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ABSTRACT

By the end of 1987 worldwide there were 326 research reactors in
operation, 276 of them operating more than 10 years, and 195 of them
operating more than 20 years. The majority of these reactors are
swimming-pool type or tank type reactors using aluminium as structural
material. Although aluminium has prooven its excellent properties for
reactor application in primary system, it is however subjected to various
types of corrosion if it gets into contact with other materials such as
mild steel in the presence of destilled water. This paper describes
various methods of research reactor tank inspections, maintenance and
repair possibilities.

1. INTRODUCTION

Many of the low-power research reactors (power < 1 MW) were constructed
between 1960 to 1970 and have accumulated more than 15 years of operating.
Typically these are multipurpose research reactors attached to an
university for students education and training or for medical isotope
production. Even with careful maintenance deposits on the reactor tank
bottom or on the core structure cannot be avoided (i.e. small metal
debris, plastic parts from irradiation capsule, foils for flux
measurements etc). The pieces found in reactor tanks are beyond
imagination (metal coins, sun-glasses, buttons etc).

After 23 years of operating the 250 kW TRIGA Mark II reactor of the
Atominstitut, the reactor tank and the core structures were optically
inspected with a special nuclear underwater telescope, the beam tubes were
inspected with an endoscope, all debris and deposits were removed by a
strong underwater pump together with a set of filters and the reactor was
put into operation again after about three months shut-down period.



2. DESCRIPTION OF EQUIPMENT

2.1 Nuclear underwater telescope

The nuclear underwater telescopes are designed to be used in spent fuel
ponds and reactor vessel or tanks at various types of reactors both
research and power reactor to inspect surface conditions and to identify
fuel assemblies.

The telescopes are high resolution devices with continuously variable
magnification and allow remote underwater viewing of fuel assemblies or
elements, reactor vessel and components, both vertically and also
horizontally as a periscope. The unit penetrates the water level while the
water fills up to tube, providing complete radiation shielding for the
viewer. Since no radiation-sensitive optical element is built in at the
lower end of the unit, diminishing of optical image quality due to
radiation induced discolorization, reflection losses and distorsions is
eliminated. In order to facilitate acquisition of the object and detail
observation, the magnification can be continuously controlled.

The telescopes are designed for use in a vibrating environment (pumps,
ventilation and crane) to allow high resolution photography for in-service
inspection and safeguards verification.

Patented by the Institute of Isotopes and the Central Research Institute

for Physics of the Hungarian Academy of Sciences, the devices consists of

following units:
- optical unit with zoom, picture inverter and built in reticle
- protecting tubes 14 m of maximal length can be attained, reflection free
internal surface, either with 45 deg mirrors or without mirror

- vertical light source can be mounted on the protecting tube
- spot lamps, they can be mounted on the protection tubes or on the light

source holder tubes

- spot lamps (swimming)
- mounting and adjusting set up, which consits of the following main
parts:
- a four-wheel bridge device (for bridging of the vessel and placed on
the cover of reactor)

- a mobile carriage with the fixing apparatus of optical system (the



motion of carriage is along the longitudinal axis of the bridge)
- a photographic apparatus, a video camera and video system compatible
to the optical unit.

The complete optical system with spot lamps are easily set to any position
(coordinate) within the vessel adjusting the bridge and carriage system.
In normal situation the optical axis is perpendicular to the cover-plane
of the vessel, but there is a facility for adjusting the axis in any
direction up to 15 degree angle to the vertical position. Any object
situated at 3 to 12 meters from the ocular and situated horizontally or
vertically to the optical axis in water are well observable (Fig. 1).

The enlargement of the optical system is 35 x 150 with a resolution of 0.1
mm.

The optical system applied here has been developed for visual inspection,
photography and video recording of objects emitting ionizating radiation
under water.

The special properties of this system are:

- This equipment gives a perfect radiation protection for person carrying
the examination. This derives from the fact, that the water level over
the object is equal with the water level in the observer system (i.e. in
Telescope).

- Any disturbing circumstances, as water-motion or building-vibration does
not affect the examination.

- The optical unit is situated over the water level thus no radiation
damage occurs. Consequently, the life-time of these optical units is
practically endless.

- Colour photographs could be made from the object inspected by means of a
photographic apparatus adjusted to the optics.

- Colour picture from the object inspected could be recorded on video tape
by a video camera adjusted to this system.

- The colour picture of the object inspected could be transmitted through
a video system to any remote observation place.

- The underwater light sources developed to this system produce optimal
illumination for visual examination and for recording (see chapter 2.5).



2.2 Endoscope

For the inspection of the inside of neutron beam tubes an modular
endoscope manufactured by Claasen/Hamburg, FRG, has found to give
excellent results. The endoscope consists of an ocular and rigid optical
extension pieces of 1 meter (diameter 18 mm) length each. These modules
can be coupled together to the desired length (in the present case it was
4 meters). The front end of the endoscope houses the objective together
with an integrated 100 W/12 V lamp powered by a transformer. Various
objectives with forward-, 45°-forward-i 90° and 45°-backward viewing are
available. Photos or videotapes can be taken through the endoscope for
permanent record. In case of gamma radiation streaming out of the beam
tube, the occular can also be mounted at an angle of 90° (optional
equipment) and viewing can be performed from outside the radiation field
(Fig. 2, 3).

2.3 Tank cleaning pump with integrated filters

To clean the tank bottom from small debris a conventional pump completely
made of plastic as used for cleaning swimming-pools has been found
optimal. In the present case the model BADUSTAR 69/12 was used. This pump
is equipped with a coarse filter to collect larger objects (such as
screws) and 12 units of candle type fine filters collecting small
particles. One advantage is that these fine filters are reusable, they can
be even washed and reinstalled into the pump. Such aspects have to be
taken into account especially in developing countries where spare parts
are difficult to financed and hardly to be obtained. If desired an
additional fine filter (25 pm, CUNO type) and a mixed-bed ion exchange
column may be installed on the pressure side of the pump, before returning
the water into the reactor tank (Fig. 4, 5).

2.4 Underwater jet to remove deposits

From practical experience it is known that there are many areas in a
reactor tank which are not accessible from the top and which can be viewed
only through a mirror and strong underwater lights. If particles are
deposited there it is impossible to remove them even with sophisticated



tools. One tool has been found very useful to clean such areas from
debris or at least to stir it up to a more accessible area which is a
strong water jet produced by a portable compressor. Actually this system
is also used in conventional car wash stations to clean cars by a high
pressure water jet. Various types of nozzles are available and the
pressure of the jet can be continuously varied on the pistol-type handle
up to 160 bars. The material stirred up from the tank bottom or any
deposits removed from the tank wail can then be cleaned with the tank
cleaning pump - or if not available - will ultimately by collected in the
filter of the standard water purification system. In the present case a
system supplied by Karcher/FRG has been found very useful (price approx.
US$ 2.500,—) (Fig. 6).

2.5 High efficiency underwater light

A miniature strong underwater lamp has been developed by KFKI/Budapest,
Hungary especially with the aim to inspect remote areas in power reactors.
This lamp in a cylindrical housing of 13 cm length and 6 cm diameter is
powered through a 220 V/24 DV transformer and has a power of 250 Watts.
Due to heat production this lamp can only be operated under water. The
lamp is mounted on modular l m aluminium tubes which can be coupled
together to the desired length, by these tubes the lamp can be directed to
any desired position in the reactor tank (see Fig. 6).

2.6 Replica material

Once corrosion craters have been identified optically in the reactor
structural surfaces the exact dimensions especially its depth are yet to
be determined. For this purpose the replica method using a two component
silicon based material has been found useful. In fact this material is
used by dentists to perform fast and exact replica of damaged teeth. In
the present case a plastic cap of a powder bottle (diameter approx. 3 m)
was mounted at the end of an aluminium rod. The volume of this cap was
filled with the mixed silicon paste, being soft for about 3 minutes in
ambient air. Then the rod was lowered into the reactor tank (water
temperature about 30 °C) and immediately pressed on the corrosion crater
for 4 to 5 minutes. Within this period the silicon paste hardens



completely and the system can be removed from the reactor tank. The exact
replica of the corrosion crater is now available for further
investigation. The material prooved to be useful in this case is UNOSIL
manufactured by Siemens-Dental, one standard box of this material costs
about US$ 100,— (1988) and allows replicas of at least 25 corrosion
craters, depending on the volume of the above mentioned cap to be filled
completely with the material (Fig. 7).

2.7 Rotating underwater brush

In many areas of a reactor tank small surface spots from dark brown to
orange can be observed being local surface attacks from different origin.
However, these discolorization does not proceed into the structural
material, but has the thickness of the aluminium oxide layer. If desired
these spots can be brushed away using an underwater rotating brush. This
system consists basically of a standard hand drilling maschine with
variable speed, an extension shaft (6 to 8 mm) to the pool bottom and a
pot brush (made either from perlon or stainless steel) connected to this
shaft. As this system obviously cannot be guided and the thin shaft with
the brush will follow its own way, an additional guide tube is necessary.
This guide tube (aluminium tube, diameter 16 to 20 mm) runs parallel to
the shaft, is positioned with its lower end near the area to be cleaned
and holds the rotating shaft with three bearings (top, center, bottom)
allowing also a vertical movement of the shaft. The distance between guide
tube and shaft may be around 5 cm. Once the spot to be cleaned has been
selected the guide tube is positioned, the brush is lowered on the
corrosion spot and the speed of drilling maschine is increased slowly.

Using radial brushes instead of pot brushes also vertical surfaces may be

cleaned with this system.

With parallel operation of the tank cleaning pump (see chapter 2.3) any

dust or debris can immediately be pumped away from the cleaning area into

filters.



3. PRACTICAL EXPERIENCE

The equipment mentioned in chapter 2 has been used in 1985 to inspect and
to clean the 250 kW TRIGA reactor Vienna. In addition the underwater
nuclear telescope has been utilized to inspect one TRIGA reactor in a
developing country in 1987 with the financial support of the IAEA.
Additional inspections are planned in 1988 and 1989 in three research
reactors in South-East Asia.

At the Vienna TRIGA the telescope and the endoscope helped to identify
corrosion spots and debris. With the tank cleaning pump and the rotating
brush the corrosion spots were removed and the water filterd. Only
recently two craters were identified on the top aluminium plate of the
thermalizing column and their dimension were taken with the replica method
(see Fig. 7).

The 1987 inspection of a TRIGA reactor in a developing country revealed a
number of deep crater, some of them as deep as 5 mm with a material
thickness of 10 mm. Host probably small mild steel parts were deposited
for more than a decade and corroded the aluminium tank electrochemically
(Fig. 8, 9). Therefore frequent tank cleaning at least every six months
seems very important together with a high water quality (i.e. conductivity
< 1 nScm"1) and with detailed optical inspections every five years. For
this inspection the fuel elements should be removed from the core to have
better view of the lower core area and to reduce the radiation level
during beam tube inspection. The shut down period will be in the order of
two months which can easily justified in a five years period.

For further informations and -eference pictures contact the authors.
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Fig. 2 : Modular endoscope

Fig. 3 : Modular endoscope
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Fig. 4: Tank cleaning pump during operation

Fig. 5: Tank cleaning pump dismantled, fine filters
(white are seen on the left)
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Fig. 6 : Miniature underwater lamp and water jet

nozzle
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Fig. 6 (cont.) : Tank bottem before cleaning

with the water jet

Fig. 6 (cont) : Tank bottom after cleaning

with the water jet -.
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Fig* 7: Five replica prints of corrosion spots

on top of the thermalizing comlumn



Hole no 2 with small magnification

Hole no 2 with higher magnification

Fig. 8: Crater in the tank bottom, diameter of inner

hole about 1,5 mm



Hole no 4 below beam tube 1 (-45.5/-60.3 cm) and three spots on

right side of hole

L
Same as above, bigger enlargement

: Crater in the tank bottom, diameter o.f inner
hole about 1,5 mm.
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