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Abstract

Sipping test device is used to identify the tightness of the irradiated fuel assem-

bly during refuelling campaign. The gas is selected as the medium and the xenon-133 as the
indicating nuclide. The device consists of the gas system, the y-activity detection and mea-
surement system, the power supply and signal system, the mechanical components and parts.
The device has satisfactory functions, e.g. easy operation, indication in instrumentation, chart
record and acoustic alarm, which can meet the operation demand of the nuclear reactor.
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1 Introduction

Sipping technique is used to identify the
tightness of the fuel. By isolating the fuel as-
sembly to be tested and increasing the pressure
inside the fuel (by heating) or decreasing the
pressure outside the fuel, the fission products
released from the defective fuel will be acceler-
ated. The tightness of the fuel can be identified
by detecting the fission products.

The sipping technique has been developed
since the 1960’s. Up to date, there are the sip-
ping taking the water as the medium, iodine
and cesium isotopes as the indicating nuclides;
the sipping taking the gas as the medium, kryp-
ton and xenon as the indicating nuclides; the
poolside sipping using the sipping cell as the
isolator; and the in-mast sipping using the mast
of the refuelling manipulator as the isolator.

The objective of this subject is to set up
a detection device to identify the tightness of
the irradiated assembly for Qinshan phase two
NPP. The device should be more sensitive and
easier to be operated.

2 Optimum selection

It was learnt from the literaturell?) that
the escape factors of fission gas krypton and
xenon from the defective fuel into the coolant
are about five times of the factors of soluble
fission products iodine and cesium, the activi-
ties of 8Kr and 133Xe in the coolant are higher

than those of 131 and !37Cs, and the activity
of 133Xe in the coolant is about 150 times of
that of 3Kr, the 133Xe has the much portion
of v activity with high peak which is easier to
be detected, 33Xe with a shorter half life can
be detected during refuelling operation. There-
fore, the 133Xe%s the best indicating nuclide for
the sensitivity of device.

The in-service sipping using the mast as
the isolator is simpler than the sipping with the
special sipping cell and it is easy to be oper-
ated, only a bit more operation time is neces-
sary without special operator. Then, the in-
service sipping with gas medium and 33Xe, the
indicating nuclide were selected.

3 In-service sipping test device

As the fuel assembly griped by the grip-
per is raised inside the mast of the refuelling
manipulator from the reactor core to the top
gripper position for about 9m, the !33Xe re-
lease through the defective cladding of the fuel
will be accelerated. The compressed air injected
into the mast at the bottom rising around the
fuel rods will carry the 133Xe. The air will be
attracted from the top of the mast to the count-
ing chamber where the ¥ activity of the air will
be detected and measured by the v activity de-
tection and measurement system to identify the
tightness of the fuel assembly.

The sipping device consists of the gas sys-
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tem, the v activity detection and measurement
system, the power supply and signal system,
and the mechanical components and parts.

3.1 Gas system

The gas system is used for the compressed
air supply, the air injection and the air attrac-
tion to the counting chamber.

The compressed air flow is divided into two
ways, one is to supply the injection air at cer-
tain pressure and flow rate to the bottom of the
mast, the other is to supply the air at certain
pressure to a vacuum generator to attract the
air from the mast through the counting cham-
ber in certain flow rate.

The calibration of the gas system includes
two steps: the tightness test of the whole circuit
section by section; adjusting pressure and flow
rate to the values.

3.2 The v activity detection and measure-
ment system

The 4 system is used for detection, mea-
surement and record of the v activity of the
gas inside the counting chamber, and consists
of a series of Nuclear Instrument*Module (NIM)
units, the detector and the recorder.

The calibration of this system is done in
three more steps: the adjustment of the NIM;
the drawing of a curve in cps-threshold with
a standard solid 4 source; the setting of the
threshold corresponding to the cps peak of the
indicating nuclide.

3.3 Power supply and signal system

The power supply and signal system is
used for supplying the power to the NIM rack,
the recorder and the signal light. The system
consists of the breaker, the timer, D.C. power
source and signal light.

3.4 Mechanical components and parts

The mechanical components and parts in-
clude: the counting chamber, the lead cask, the

source holder and the cabinet. All of these mat-
ters are out of vendor catalog. The design, man-
ufacture and quality assurance should be done
specially.

3.5 The key behaviour of the device

The following characteristics of the device
were carefully measured: the sensitivity of the
v system, the tightness and attraction ability
of the gas system, the calibration parameters
of the systems in the device, the indication and
record functions of the device.

3.6 The approach to the goal

The subject was successfully completed
step by step as the following :

(I) The investigation done by consulting
the information about existing sipping device
worldwide from the experts and literature. (1)
The optimum selection based on the investi-
gation. (II) The engineering work. (IV) The
procurement of the standard parts within the
vendor catalog (for example, Breaker, Timer,
Recorder, NIM). (V) The manufacture of the
special parts (for example, lead cask, counting
chamber, cabinet). (VI) The assembling and
calibration of individual system outside the cab-
inet separately. (VII) The assembling and cali-
bration of whole device inside the cabinet. (VII)
The evaluation of the key behaviour and the ac-
ceptance of the device.

3.7 The performance of the device

The device has satisfactory functions, e.g.
easy operation, indication in the instrumenta-
tion, chart record and digital indication, and
acoustic alarm. The calibration parameters are
as they should be.
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