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ABSTRACT

Monitoring of fuel failure in the experimental fast reactor JOYO
is provided by two different methods, which are cover gas monitoring
(FFDCGM) by means of a precpitator, and delayed neutron monitoring (FFD
DNM] By means of neutron detectors.

The interpretation of signals which were obtained during the reactor
operation for performance testings, was performed. The countrate of
the CGM is approximately 120 cps at 75MW operation, whose sources are
due to Neza, Ar41. and_Ha24. And the countrate of the DNM is approxi-
mately 2300 cps at 75MW operation which is mainly due to leakage neutron
from the core. With those background of the systems, alarm level for
monitoring was set at several times of each background level.

The reactor has been operated for 5 years, the burn-up of the fuel
is 40,000 MWD/T at the most. No trace of any fuel failure has been
observed. The fact is also proven by the results of cover gas and sodium
sampling analysis.

In order *o evaluate sensitivety of the FFD systems, a preliminary
simulation study has been performed. According to the results, a signal
Jevel against one pin failure of 0.5 nmz hole may exceed the alarm level

of the FFDCGM system.
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1 Description of JOYD FFD system

The fuel! failure monitoring in the experimental fast reactor JOYO is
provided by two different methods, which are delayed neutron monitoring
{ DNM ) system and cover gas monitoring { CGM ) systenm.

For the DNM system, neutron counters, BF3 and B-10, are installed
at one of the primary hot leg pipings, so as to detect delayed neutrons
emitted from fission product as Br87, BrBB, I]3Yand I]38. DNM block
layout is shown in Fig 1-1. As shown in Fig 1-2, the counters are sur-
rounded by shielding materials, graphite blocks are to thermalize the
delayed neutrons in order to increase sensitivety of the system, lead blocks
are for gamma ray shielding, and polyethylene shielding is to reduce the
background due to leakage neutron directly from the reactor core through

th piping penetration.

In order to provide a broad monitoring range of the systems, two
BF3 counters, which signals are added each other to increase countrate,
are used to cover the sensitive side of the range, and B-10 counter is
used to monitor the other side of the range, in case of a big amount of
fission products released.

The CGM system consists of piping systems, two vapor traps, a
compressor and a precipitator as shown in Fig 1-3. The reactor cover
gas is extracted from the reactor gas plenum and driven to the precipitator
through one inch piping. The cover gas is sodium-trapped by two vapor
traps and reaches the precipitaticen chamber. 1In this chamber, 8 decay
daughters of fission products are precipitated on the negatively charged
wire,

The precipitator is composed of a g-scintillation counter, wire,
chamber, a wire drive motor and shielding, as illustrated in Fig 1-4.
The wire is charged to 500 volts to collect g decay nuclides. The wire
is driven from the chamber to the scintillation counter at an interval,
and after being monitored, the wire is driven to the wire drum, which
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stores wire about one hundred times longer than one interval Tength.
During the stay at the drum, the wire activity will decay.

Th. precipitator has three nozzles, a sample gas inlet, a clean
argen gas purge line and a gas outlet nozzle. Clean argon gas flows from
scintillator side to the chamber through the wire guide hole to prevent
the sample gas flowing to the detector and to reduce the background,

2 Interpretation of the signals

The background countrates of the system were obtained duting power
ascension program, and are approximately 2300 cps for DNM and 120 cps for
CGM at 75 MW operation.

The sources of the background were examined through day-by-day plant
data. Fig 2-1 shows the decay curve of DNM at 50 MW scram testing. As
the reactor was stopped, the countrate immedeately decreases as much as 94
% of the total, thereafter gradually decreases with a half life of 15 hr
which is of Na24. This 94 % of the total countrate is due to leakage
neutron from the reactor core through the primary piping penetration at
the reactor vessel. And 5 % of the total countrate ccincides with the
15 hr-half-Tife and is supbosed to be photoneutrons emitted at polyethylene

by Na24-gannn.

To study the source nuclides of the CGM background, wire drive was
stopped during 50 MW operation. From the decay curve , shown in Fig 2-2,
it was found that 60 % of the countrate is due to Nezs. The nuclide Ne23
was identified by that the measured half life is close to that of Ne23,

and also by a gamma spectroscopy of the primary cover gas sampling system.

From the decay curve at scram test, shown in Fig 2-3, it is seen that
the decay curve is separated into 2 hr half life component and longer half
1ife component. The 2 hr half 1ife component is supposed to be Ar41 and
which dominates 20 % of the total background. The longer half life source
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of 15 hr is seen and contributes about 5 % of the total. This is supposed
to be Na24 which was carried as vapor in the sampled gas, The Na24 satu-
ration is seen when the reactor is operated at the rated power, as shown

in Fig 2-4.

As mentioned above, the background of the both systems depend on the
reactor power. The countrate vs reactor power is given in Fig 2-5. During
the reactor operation alarm Tevel of the system is set at 3 times and 6
times of the backgrounds for DNM and CGM respectively, and operation 1imit
is provided at 5 times and 10 times of the backgrounds for ONM and CGM re-
spectively. JOYO has been operated for 4 and half years, and no trace of
fuel failure has been observed.

3 Simulation study of failure mode

In order to evaluate sensitivety of the system, a simulation study
has been performed. Failure mode treated in the study is classified into
slow Teak failure and pin hole failure. The slow leak failure is defined
as that a slight gas leak from the welding portion of the cladding and the
leak is no longer observed when the reactor stopped. The pin hole failure
is defined as a cladding failure with a hole of a few 10th mm2 or more
which 15 large enough to release whole FP gas immediately.

In the slow Teak failure, the leaking gap is so small that the leak
rate is to be constant, and the short-life halogenous FP gas decays before
release from the cladding. The degree of the failure is represented by
a pressure decay constant ( Ty ) which is defined as a time to let the
pressure of the cladding decrease to half.

In the pin hole failure, the hole is large enough to release whole FP
gas in the cladding. Thereafter, new-born FPs are released if the reactor
is in operation. The release rate of FP gas depends on the size of the
failure hole. In Fig's 3-1 and 3-2, conceptual behaviors of slow leik
failure and pin hole failure are shown.
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In the simulation modeling, the following mechanizms are taken into
account.

1) FP inventory balance in fuel pin with failure,

2) FP escape from the failure pin as constant release model for slow leak
failure, and as hole-size dependent release model for pin hole failure,

3) FP behavior model in the coolant as FP diffusion in the coo]anf, coolant
flow and FP transition to the cover gas, and

4) Response of the FFD instruments.

Fig 3-3 shows CGM signal response to slow leak failure, as a parameter
of pressure decay constant ( Td ). As seen in the Fig 3-3, the countrate
exceeds the alarm level ( 720 cps } of the CGM system. In the DNM system,
however, detection of slow leak failure is not possible, since halogenous
FP gas is short-1ife nuclide, and decays before detected.
For the pin hole failure, fuel failure with. 0.5 nmz hole is detectable
by both CGM and DNM. Signal responses of the systems are shown in Fig 3-4
and Fig 3-5.

4 Conclusion

The experimental fast reactor JOYO has been operated for more than
10,000 hr, and thé maximum burn-up fuel reached 40,000 MWDB/T. Up to now,
ne fuel failure, nor tramp fuel has been cbserved.

In order to evaluate sensitivety of the FFD system, study is beeing
proceeded analytically and empirically. According to the preliminary
simulation study, a signal level against one pin failure of 0.5 wmz hole
may exceed the alarm level of the CGM system.
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