in a row. In larger
systems, several basins or chambers can be placed side by side.

Experience has shown that two units of 15 m require less flushing water than a unit of 30 m.
Opening of the flushing unit only occurs on the unit that has reached the pre-selected value of
sediment level.

Several flushing units can be installed the length of the basins and several basins can be
installed in parallel for larger water intakes. Modularity of the system permits all these
combinations.

Each flushing unit has its own sand level measuring device.
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3.5. Construction values for Bieri desanding system
Average flow rate in the basin 0,2-0,3 m/sec.
Water level above the desander unit 2,5-16,0m
Slope of the basin (cross section vertical: horizontal) 4.5
Min. height of flushing channel 1,0m
Min. width of flushing channel 0,8m
Base slope of flushing channel 2,5-3%
Length of the basin 20-100m
3.6. Why the Bieri system is so efficient

The flushing units are installed at the bottom of the V-shaped basins,

Water flows the length of the basin. The overfall at the end of the basin secures
sufficient water level and a continuous flow,

A calming rack at the entrance of the basin reduces turbulence. The sand is
vertically flushed through the openings into the flushing channel. From there it is
flushed back into the river.

The flushing sequences are programmed,

The flushing sequences can be adjusted from %2 hour to 100 hours according to the
local sedimentation conditions,

Measurement of the sediment height permits automatic flushing,

The opening of the sluices can always be adjusted (25mm-190mm), reducing the
consumption of flushing water and the variations of power production,

Manual control is possible at all times.

4. Description

4.1.

Flushing unit

The BIERI system only requires a single recess covering the entire length of the basin. The
protection box at the end of each desander unit for the hydraulic cylinders does not require
any special recesses. The steel rods in the first layer of concrete are used to support the steel
construction. The oil pipes for the hydraulic cylinders can be integrated into the first concrete
layer or directly placed on the finished concrete when a steel covering to protect them would
be necessary.
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The power to activate the plates reaches 400 KN for single acting cylinders and 650 KN for
double acting.

Single units are available in lengths of 15 m, 20 m, 25 m and 30 m.

The steel construction has openings every 0.5 m with a dimension of each 190 x 200 mm
(380 cm?2). In normal conditions, opening of 50-70 mm is enough for the flushing process.

The flushing water consumption depends on the total basin volume and the inlet flow. If
correctly calculated, the water level in the basin drops approx. 10 - 12 c¢cm during the flushing
process. The entire flushing water consumption should not exceed 6% of the total water
volume of the basin.

The overflow level on the end of the basin must be calculated, so that the outflow is not
interrupted during the flushing sequence. The outflow is thus reduced.

4.2, Control room installation

Where possible, the control room should be located in the middle of the desander basins in
order to use the shortest hydraulic hoses connected to the hydraulic devices.

The hydraulic device is equipped with state of the art Bieri components to ensure trouble free
performance of the desander system. A hand pump also ensures correct running in the event
of an emergency/power cut.

4.3. Control and operation

A PLC control system is at the heart of every desander. It permits the adjustment of the
flushing management program to the prevailing conditions.

Due to this concept of control the BIERI desander requires exceptionally low volumes of
flushing water.

Flushing is only triggered when sufficient sand has gathered in a desander unit (0.8-1.0 m).
The sand level measurement sensor monitors the height of the sand (normally 0.8 m) in each
desander unit. As each water intake has its own prevailing conditions, the sand level
measurement sensor is set accordingly during the start up phase.

Desander systems equipped with several units arranged in sequence, are flushed individually
when the sand level reaches the settled value.

The flushing of the units is staggered to avoid reducing the flow of water to the turbines.

A limit switch controls the closure of the flushing units.
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The following parameters can be set or changed by the operating personnel at any time:

e Height of sand sediment: The normal adjustment level of
the sand-detectors is aprox. 0.8m

e Automatic flushing intervals. 1-100 hours

e Flushing opening: (stroke of sluice) 25 - 190mm

e Flushing period 10 sec. - 30 min.

Each basin can be separately adjusted.

The self monitoring system records errors which are either displayed individually on the local
control panel or reported to the remote central control station as collective alarm messages.
The system can also be controlled manually from the control panel.

4.4, Optimization of the system
The following additional equipment will further improve the performance of the desander:

e Preliminary cleaning of the inflowing water with inlet rack ( teeth space

25-40mm )
e Rack cleaning machine
o Inlet gate

e Calming rake
o Qutlet gate

The inlet rack roughly cleans the water and filters the suspended solids.

During operations the inlet gate is open and is only closed to allow the desander to dry for
revision and maintenance works. The calming rack reduces turbulence which would occur in
the inlet channel.

The outlet gate is normally closed and prevents possible leakage through the sand flushing
device
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5. Definition of the basins
" The basins are V shaped. The ratios length-height and the water level on the
7 top of the system influence efficiency.

The Bieri system was developed in 1955 by Bieri Hydraulics Ltd. More than
100 installations in use worldwide reduce turbine wear.

5.1. Construction parameters for Bieri desanders

The BIERI system (ref. drawing 49677, Par. 9) only requires a single recess covering the entire
length of the basin. The protection box at the end of each desander unit for the hydraulic
cylinders does not require special recesses. The steel rods in the first layer of concrete are
used to support the steel construction. The oil pipes for the hydraulic cylinders can be laid into
the first concrete layer or directly on the finished concrete when a steel covering to protect the
oil pipes would be necessary

5.2. Calculating the size of basins

length section

Sandkonz. Einlauf d < dgjt =0.3 mm
Co

@ |aminar flow condition
M [ e ideal mean flow velocity

— i Vm £ 0.3 m/s

effective H @ ideal sedimentation process in calm water w,

e i @ correction w=wg — 0L+ Vm

\ deposit area
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During the hydraulic design of the basins, it is important that the current is smooth and
regulated at the inlet. Asymmetric flow/flux and turbulence can impede smooth functioning

The principal dimensions of the basins are reached using the following references:

Q = Total rate of flow in m3/sec.

n = Number of Desander basins

dg = smallest diameter of the particle to be eliminated
L = desired length of the Desander basin in m

Vee = Speed limit of the water in the basin

This results in:

B = effective basin width in m

H = Water height above the Desander flushing device in m

A = Cross section of the Desander basin in m2

v = Rate of flow in m/sec.1

Lit = effective length of the basin in m

wf =  Settling speed of sand in flowing water in m/sec at 10°C
5.3. General points

The sizing and type of desander basin should be determined by expert constructors of hydro-
power plants.

In designing the basins, special attention should be paid to the cross section of the basin.

To avoid eddies on the edges and too much flow in the middle, the width B of a single basin
should not exceed approx. 1/8t of the length of the basin.

With large volumes of water, constructing several small parallel basins (twin basins) is
preferable to a single large basin.
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RECOMMENDATION

6. Comparison of both flushing systems

6.1. Horizontal flushing system

Results of a study show that accumulated sediments have been totally eliminated by
completely emptying the basin. Length and width of the basin have been correctly
dimensioned to eliminate particles of 0,2 mm with a quantity of 4g/l and a flow of 4 m 3/sec
in each basin.

During approximately 4 months of heavy rain, 120 flushing operations were required per
month in addition to 40 per month during periods of light rainfall.

Turbine production was at a standstill for more than an hour during each of the 800 flushings

Production was interrupted for 1040 hours annually to permit sediment elimination.

6.2. Bieri vertical flushing system

Mean annual production immobility is practically reduced to zero.

Increased energy production by as much as 2% can be achieved using the Bieri system
because the installation is in continuous use and the flushing time is reduced. Particle
elimination is obtained by employing optimal basin dimensions.
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6.3. Reduction of maintenance costs with the Bieri system

Investment and maintenance costs

for a period of 10 years
,-/J —  Small flushing

e system
— Horizontal
A flushing

‘/‘-—-ﬁ——-‘———‘——"’ system

o
A
— BIERI vertical
flushing
S~ system
~o—14
Example of a water intake
Water flow Q 4ms3/sec
Lenght of basin L 40m
Quantity of units n 2 x20m
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7. Revision, reconstruction and modernization of existing desander

SST revisions and modernizations not only restore systems to
their original status, but also increase their efficiency.

The recently developed plastic coated MOTEC-plates in the new
sluice construction reduce water leakage in the system by
another 90 %.

In case of abrasion damage, (inevitable with the passage of
time) it is no longer necessary to replace the entire plate
. system. Each watertight plate inserted can be replaced
individually at any time.

7.1. Transforming existing horizontal desander systems

Existing horizontal flushing systems can be converted to the Bieri vertical flushing system at
any time and the flushing consumption significantly reduced.

Swiss Sedimentation Technologies (www.swisssdtech.com) has world-wide expertise in the
construction of new desander systems, overhauling of existing installations as well as
implementing systems for hydraulic power station plants.

SST experts will give competent advice and implement the most profitable solutions for their
clients.
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8. Some plants in operation

Electro Peru:intake
Carhuaquero, In operation
since 1981, 10 elements
each 30m

I.N.DE. Guatemala: Intake
Aguas Caliente, In operation
since 1977,6 element
each25m
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Engadiner Kraftwerke AG
Water intake Varusch Installation of
new elements with MOTEC Plates

Deposited sand (for show purposes)
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Desander of
Machu Picchu,
Peru

i — Deposited mud:
~~# BIERI flushing unit
50% open (for show
~ purposes)
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Complete desanding units of 25m with
integrated cylinders in the mounting
facility

End part of the units with double acting cylinders
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9. Cross section of the Bieri desander basin
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Dimensions and shape of the basin base must be pre-determined in order to insert the
metal parts.

The surface covering of the flushing channel must allow for abrasion caused during the
flushing cycle.
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