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ABSTRACT

The HANARO, an open-tank-in-pool type research reactor of 30 MWth power in Korea, has been operating
for 10 yearssinceitsinitia criticality in February 1995. The reactor power has been gradually increased to the full
power reached in June 2004.

This paper describes a few mechanical technologies for the remote measurements of the dimensions of the
reactor main components for the installation of new facilities and for the in-service inspections.

After afew years operation, a new bracket called ‘in-chimney bracket’” was required in the Hanaro chimney
to support the irradiation facilities in the core against the seismic and flow-induced vibrations. The inner
dimensions of the chimney walls and four opening holes on the wall were required to be measured for the design
and installation of the in-chimney bracket because there were not enough as-built dimensions. Therefore we
remotely measured the as-installed dimensions of the chimney with atechnology of relative measurement method
and special tools using a remote caliper mechanism. We verified the validity of the measured data by the
successful installation and service of the in-chimney bracket.

The other technology was required to measure very accurate dimensions of avertical hole of 160 mmin the
reflector vessdl for the installation of a cold neutron source with a minimum light water film in the warped tube
due to welding deformation. A dial gauge moving on two linear motion guides assembled on a strong axis was
used to measure the diameter, eccentricity and straightness. The measured dimensionswere verified to be accurate
enough to apply in the design of the vacuum tube which will beinstalled in the hole.

The inner shell of the reflector vessal surrounding the core is the most critical part from the viewpoint of
neutron irradiation. The periodic measurement of the dimensional change in the vertical straightness of the inner
shell isconsidered as one of the in-service ingpectionsto confirm the analysis results for the creep & growth of the
zircaloy vessel. We used the same technology of the dial gauge measurement but a different type of tool with a
linear motion guide. We verified the accuracy of the tool to be better than 0.035 mm which is precise enough to
figure out the deformation change of a fraction of a millimeter in the straightness of the inner shell. The
measurement was successful and showed repetitions for the data.
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1. INTRODUCTION

The HANARO, an open-tank-in-pool type research reactor of 30 MWth power in Korea, has been operating
for 10 yearssinceitsinitia criticality in February 1995. The reactor power has been gradually increased to the full
power reached in June 2004. The reactor structure is composed of stainless steel plenum and grid plate, zircaloy
reflector vessel and fuel channels, and aluminum chimney. The reactor structureis’5.4 min height and submerged
in the 12.2 m deep light water of reactor pool. After a few years operation, we needed a few important

4066 Copyright © 2005 by SMiRT18



measurements for the dimensions of the reactor main components for the installation of new facilities and for the
in-service inspections.

A new bracket called ‘in-chimney bracket’ was required in the Hanaro chimney to support the irradiation
capsules in the reactor chimney against the seismic and flow-induced vibrations of the irradiation capsules. The
inner dimensions of the chimney walls and positions of four opening holes on hexagonal shape wall were required
to be measured for the design and installation of the in-chimney bracket because there were not enough as-built
dimensions.

We are going to install acold neutron sourcein avertical holein thereflector vessel called “CN hol€” in near
future. For the optimal design of a vacuum chamber, which is to be installed in the CN hole, it was required to
measure very accurate dimensions of the CN hole to minimize the thickness of light water between the vacuum
chamber and the CN hole.

The inner shell of the reflector vessal surrounding the core is the most critical part from the viewpoint of
neutron irradiation. The periodic measurement of the dimensional change in the vertical straightness of the inner
shell is considered as one of the in-service ingpections to confirm the analysis resultsfor the creep & growth of the
zircaloy vessel. Therefore, the periodic measurement of the inner shell isrequired to monitor the deformation due
to irradiation creep and growth.

This paper summarizes the technologies for the various remote tools and successful measurements for the
ageing management and the design of the new components to be installed in the reactor structure.

2. REMOTE DIMENSIONAL MEASUREMENT FOR REACTOR COMPONENTS

2.1 As-built Dimension of Chimney

A new bracket called ‘in-chimney bracket’ was required in the Hanaro chimney to support the irradiation
facilitiesin the core against the seismic and flow-induced vibrations. The in-chimney bracket is composed of two
base frames, two OR clamps and one CT/IR clamp. Each OR clamp is assembled on each base frame out of pool
and installed together in the chimney wall using the two square openings provided on chimney wall a 0.7 m
below the chimney top. Then the CT/IR clamp isinstalled on the two base frames. Figure 1 shows the top view of
the in-chimney bracket installed in the hexagonal chimney. Figure 2 shows the section view of the in-chimney
bracket with the chimney and reflector vessel. To design and install the clamps at the positions vertically aligned

CT/IR clamp

OR clamp

Base frame

Fig.1 Top View of In-Chimney Bracket

Fig.2 Section View of In-Chimney Bracket
Fig.3 Remote Caliper in Dummy Chimney
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with theirradiation sites of OR, CT and IR, it isimportant to know the dimensions such as the distances between
the four walls of the chimney at the installation level and the horizontal location of the four openings through
which the base frames are inserted and fixed. Because the chimney openings are located 8.7m below the pool top,
we developed a special remote gauge called ‘ remote caliper’ to measure the as-built dimensions. Figure 3 shows
the measurement tool installed in a dummy chimney, which was fabricated in similar dimensions to the rea
chimney. The remote caliper was developed such that probes are moved horizontally by rotating along vertical
tool until they contact with the measurement faces. The combination of aworm and worm gear, and a pinion and
rack is the main mechanism to move the probes.

We could find the real dimensions of the chimney by comparing the difference from the dummy chimney on
which we could measure the real data with an absolute ruler in air. The accuracies found through the repeated
measurements were 0.8 mm for the location of the openings and 0.2 mm for the distances between the facing
chimney walls. These were accurate enough considering that the bracket is located at 2.7-3.7 m above the lower
support points of the irradiation capsules even though we include the tolerance of 1 mm for installation of the
in-chimney bracket. It is certain that we verified the validity of the measured data by the successful installation,
the vibration reduction of the irradiation capsules under core flow, and the service of the in-chimney bracket from
2000 without any problem.

2.2 Shape of CN Hole

Hanaro hasavertical tube in the reflector vessel called ‘CN hol€e’, which
was directly welded to the nose of a horizontal beam tube for cold neutron
researches. The CN holeisa @160 mm x 1200 mm long tube welded to the
zircaloy reflector vessel. It has a center hole, @42 mm on grid plate at the
bottom of the CN hole, and a flange welded to the aluminum chimney at the
top of the CN hole. The CN hole was deformed during manufacturing due to
the welding with the horizontal beam tube as shown in figure 4. Therefore the
diameter of the hole was reduced by about 3 mm at the nose of the CN beam
tube, and the concentricity was changed to match with those of the grid plate
hole and the chimney flange.

A vacuum chamber, which contains the cold neutron source, should be
installed in the CN hole with the light water film as thin as possible for better
efficiency of the beam. Therefore we have to know the shape of the CN hole,
especially the diameter and eccentricity at the elevation of the beam nose, for  Fig.4 Section of CN Hole
the design and installation of the vacuum chamber. Unfortunately we did not
have the detail as-built dimensions of the CN hole required for the design of 2
the vacuum chamber. Thus we measured, in 2004, the diameter, straightness I i
and concentricity and obtained good results.

The measurement was a very delicate work with various special tools
and a stable working platform to measure the hole located at 12m below the
water level. The mechanical dial gauge, as a measurement probe, was a good
choice to get the precise and reliable data under the radiation field. The dial
gauge runs vertically on two linear motion guides mounted on a robust shaft.
The tool can also be rotated on a centering shaft in the circumferential
direction, at each 15 degrees. Therefore, it can measure the radius of the CN
hole in vertical and circumferential directions. The positioning of the dial
gauge was done by manipulation at the pool top with a reference ruler and
position guide as shown in the figure 5.

The reading of the dial gauge was possible with aradiation hard camera
approached to the dial gauge. From the measured radii, we got the valuable
data such as diameter and straightness for most area of the CN hole and
eccentricity with the grid plate hole and the chimney flange [1]. We confirmed : G
that the shape and values are similar to the as-built information on the CN hole i
and verified, with an insertion test of plug gauges in the CN hole, that the ~ Fi9-5 Measurement of CN Hole
accuracy of measurement data is better than 0.11mm in diameter.
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2.3 Deformation of Inner Shell

The inner shell of the reflector vessal surrounding the R:l o
core isthe most critical part from the viewpoint of aneutron
irradiation. The periodic measurement of the dimensional
changes in the vertical straightness of the inner shell is
considered as one of the in-service inspections.

According to an anaysis on the deformation of the
inner shell of the reflector vessel, it was estimated that the
inner shell would deform by a maximum of 0.84 mm
toward the core center on the center line of R2 and R19, as
shown in figure 6, due to creep and growth during a reactor
operation for 20 years at the power level of 30 MW. To
confirm the safety of the reactor and the validity of the
analysis as well, we decided to measure the straightnessof  Fia.6 Inner Shell Deformation & Measurement
the centerlines of the two worst sides of the inner shell as
shown in figure 6. Development of various special tools ]
was needed not only for the measurement of the inner shell Straightness of Innershell at R2
but also for the removal of some components from the Nest side center)
reactor core located 12 m under the pool top, while —$—measurementn 2004
maintaining the pool water at norma level. The main —*— bere nstalhton

Measurement
points R2

~

component of the measurement tool assembly is a dial 1.00 defom aton

gauge moving on a linear motion guide. The performance T o0 |

and the accuracy better than 0.035mm of the measurement ‘Z* 050 |

tool were verified through tests using a dummy inner shell £ o |

and areference straight edge. - R A ¢
The measurement work in August 2004, the first o

measurement ever, was successful including the removal of 0BT ' EEFEEEEREEE

reactor components such as flow tubes, absorbers, and
shrouds to install the measurement tool. The measurement
results showed that the change of straightnessis very small
comparing with the shape before installation [2]. The
maximum deformation was 0.26 mm at the center of the R2
side toward the core center, the same direction as the
prediction as shown in figure 7. At the time of the measurement, August 2004, the fluences at the inner shell were
in-between 5E25 and 9E25 n/m?. The magnitude of the deformation was evaluated to be much smaller than that
estimated by the analysis, taking into consideration that the irradiation growth saturates at an early stage of the
reactor operation and there is no acceleration after a fluence about 2E25 n/m? [3]. We confirmed that the inner
shell keeps not only the structural integrity but also the physical clearances with adjacent absorber rods and fuel
channels. Nevertheless, the inner shell will be periodically measured using the tool every 10 year according the
ageing management program.

Vertical Position (mm)

Fig.7 Result of Inner Shell Deformation

3. CONCLUSIONS

For the installation of the in-chimney bracket, we remotely measured the as-installed dimensions of the
chimney with atechnology of relative measurement method and special tools using a remote caliper mechanism.
We verified the validity of the measured data by the successful installation and service of the in-chimney bracket.

For the optimal design of the vacuum tube, which isto beinstalled in a CN hole of ®160mm in the reflector
vessel, a dial gauge moving on two linear motion guides assembled on a robust axis was used to measure the
diameter, eccentricity and straightness of the CN hole which is 12 m apart from the pool top. The measured
dimensions were verified to be accurate enough to apply in the design of the vacuum chamber.

The periodic measurement of the dimensional change in the vertical straightness of the inner shell is
considered as one of the in-service inspections to confirm the analysis results for the creep & growth of the
zircaloy vessel. We used the same technology of the dial gauge measurement but a different type of tool with a
linear motion guide. We verified the accuracy of the tool to be enough to figure out the deformation change of a
fraction of a millimeter in the straightness of the inner shell. The first measurement in 2004 was successful and
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showed good structural integrity.
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