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Introduction

The Onekaka hydropower scheme was commissioned in November 2003. Its
construction and initial operation were described in “Lessons from recent small hydro
power schemes” presented at the 2005 EEA conference.

The new scheme used the original dam and the original penstock. The gross head is
just over 200 m and the generating plant consists of two 500 kW Pelton turbines that
were installed at the Tuai power station in the 1920s to provide construction power
and, later, to act as station auxiliary generators. It generates about 3.2 GWh per year.

The scheme is based on an abandoned hydropower scheme built in the 1920s to supply
the Onekaka Ironworks. The ironworks shut down just after the war and the station
was taken over by the local Electric Power Board who shut it down in the 1950s.

The scheme was developed by a partnership of four people: ourselves, Jim Baird who
has worked for years on rebuilding the scheme but died just before it was
commissioned, a civil contractor from Nelson and one other. In 2009, as a result of
difficulties that had arisen with management and communication, my wife and I and
Murray Ellis —another engineer — became the owners.

Day-to-day maintenance and callouts for faults and the like are handled by a local
resident who also worked on contract for Network Tasman for line maintenance and
faults. We are extremely fortunate to have his services and he has done an excellent
job. As he is close to retirement, we are all working hard to make sure that the number
of callouts is minimised.

Headworks

Intake

As scheme operation involves daily peaking we need to monitor lake levels and have
good communication with the power station. Communication is provided by Elpro
radios that have proved to be very reliable. The radio sends individual analogue and
digital signals backwards and forwards. With hindsight, a radio system that
incorporated a data highway such as RS 232 would have allowed much better
communication between the PLC at the intake and the PLC in the station.
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Map showing the new hydro
scheme and the original
Onekaka ironworks
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The power supply at the intake
caused us some initial problems.
We installed a 120 W solar cell to
provide the 6 W needed by the
radio and other equipment. We
provided for the installation of a
second 120 W cell if it was
needed. Unfortunately it was
installed on a mast that was then
welded in place instead of being
hinged to allow maintenance and
the addition of a second cell. When
it turned out that it would not
provide sufficient power during
the winter we had a problem on
our hands. After looking at a
number of options we installed a
small Pelton turbine driving a
permanent magnet three-phase
motor from a Fisher and Paykel
Smart Drive washing machine. At
5 m head it rotates at 200 rpm and
produces 90 W of power
continuously. Problem solved!
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Dam spilling




As with many small hydropower schemes screen cleaning has been a continuous
problem. We installed a simple rake screen cleaner at the outset and, over the years, we
have improved its operation to cope with the problems that arose. One very useful
improvement was to change the metal rake to a broom with stiff bristles.

The screen cleaner is controlled by a PLC that starts it once a day and also when water
levels are rising towards and above spillway level. Initially it was also started by a
differential pressure detector that turned out to be insufficiently sensitive. It was
replaced by a differential pressure measuring device that we had developed for a
previous scheme but, in this case, it was not successful for a variety of reasons. Finally,
and after failing with a commercial pressure switch, we made our own differential
pressure switch out of plumbing fittings, diaphragms from an Aqua Lung and a limit
switch. It is seems to be very successful. We also modified the control system so that if
the screen cleaner is started by the differential pressure switch and Unit 2 is running,
its

Home made differential pressure switch

output is backed off for a few minutes to make it easier to brush the leaves off the
screen.

With hindsight we should have made the inlet screen area larger. Although the design
conformed with normal practice — a velocity of 1 m/s through the net area of the screen
and a measured head loss of about 100 mm with a clean screen — the large quantity of
leaves that came down the early stages of flood blocked this up very rapidly.



We installed a scour valve below the intake to scour out silt and allow the pond to be
drained. Our original water right had severe restrictions on its operation and insisted
that every individual operation be witnessed and recorded because the people who
wrote it wrongly believed that when it was opened, it would scour out huge amounts of
sediment that would be environmentally damaging. They could not be persuaded that it
would simply scour out a small area immediately in front of the valve. Which, of
course, is what it did.

A few years after we commissioned the station there was a flood larger than the
spillway capacity that overtopped the whole of the dam and endangered the hut
containing equipment that monitored and controlled the screen cleaner and various
valves. We drew this to the attention of the dam safety inspectors and they strongly
recommended that the scour valve be opened automatically every time there was a
major flood. This improved dam safety and relieved us from the ridiculous requirement
of the water right that insisted that we witness the discharge every time the valve
opened.

Penstocks

The penstocks, which were second-hand from the Manapouri tailrace contract, were
joined with shoulder couplings that will take longitudinal forces and are buried for
their full length. The option of suspending them from treated wooden posts without
any expansion joints which probably would have been cheaper and better was ruled
out by the civil partner who insisted that the posts would not last — even though they
probably would have outlasted the pipe.

During construction the civil partner in the scheme was advised that anchor blocks
were needed for the penstock. Unfortunately, he had omitted to tell his adviser that the
pipes were buried and the couplings would take longitudinal stresses and therefore
anchor blocks were not needed. So we have several large and expensive anchor blocks
serving no useful purpose.

As the pipes were second-hand and unpainted, we could not afford the very large cost
of cleaning and painting them inside and out. Now, after 12 years in the ground, there
are some rust boils on the inside but no serious corrosion.

We have had one leak because ground movement damaged a coupling. We solved the
problem by cutting out a short section of pipe including the coupling and welding in a
short length of pipe.

Civil Engineering

We soon learned that the budget originally allowed for maintaining about 5 km of
roads, a ford across the stream and keeping the grounds tidy was seriously inadequate.
Until we took over insufficient money was spent on the roads and so for the first few
years under our management the expenditure was quite heavy. We often had slips after
heavy rainfall and the occasional road washout. Last year we had a very large flood
which destroyed our ford and undermined the penstock supports where they crossed
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Penstock line under construction

the river. This has now
all been repaired — at
considerable expense —
to a better standard
than before.

Powerhouse
Controls

We have experienced
intermittent problems
with the needle and jet
deflector position
transmitters that
consisted of a 10 turn

The Jim Baird powerhouse



pot driven by a rack and pinion system. Unfortunately the mechanical installation was
crude and the rack put a side load on the pinion and destroyed the potentiometer. As
we could not find reasonably priced commercial units that would interface with the
PLC we finally made up our own transmitters with an intermediate shaft on plastic
bearings carrying the pinion. The potentiometer was driven by a small coil spring
acting as a flexible coupling. We expect that this will be a complete solution to the
problem — but time will tell!

Home made linear position transmitter

During the design stage I wanted to use electro-mechanical actuators on the needle and
get deflectors but was finally persuaded to use hydraulic rams. This turned out to be a
bad decision. The electromechanical actuators would have provided simple and
reliable control of speed and closing force and would have included position
transmitters. The hydraulic pumping unit has given problems with the pump wearing
out and with the maintenance of the pressure accumulators needed to close the needles
and inlet valves in the event of a power failure. It has also been difficult to get accurate
control of the very slow closing speed of the needles to avoid the risk of rapid closing
causing water hammer and bursting the penstock.

Recently I was engaged to advise on the refurbishment of the Kourarou hydro scheme
in the Wairarapa and recommended electromechanical actuators which turned out to be
very successful.

Generating plant

The generating plant has been extremely reliable. The 400 V generators and their
original windings have only needed occasional machining of the slip rings. Inspections
of unit one that had a new and much more efficient runner installed show that the
runner is in virtually perfect condition. Unit two runner was an unused spare from the
1920s and had some minor cracking problems which we have been able to repair with,



it appears, complete success. As it is less efficient it runs only about 20% of the time so
a long life is expected.

As mentioned in the earlier paper, hindsight tells us that we would probably have been
better off with one new vertical 4 jet Pelton turbine. It would have taken up much less
space — hence a much cheaper powerhouse — been more efficient overall and we would
have eliminated the problems that we currently have resulting from the frequent
starting and stopping of unit two. Nevertheless two units for $10,000 did have
substantial cash flow advantages! But our experience certainly underlines what I have
believed for many years — having two machines does not necessarily increase
availability.

Electrical equipment

Two years ago the power meters and other equipment in the station were seriously
damaged by voltage spikes. We could not find any reason for the spikes so we installed
protective equipment on the power supplies and the communication links. But the
problem returned and, after investigating many possible causes we discovered — almost
by accident — that every now and then the air circuit breaker on unit one reacted to a
closing signal by closing its contacts normally and then allowing two of them to open
by about 1 mm thus causing the voltage spikes. The Indian manufacturers would not
respond to our requests for assistance and we did not find any way of preventing this
happening again so we decided to replace the circuit breakers with modern
maintenance free moulded case circuit breakers from a European manufacturer. They
occupy about one third of the volume of the original circuit breakers and were installed
by Murray Ellis, myself and our sons in a couple of days. A very successful team
exercise! We also installed a 400 V isolator between the power station switchboard and
the 33 kV transformer because it was difficult to isolate the station on the 33 kV side.
(Originally, transmission was at 11 kV and we could isolate by pulling the links at the
station but with 33 kV it was necessary to drive about 3 km to the nearest isolator.)

PLC

The Unitronics PLC has proved to be very good indeed and communicating with it by
cellphone has provided a very easy way of monitoring and controlling the station. We
can stop and start any machine, change its operating mode, and, when the price is high,
operate the station at full output.

We were fortunate to get the services of a top rank PLC programmer who was familiar
with hydropower and produced code that was logical and well documented. As a result
it has been easy to amend the program in light of operating experience.

An early improvement was to install terminal relays between the PLC and the outside
world to isolate the PLC outputs from spikes and the like. But it was not all plain
sailing because the terminal relays that controlled the solenoids in the hydraulic power
unit welded their contacts after a year or so even though they were well within their
rating and all the solenoids had diodes across them. I conclude that we might have
been much better off with a different manufacturer. We tried adding suppression
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Old and new circuit breakers

circuits but they did not make a significant improvement so we finally installed solid-
state relays which have been completely successful.

When the 33 kV line trips on a fault and shut down the station the control system is
designed to wait until the power returns, wait a further five minutes and then restart the
station. Unfortunately this did not work if the machines were on high output because



the overspeed is high enough to trip the high set mechanical overspeed as well as the
low set electrical overspeed. As the mechanical overspeed switches had to be hand
reset our operator needed to go to the station to reset them. We solved the problem by
making up solenoid reset units that are energised automatically by the PLC if the
overspeed was preceded by a loss of 33 kV voltage.

Environmental aspects

Since the new management took over we have had an excellent relationship with the
local environmental groups who are happy with the way we look after the station and
have facilitated public access. The only misunderstanding that has arisen is because
one of our approvals was not updated to reflect changes in our water rights.

We are very pleased to have have a resident Blue Duck on our pond.

Environmental compliance costs us about $20,000 per year. We have been monitoring
the sediment, invertebrates and fish in the stream below the power station every year
for nearly 15 years and have convincingly demonstrated that we have no noticeable
effect because floods are, by far, the dominant environmental effect. But, in spite of
that, Tasman District Council insists that we must keep on with the studies and
continue to demonstrate that we have no effect. We also have to monitor and report on
other things that, quite clearly, can have no detectable effect on the environment.

We have also arranged the outlet from the 200 m long tail race so that it stores a
considerable amount of water. As a result, when the station proposal suddenly, water
continues to flow back into the river for a period of about half an hour. This avoids the
sudden stranding of fish downstream.The Council give us no credit for this even
though it solved what they perceived to be a major problem during the original water
right hearing.



When we requested some minor changes in the compliance conditions to make it
easier for us to demonstrate compliance — and easier for them to see that we had been
complying — all sorts of objections were raised by the Council and the whole process
took several years. A large part of the problem was that the person who we were
dealing with was the one who had written the original conditions and, it seems, was
most unwilling to accept that there were better and easier ways of demonstrating
compliance than his original requirements.

Our water rights also included a requirement for a comprehensive dam safety
inspection every five years in spite of the fact that the dam was below the normal
criteria for regular inspections and, if it failed, would not have endangered anyone. The
dam had been abandoned by its owners and, until we took it over in 2001, it had been
the responsibility of the Tasman District Council for 50 years: they took no action to
ensure that it was safe.

Under the RMA, the Council has virtually unlimited power and, because we pay their
costs, they have no incentive to settle matters efficiently and expeditiously based on
achieving a reasonable balance between development and the environment.

Lessons learned
It is very important to:

« prepare a comprehensive description of the scheme and a detailed budget in the
beginning and keep them updated as design and construction progresses;

« have a project manager who is on the job regularly and communicates with the
designers when unexpected circumstances occur;

« make friends with local environmental groups early on;

« keep steady pressure on the regulatory body to ensure that they “stick to the
knitting” and respond promptly; insist on detailed accounts;

« be very conservative with the sizing and design of the intake;

« design a screen cleaner and control system control system so that it can be adapted
in the light of experience;

« make sure you have a reliable and adequate power supply at the intake;

« provide good communication between the intake and the power station;

« ensure that the penstock is designed by experienced engineers who have all the
information they need about installation conditions;

« if at all possible, have a single machine;

« employ an experienced PLC programmer who will produce code that is simple,
logical and well documented;

« examine operating problems that arise and take action to eliminate the cause:

« remember that the objective is to have fun and make money!
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