A Review of the Amanzi TOPS gate

Bryan Leyland, MSc, DistFEngNZ, FIMechE, FIEE(rtd).
Consulting Engineer

Introduction

I have been asked to review the Amanzi TOPS gate and compare it with other low head
gates that could regulate the flow passing over a long weir such as is proposed for Ngyonye
Falls.

I am a New Zealand based consulting engineer with more than 50 years experience in all
aspects of hydropower development and, in particular, mechanical and electrical equipment.

Leyland Consultants has designed, supervised and commissioned many small hydropower
schemes in New Zealand and in other countries. We have designed many spillway gates
which have proved to be very reliable.

Since retiring I have written a book on small hydropower entitled “Small Hydroelectric
Engineering Practice” It is mentioned on my website www.bryanleyland.co.nz

I am a member of Committee V of ICOLD that is producing a bulletin on hydraulic gates
that emphasises the need for higher levels of safety. I have made a number of presentations
on the need for safer spillway gates.

I am currently a member of International Panels of Experts on projects in Nigeria and
Pakistan.

Project Scope
I understand that, as currently proposed, the Ngyonye scheme has a need for about 900 m of
spillway gates about 3 m high. Several radial gates are also proposed.

There are a number of options for the low head gates:
» Conventional flap gates with hydraulic actuation at the centre of the gate or at each end
o Obermeyer flap gates controlled by air filled bags on the downstream side of a steel
plate flap
o Hydroplus fuse gates
o Rubber bags
o Alarge number of wide, low height radial gates
o The Amanzi TOPS gate

The weir is located on the Zambezi River that floods annually. Based on the Victoria Falls
hydrographs in the diagram below the Ngyonye weir must be able to pass exceptional floods
in excess of 10,000 cubic metres per second and, and in most years, floods in the range of
1000 to 7000 m3/s. This means that some or all spillway gates will need to open every year.
They will get lots of exercise and high reliability and low maintenance is a very important
requirement.



)

Flow (m?

7000

Zambezi River Daily Flow Hydrographs
VICTORIA FALLS/BIG TREE STATION
(Faint-ined Hydrographs added for Histoncal Referencing)

- Long-Tem Mean

q — 196102
196869

—— 1977778

NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

The Graph above shows the rise and fall of the Zambezi river throughout the year

As the generating plant is low head, it is particularly important at the upstream water level
be held reasonably constant regardless of the river flow.

Power and control supplies

All except the TOPS gate and the HydroPlus fuse gate need a reliable supply of electricity to
raise the gate and hold it raised. The radial gate option requires an even more reliable supply
as the gate cannot be opened in the absence of a power supply.

Providing a power supply will not be easy because the gates are spread along a long weir
and distant from the power station. Vandalism and wild animals may also be a problem for
cables and for overhead lines.

It is likely that the only satisfactory option is to have diesel generators at each spillway site.
They will need to be in a secure building and set up for automatic operation. If possible,
they should be air cooled and have hydraulic starting.

They will need to be in radio communication with the power station. It will also be
necessary to have backup controls at each weir that will independently start the diesel
generator and control the gates if the water levels are abnormal. Control battery charging
could be by solar cells or a small water turbine.

The HydroPlus fuse gates do not need any control or power supply.

The TOPS gates do not need remote control or any power supply.

If it is decided that their position should be monitored and provision made for opening them
remotely, the best option might be a vandal proof module fixed to each gate that contains a

radio with solar cells and a small battery that drives the control valve and monitors gate
angle.



Conventional flap gates

Conventional flap gates (fish belly gates) can be up to 30 m long and 7 m high. Most are
around 20 m long and 2m to 3 m high. They are bottom hinged and are usually actuated by a
single hydraulic cylinder at the centre or at one end.

An hydraulic power pack with a reliable power supply is needed to raise the gates and to
hold them in the raised position and a reliable control system is needed to manage them.
They can be lowered in the absence of an AC supply.

Using them at Ngyonye is not without its challenges. 30 or more gates need to be connected
to the hydraulic pumping unit(s) and individually controlled. This means that each gate will
need to have a position transmitter which will send the gate position to the central control
system. Keeping this working reliably could be a major challenge. There may need to be a
service tunnel or large duct incorporated in the weir to carry the cables and pipes to protect
them against baboons and other animals.

Maintaining the gates is another challenge. The easy way is to schedule all the maintenance
for the dry season and reduce the lake level by regulating the radial gates or the bulb
turbines. However this will reduce generating head by 3 m during the critical season when
flows are low. The cost in lost generation is likely to be unacceptable. The alternative is to
make one or more float-in stop logs and provide substantial piers at the end of each gate to
support the stop log.

I conclude that they will be expensive, not particularly reliable, difficult and expensive to
maintain and there is always a risk of control system failure which will stop a group of them
opening or cause them to open when they should not.

Obermeyer flap gates
These gates have some advantages over conventional flap gates.

They consist of a string of gates each supported by an air bag on the downstream side. They
need a reliable supply of compressed air to raise them and to hold them closed. They can be
lowered the absence of an AC power supply. They will need a centralised control system
and, probably, position transducers on each gate. However, it may be possible to control
them as one gate simply by varying the air pressure.

If they are installed as a string then they can only be maintained by dropping the lake. A
service tunnel may be necessary. The alternative is to limit the length to about 25 m and
provide a float in stop log. This would add considerably to the cost and complication.

The airbags, restraining straps and the air pipes could all be vulnerable to attack my baboons
or other wild creatures.

Rubber bags

Rubber bags are an alternative to flap gates. They consist of a long rubber bag fastened to
the weir and inflated with water or air. They do not seem to have any advantage over
Obermeyer gates. Some of them are unstable at partial discharge. They are probably more
vulnerable to vandalism.

HydroPlus fuse gates

These gates are fabricated as individual modules that effectively form a labyrinth weir when
lined up together. All but exceptional floods pass over the crest. During exceptional floods
the individual modules fall over and increase the flood flow without further increasing the
water level. When the flood recedes new modules must be fabricated and installed to restore



the water level. If the installation has been properly designed this will happen once every 50
years or more. Nevertheless it could take considerable time to get new elements fabricated
and installed. During this period there would be a substantial loss of generation.

For this project, there is a substantial disadvantage that with these gates the normal
operating lake level will be a metre or more below the maximum flood level and this will
reduce the generating head and power station output significantly.

Low, wide radial gates

This option would have 50 or 60 radial gates each about 15 m wide and 3 m high. These
would be expensive because the optimum dimensions of a radial gate have the gate higher
than it is wide.

It would need a number of hydraulic powerpacks and extremely reliable power supplies
because power is needed to open the gates.

As far as I can see, it would be less reliable, more complicated and more maintenance
intensive than the above gates and does not justify further consideration.

Amanzi TOPS gates

This gate was developed in South Africa about 25 years ago. It opens and closes in response
to upstream water level without any need for an external power supply or controls. This is a
huge advantage over the above options.

The TOPS gate consists of a flat gate face that it is attached to an upstream pivot and held
closed by the weight of upstream of water in a ballast tank downstream of the gate face.
When the water level increases sufficiently to overcome the rotational moment of the ballast
tank, the gate swings open and, in doing so, drains the tank allowing gate to open even
further. The operation is illustrated in the diagram below.

The pivot bearings are made from low friction material that does not require lubrication.
Unlike many other water operated gates, the bearing friction is not a major factor in gate
opening. If the friction increases, it simply increases the water level at which it commences
to open. The further the water level rises, the further the opening force increases.

Seal friction is also not a problem because it uses face seals rather than sliding seals. Seal
friction is not really a factor in its reliability because the gate moves away from the seal
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The gate can be made to open under normal water level conditions simply by fitting a drain
valve to the tank and opening it manually or by remote control.

If it was desirable to open some or all of the gates remotely each gate could be equipped
with a pilot operated discharge valve controlled by a small solenoid. Power for the solenoid
could come from a solar cell and a battery attached to one of the pivot arms on each gate.
The valve would communicate with the central control system by radio.

The major advantage of this gate over the other options is that each gate is completely
independent of the other gates and does not rely on an external power and/or control supply.
Therefore it is inconceivable that a number of gates could fail to open simultaneously and
seriously compromise the ability to pass a major flood.

Another substantial advantage compared with Obermeyer gates is that each TOPS gate can
be individually isolated for maintenance without lowering the upstream water level. Given
the large number of gates involved and the fact that, sooner or later, they will need to be
inspected and maintained, this could result in a considerable drop in generation over an
extended period.

Conclusion

Based on my 50 years experience with spillway gates of various types it is my firm
conclusion that the TOPS gate represents a major advantage in spillway gate technology and
is by far the best option for Ngyonye.

The fact that it is not possible for a single failure to disable more than one gate is a major
advantage. Another advantage is the ability to isolate a single gate for maintenance without
the need to lower the lake water level.

Of the gates discussed above the TOPS gate is the only one that, in my opinion, can promise
the reliability needed for this project. Based on the information I have available, it is also
likely to be a low cost option.

Disclaimer
I declare that I have no financial interest in Amanzi and I have not been paid for this report.



My motivation for preparing this report is to make a contribution to the safety and utility of
the Ngyonye weir.
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