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Introduction

Mt Ruapehu, a 2797 metre high volcano, is one of several volcanoes in the centre of the
North Island of New Zealand (see fig. 1). It erupted on the 23 September 1995, emitting
large quantities of ash, the first time it had been this active for 50 years. Further eruptions
followed in 1996. In the first six weeks after the onset of activity, it was estimated [1] that
7.6 million cubic metres of ash fell into the 1500 km2 water catchment area of the Rangipo
hydroelectric power station.

The Rangipo station was commissioned in 1983, and consists of two 63 MW turbines,
representing about 2% of the national generating capacity. It is the highest station in an
extensive hydroelectricity scheme involving 11 power stations owned by the Electricity
Corporation of New Zealand (ECNZ). Rangipo is fed from a small dam on the Tongariro
River, and operates under a net head of 210 m. The station, located underground, is
normally unmanned, and controlled from another station 25 km away. Ironically, the two
turbines had been refurbished only months before the eruption. During the six months
following the initial eruption, it was estimated that some 20% of the ash deposited in the
catchment area was washed into the turbine water. In the first six weeks, regular inspections
indicated only a slight increase in the normal erosive wear within the turbines. However,
major damage followed, primarily during a very wet six week period when inspections were
not possible due to the generators operating at maximum output. Erosion in some regions of
410 stainless steel components, such as wicket gates and cheek plates, had approached rates
of 3 mm per week. Both turbines were shut down on 25 April 1996 as a consequence of this.

Soon after the eruption, ash concentrations of up to 2000 ppm in river water were recorded,
depending on the rainfall [2]. The ash has a hardness ranging from the equivalent of stainless
steel through to tool steel [3]. Although the turbines have been repaired, and the station was
back in operation by the end of 1996, an on-going research programme continued. It had
been estimated that the washout of the volcanic ash from the watershed area may take more
than five years. Furthermore, a resumption in volcanic activity is possible. As part of the
research programme, Industrial Research Ltd (IRL) was contracted to investigate improved
materials and surface treatments for turbine components [4], and Geological & Nuclear
Sciences was asked to develop a monitor to warn station operators should water entering the
turbines become excessivly erosive. In fact, GNS became involved in both projects through
the use of TLA.

Thin Layer Activation Technique

TLA is a technique which has been available for over 20 years [5]. We have used it to
monitor rates of corrosion in pressure vessels of the pulp and paper industry, and pipelines
associated with petrochemical industries [6-9]. TLA is based on directing a beam of energetic
nuclear particles onto a surface, usually metal, from an accelerator. As the particles penetrate
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the surface, energy is lost by collisions, primarily with the electrons of substrate atoms.
While the energy of the incident particles remains above a threshold, some of them will
undergo nuclear reactions with the substrate nuclei. If the product nuclei of these reactions
are radioactive, then the target surface will be labelled with a depth profile of radioactivity.
Only about 1 in 1010 of the target nuclei will be changed, so the metallurgical properties of
the surface are therefore unaltered.

If the labelled surface is subsequently exposed to some process which attacks and removes
it, the ensuing surface metal loss can be monitored simply by measuring the proportion of
radioactivity left. Unlike other techniques, the advantage of TLA is that it has a direct
correspondence with surface loss, be it wear (tribology), erosion or corrosion. It is, however,
imperative that the removed surface is transported away from the activated site. For example,
TLA will not work where a corrosion product continues to adhere to the corroded surface.

There is frequently a choice of activating nuclear reaction. It is usual to pick a beam and
reaction that produces a radioactive product which decays with a suitable long half-life, and
emits penetrating gamma rays. The gamma radiation allows the activated surface to be
monitored through several centimetres of steel. In general, TLA has a sensitivity of about
1 % of the maximum implant depth. Therefore, if high depth resolution is required, it is
necessary to reduce the implant depth, either by lowering the incident particle energy, or by
tilting the surface to the beam. In our applications, we use a 6 MV Van de Graaff accelerator
which delivers an external beam of about 1 pA of 12 MeV protons. A typical depth profile,
showing % activity remaining against depth of surface removed, is given in fig. 2. The
reaction used is 56Fe(p,n)56Co. The radioisotope 56Co decays with a half-life of 78.8 days and
principal gamma ray emission of 846 keV. The activated area is about 9 mm in diameter,
and is almost uniform in depth.

Laboratory Materials Evaluation

The repair of the turbines by ECNZ used replacement components which were either plasma
nitrided or plasma coated [1]. After 8 months of use, inspection revealed that some sections
of nitrided surfaces had begun to spall. Similarly, the tungsten-cobalt layer which was plasma
coated on other components had failed at one site. It is too soon to comment on the
performance on the underlying Bisalloy which was used to replace the stainless steel of the
original components.

In order to compare new materials and coatings for long-term replacement, IRL devised a
jet erosion test rig to simulate conditions within the Rangipo turbines [10]. The rig consists
of a stirred 2000 litre tank, filled with 900 litres of water to which volcanic ash is added.
The water/ash slurry is pumped from the base of the tank to a 6.35 mm ceramic nozzle
contained within a 0.3 m diameter test vessel. The jet from the nozzle, usually at a velocity
of 30 m/s, is directed onto the test disc at a distance of 60 mm and an impact angle of 45°.
The disc is attached to the underside of the horizontal top flange of the test vessel, and slurry
completely fills the test vessel. Excess slurry drains from the bottom of the vessel back into
the main tank. An oversized variable speed pump ensures that the flow rates are accurately
set, and a heat exchanger in the main tank provides constant temperature.

External monitoring was required of the surface loss suffered by the test disc due to erosion
by the jet impact, and the TLA technique was chosen to supply this. The discs were activated
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by the 56Fe(p,n)56Co reaction to 230 /urn depth and 0.7 MBq radioactivity. The gamma ray
emission was measured with a Csl/photodiode detector assembly mounted on the top flange,
50 mm above the disc. A calibration source was prepared at the same time, and this could
be exposed to the detector without shifting the assembly. Such comparison of activities
eliminates natural decay as a variable. Typically, TLA measurements were taken over 15
minute counting periods, and tests usually ran over 48 hours. Differences in erosion rates
could be determined within 4 hours. This enabled tests in which the levels of volcanic ash
were increased from 0 to 500 ppm, and in which the jet velocity was varied without stopping
the test or removing the test sample. A typical result [10] is shown in fig. 3. Repeatability
suggested a measurement accuracy of ±3 fim.

Automatic Monitoring System

The second project was to devise an automated system which would alert Rangipo station
operators to the presence of erosive ash in the feed water. An attempt had been made to
achieve this using the turbidity of the water; it failed [2]. IRL scientists thought that only a
direct measurement would be acceptable. Their estimates suggested that erosion on the cheek
plates at the Rangipo power station was about 3 fim/day prior to the Ruapehu eruption, and
up to 60 /^m/day after. An accuracy of about 1 ^m was wanted in a direct measurement,
beyond the levels attainable by conventional non-destructive test methods. TLA was again
requested. It was decided to replicate the laboratory test rig, with appropriate adaptations,
for installation at the power station. The 210 m head of water eliminated the need for a
pump, and the rig was placed between the two penstocks so that either could be sampled.

The major development was to automate the TLA measurement system. It was required to
operate for months unattended, but had to have sufficient sensitivity to detect erosive
conditions before significant damge was done, and be able to respond to interrogation from
remote operators. Hourly updates were deemed sufficient. A step-motor driven wheel was
added to the detector assembly to provide a sequence of three measurement positions within
that period. The first is a 35 minutes spell measuring the activated test rig disc. The next
position rotates a weak calibration 56Co source, prepared at the same time as test disc, for
a 5 minute exposure to the detector. The detector is normally shielded by 100 mm of lead
from the calibration source. Although the calibration source is enclosed in a lead housing to
block the detector from gamma rays of the test disc, some get through. Therefore, there is
an identical housing on another part of the wheel at which the calibration source was
completely shielded from the detector. The counting period at this third position is 25
minutes, allowing calculation of the net calibration count. An opto pair straddling a slot in
the wheel supplies a fixed reference point. Tests showed that the standard deviation in
surface loss measurements over a weekend was 0.2

The monitoring system is controlled by a Philips 80C552 microcontroller with sufficient
memory added to record the last 56 days of hourly data. This can be recovered by connecting
a laptop computer through a RS232C serial port. The software written for the laptop writes
the data to a file, and allows the operator to clear the microcontroller memory log. In
addition to this data recovery, the software has various maintenance procedures. These
include rotation of the wheel by a given number of motor steps, and counting to selected
precision. The latter is used to determine a background count rate. The automatic
measurement sequence can be altered. Date and time can be set, and the parameters
appropriate for the TLA depth profile can be altered. A procedure has to be followed
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whenever the disc or calibration source is replaced so that the initial ratio of counting rates
is determined. Variations from this are attributed to metal losses from the disc due to
exposure to the water jet.

ECNZ runs a SCADA system for digital data acquistion and machine control, linking power
stations with control centres. An interface for this was added to the TLA erosion monitor to
enable ECNZ computers to interrogate the microcontroller for the latest hourly data. This
is presented as a 32-bit word, one bit of which is a toggle which changes state to indicate if
the data has been upgraded since it was last read. The calculation and logging of loss rates
from the supplied surface loss data is a function of the ECNZ computing system attached to
the SCADA system.

Summary

The work presented here presents an unusual combination of natural catastrophe, heavy
engineering and nuclear science. The TLA erosion monitor has only recently been installed
to safeguard the Rangipo system and it is too early to report on its performance. Had it been
in place at the time of the volcanic eruptions in 1995, it would have avoided the need for
repairs which cost several millions of dollars. With further washout of ash expected, and the
possibility of a resumption in volcanic activity, the financial investment in the system can be
viewed as a wise precaution towards safeguarding capital plant.
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Figure 1. The Volcanic Plateau in the centre of the North Island, New Zealand
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Figure 3. Test rig results showing TLA measured erosion increasing with ash loading in water.



The Volcanic Plateau in the centre of the North Island
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