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Abstract

In 1992/93 the personnel of Leningrad NPP carried out restoration of the diametral gas gap
(GG) between fuel channels and graphite bricks of the second reactor. Simultaneously, extensive
inspection of the graphite stack was realised. It included measuring of hole diameters in graphite
bricks, measuring graphite columns' height and curvature and visual inspection of the internal
surface.

The results of this inspection allowed defining more correctly the dependence of dimensional
changes in graphite bricks upon neutron irradiation and confirmed that the state of graphite was
good enough for further operation during the design service lifetime.

1. INTRODUCTION

There are 11 operating units with RBMK reactors in Russia. Four of them are the
oldest reactors of the first generation, which are now in the stage of intensive upgrading for
increasing their safety.

One of the most important part of this work is the restoration of the diametral gas gap
between fuel channel zirconium tube, graphite rings and internal surface of graphite bricks
(Fig. 1).

GG closure is the result of the irradiation induced growth and creep of above
mentioned materials. It can lead to the jamming of fuel channels by graphite bricks,
increasing of uncontrollable loads on fuel channel welds and to the untimely cracking of
graphite bricks.

That is why it was decided to perform restoration of GG by replacing fuel channels
and reboring graphite brick holes.

At the first unit of Leningrad NPP, restoration of the GG was carried out in 1989/90.

Now, the first unit of Kursk NPP is under upgrading too.

Withdrawl of all fuel channels gave a unique opportunity to examine the state of
graphite.

161



DIAMETRAL GAS GAP 5n, nun

INITIAL

2-3,46

BEFORE RETUBING

0-1

AFTER RETUBING

2,7-4,16

Fig.l Pressure tube and graphite brick arrangement in afitell cell

1 - Graphite brick; 2 - Pressure tube; 3 - Inner graphite ring; 4 - Outer graphite ring.

Second unit of LNPP had operated for 16,5 years before the upgrading began.

Graphite bricks of the moderator and reflector were fabricated from anisotropic
graphite GR-280, which is quite similar to graphite PGA.

Till 1992 the graphite of the average power fuel cells was irradiated by neutron
fluence of about 9.5-1021 n/cm2 under an average operating temperature of about
500 - 550 °C.

2. SCOPE OF EXAMINATION AND INSPECTION FACILITIES.

The inspection programm included:
- measuring of the hole diameters in graphite bricks before repair in 418 fuel cells;
- measuring of the hole diameters in graphite bricks after repair in all fuel cells;
- measuring of the column height in 55 fuel cells;
- measuring of the column curvature in 50 fuel cells;

determination of the fuel channel withdrawal force in all fuel cells;
inspection of the surface hole state in graphite bricks in 454 fuel cells before repairs
and in all fuel cells after repairs.

Measurements of graphite brick hole diameters were carried out using devices
developed by LNPP personnel on the base of inductive transducers of differential
transformer type.

These instruments are capable of measuring concurrently diameters in two mutually
perpendicular vertical planes.

Secondary device was used to record measurements as profile diagrams.

The same instrument was used for measuring the height of graphite columns.
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The internal surfaces of graphite bricks were visually examined using a special TV
camera, TSU-24M.

The curvature of the columns was estimated from measurements of fuel channel
curvatures, which were made by means of a special inclinometer.

3. MAIN RESULTS

Prediction of the GG closure time requires combined analysis of the deformation of
graphite and fuel channel metal, which have different threshold energy levels.

That is why this analysis is based on the values of energy production per cell.

According to our investigations the conversion factor to convert energy production
per cell (expressed in MWday) to neutron fluence with En>0.18 MeV (expressed in
n/sm2) isequaltol .M01 8 .

Results of measurements of the hole diameters in graphite bricks showed that at the
current stage of reactor operation the diameter change can be described quite well by the
following linear function.

D = 114.11-0.16M0"3W,

where

W - energy production in fuel cell (MWday).

Maximum shrinkage was discovered in the bricks placed within ±1.5 m from the
center of the reactor core along the stack columns.

This is in good correlation with axial neutron flux distribution.

For an average power fuel cell, GG closure, or appearance of a local contact between
structures, took place at the time when the value of energy production per fuel cell became
"9700 MW days.

Calculation of the time (or energy production) of GG closure performed using
preliminary results of measurements and the results of measurements in the process of
retubing gave almost the same value (Fig. 2).

It seems to be of interest to compare the conditions of retubing at the first and second
units of LNPP.

From the point of view of operation time till the beginning of retubing, the second
unit was operated 1 year longer than the first one.

It led to increasing of fuel channel withdrawal forces and to some complication of the
repair work.

Fig. 3 shows some results of fuel channels withdrawal force measurements.

The average rate of the axial graphite column shrinkage was about 8 mm (or 0.1 %)
per 1000 MWt days (Fig.4).

This factor is important for operability of RBMK reactor , because there is a
telescopic tube joint in the upper part of a fuel cell.It is necessary to compensate the
thermal expansion and irradiation induced shrinkage of graphite columns.
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Fig. 2 Estimation of the time (energy production) for closing of gas gaps at Leningrad NPP,
Unit 2, using preliminary results and results of large-scale measurements in 1992/93.
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Fig. 3 Fuel channel withdrawal force versus energy production per unit cell

164



Estimations of graphite columns' bending did not reveal any deviation from then-
initial state after mounting.

The RBMK graphite stack operates in a nitrogen - helium mixture under relatively
low temperatures.

Visual examination of the internal surface of bricks did not reveal any traces of
oxidation or presence of cracks.

However, some local damage of bricks was observed in several cells in places near
the vertical connections of bricks.

It was obvious that these cases of damage resulted from fuel channel withdrawal.

In general,the results of inspection confirmed the satisfactory state of the graphite
stack and the possibility of its further operation.

The gas gaps between fuel channels and graphite bricks were restored and now the
second unit of Leningrad NPP is operating at the design power level.
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Fig. 4 Radiation induced shrinkage of graphite column during the reactor operation

NEXT PAQE(S)
toft BLANK 165


