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Abstract. Two 1500 MW(e) RBMK Units are operated at Ignalina NPP in Lithuania. Due to recent decision of
the Parliament on the earlier closure of Unit 1, preparatory work for decommissioning have been initiated.
Preferred decommissioning strategy is based on delayed dismantling after rather long safe enclosure period.

Since graphite is one of the basic and probably the most voluminous components of the reactor internals, a
sufficient information on status and behaviour of graphite moderator and reflector during long time safe
enclosure period is of special significance. In this context, thermal strain in graphite is one of the parameters
requiring particular interest. Electronic speckle pattern interferometry has been proposed and successfully tested
to control this parameter using the real samples of graphite from Ignalina NPP Units.

1. INTRODUCTION

There is only one nuclear power plant in Lithuania - the Ignalina NPP (INPP). The plant
consists of two similar units of RBMK-1500 reactors.

The RBMK-1500 is fuelled by a graphite-moderated, water-cooled reactor core having a
thermal power generation capacity of 4800 MW. The core of the reactor is housed in a 25 m deep
21 x 21 m cross-section concrete vault. The core volume is dominated by a large cylindrical graphite
stack. The graphite stack is constructed of closely packed graphite blocks stacked into columns and
provided with an axial opening. Most of the openings contain fuel channels. The graphite stack is
located in a hermetically sealed cavity consisting of cylindrical walls and top and bottom metal plates.
The entire reactor cavity is filled with a helium (about 40% by mass) and nitrogen mixture which
prevent graphite oxidation and improves heat transfer from the graphite to the fuel channels.

The graphite stack of the RBMK-1500 reactors serves several functions. The primary one is
neutron moderation and reflection, but it also provides structural integrity and in the event of a
temporary cooling malfunction serves as a relatively large heat capacity. The graphite blocks are
assembled within the inner cavity of the reactor on a supporting metal structure. The stack can be
visualised as a vertical cylinder, made up of 2488 graphite columns, constructed from various types of
graphite blocks.

The blocks are rectangular parallelepipeds, with a base of 0.25 x 0.25 m, and heights of 0.2.
0.3, 0.5 and 0.6 m of which the 0.6 m blocks are most common. The short blocks are used only in the
top and bottom end reflectors, as required to provide a staggered fit to neighbouring columns. The
total mass of graphite is about 1700 tons. The material must meet stringent purity requirements and
has a density of 1650 kg/m . Design graphite temperature in the corners of the column with respect to



the graphite stack height lies in the range of 400° - 800°C whilst the actual temperature is measured to
be a maximum of 750°C.

Due to the recent decision of the Parliament on the earlier closure of the Unit 1 at IgnalinaNPP
the proper management of the graphite during the decommissioning process becomes very important.
Depending on the strategy chosen, immediate or later dismantling with safe enclosure period, this will
require different approaches to the management of the graphite. During safe enclosure period
surveillance of its behaviour during rather long period of time will be necessary until it will be
dismantled and sent for disposal. Different existing methods can be used but new ones must be also
developed.

In relation with this thermal strain measurement method using electronic speckle pattern
interferometry methodology was tested in Lithuania for application to the graphite. Methodology and
results of these measurements are presented in this paper.

2. METHODOLOGY

The principle of speckle interferometry uses the ability of laser light of interference
(space coherence of light). The object to be analysed is entirely illuminated with laser light.
The light waves, which are reflected by the single points on the object's surface, interfere and
produce so called speckle pattern. This speckle pattern is superposed by reference light, which
is produced according to the used measuring technique by different means [1,2]. The
interference between the reference light and the speckle pattern produces a new speckle
pattern in which additionally shape and position of the object's surface is contained. This
speckle pattern is stored in the image-processing computer as reference image. When the
object is moving the speckle pattern is changing. By the comparison with the reference pattern
correlation fringes are produced which represent the displacement respectively deformation
component of the object's surface. The main progress in the developing of such measurement
technique was done in the nineties, when fast computers used in data acquisition and analysis
were employed [3-5]. The software can be used to count the correlation fringes and to
transform them automatically into a quantitative set of deformation. The main advantage of
the electronic speckle pattern interferometry as compared to the classical interferometry and
holographic methods is ability to measure strain of the real diffusive surfaces. Diverse
applications of the electronic speckle pattern interferometry can be found in the recent
publications: strain /stress measurements of technical surfaces [3], degradation of stressed
solid materials [4], testing of microcraks [5], testing and dimensioning of structures [6], etc. In
most cases automatic analysis of differences images requires significant processing to enhance
the contrast of fringe regions. In the present work measurements of the thermal strain
produced by spot heating of aluminium and graphite plates using electronic speckle
interferometry are presented, different methods of image filtering are applied to produce high
contrast correlation fringes.

3. EXPERIMENTS

The dual illumination method (Fig. 1) where speckle pattern is produced by
simultaneous illumination of the sample (5) with two laser beams, directed symmetrically to
the observation direction was applied. He-Ne laser (output power 20mW) was used as a
source of light (1). The laser beam was split using semitransparent glass plate (7) and directed
to the sample using system of mirrors (8,9) and lenses (10,11).
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Fig.l Schematic of the ESP I system. 1- laser, 2 - video camera, 3-frame grabber, 4 - PC, 5 - object,
6 - source for the heating element, 7 - beam splitter, 8,9 - mirrors, 10,11,12 - lenses, 13 - heating
element.
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Fig. 2 Speckle patterns of the surface at different time of heating, a —1=0, b — t=70s.
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The angle between two incident beams was changed in the range 6°-15°. The resultant
speckle pattern was focused by the lens (12) and recorded by the monochrome video camera
(SONY (SPT-M308CE)), with resolution 768x576 pixels. The output of the video camera
was connected to the camera monitor and PC (PENTIUM, 150MHz) using the frame grabber
(DATA TRANSLATION (DT-3155)). The standard software (DT-Acquire and Image Pro
Plus3) was used for the data acquisition. The digital images (433 KB each) were sequentially



transmitted to the hard disk of PC. All the optical elements were mounted on the massive
optical bench and air bags were used to reduce noise due to mechanical vibrations of the
system. Time resolution of the system is defined by the data acquisition software and equals
200ms.

The spot heating (10W) was applied to the central part of the sample. Direction of the
measured displacement is noted as Ax in Fig. 1. The total available measurement area for this
set-up was 12 x 12 mm. Acquired images were processed using original software prepared
using the MathCad7 Professional. The BMP images (256 grey levels) that were presented as
the matrices (768 x 576) were used in the following analysis. The typical speckle patterns of
the central part aluminium plate (40 x 40 x 10 mm) surface at different time of heating are
presented in Fig. 2 (a, b). The dark spot at the centre of the plate corresponds to the place of
the heating element and it is pointed to guide the eye. (The length of the square side is 10 mm)

4. RESULTS AND DISCUSSIONS

During all the process of heating speckle patterns were stored with the time interval 5s.
The first image (t=0) served as the reference one. The difference between two patterns is
presented in correlation fringes that one can see in Fig. 3. Fig. 3a presents simple difference of
two matrices of intensities and Fig. 3b is formed using calculations of correlation coefficients
for the different areas (ranging from 5 x 5 to 50 x 50 pixels) of the speckle patterns. One can
understand that fringes evolve in time due to the change of shape of the plate and can be used
to monitor strain kinetics or temperature distribution (if thermal expansion coefficient is
known).

The measuring sensitivity can be expressed as following:

tj hi

Fig. 3 Visualisation of the correlation areas a) difference of two matrices of intensities,
b) correlation method.



Fig. 4 Influence of the image flittering on the contrast of correlation zones.
a) no filtering was applied, b) with filtering
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Fig. 5 Distribution of pixel intensities in r.u versus number of columns for the 390-th row of
matrix of intensities: a) without filtering, b) with filtering, c) with filtering and normalization.
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Fig. 6 Aluminium plate deformations at the different time of heating; a) deformation after 70s,
b) deformation after 230s.
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/g. 7 Temperature field of the aluminium plate due to point heating (t=150s).
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/g.5 Temperature field of the graphite plate due to point heating (t=150s).



where Ax is the deformation component of the object point in the measuring direction in
plane, N is fringe order at the measuring point, © is angle between two illumination
directions. The speckle interference image should be filtered to define exact position of the
correlation zones. Influence of the digital filtering is demonstrated in Fig. 4a. and 4b.
Mathematically this operation is based on the calculations of the Gaussian average values of
intensities of small areas of all matrix of intensity and change of the real intensity distribution
to the averaged one (scale-space filter [7]). The result of filtering one can see in Fig. 5 where
distribution of intensities of the 390-th row of matrix is shown as a function of column
(crossection of the matrix in the direction of measurement) before filtering and after filtering
and normalisation. Obtained normalised pictures one can use to define position of the
different points of the real surface at the different time of heating i.e. to define strain
dependence versus time.

First of all analysis of the strain of aluminium plate (case of the diffusive surface) due to
thermal heating was performed and results of these tests are shown in Fig. 6. Notations used
in this figure are as follows: x is the measurement direction, y is the co-ordinate perpendicular
to the x (optical scheme is not sensitive to the displacement in y direction) and Ax is the
displacement in the direction x. When the uniform sample with well known physical constants
is used the strain dependence versus x and y one can use to define temperature field of the
sample due to point heating. Temperature fields in the aluminium plate due to point heating
are shown in Fig. 7.

The same procedure with the graphite plate (case of absorbing surface) was repeated and
temperature fields due to point heating are shown in Fig. 8.

5. CONCLUSIONS

We have demonstrated principles and applications of the electronic speckle pattern
interferometry. This method as the contactless method can be applied for the free shaped
bodies exposed to the high temperatures or mechanical stress. Abilities of the created
hardware and software were demonstrated in strain measurements for the diffusive aluminium
and strongly absorbing graphite surfaces. The spatial resolution of the presented method
depends on the geometry of measurements and equals up to lOOnm.
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