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ABSTRACT

The new JRR-3 a 2MWT swimming pool type
research reactor, is made up of plate type LEU
fuel elements with UAlx fuel at 22 gU/cm3-
Reconstruction work for new JR-3 was a good
success, and common operation was started in
November 1990, and 7 cycles 26 days operation
/ cycle) have passed.
We have no experience to use such a high uranium
density fuel element with aluminide fuel. So we
plan to examine the condition of the irradiated
fuel elements with three methods, that is,
measurement of the value of FFD in operation,
observation of external view of the fuels in
refueling work and postirradiAtion examination
after maximum barn-up will be established.
In the results of the first two methods, the
fuel elements of JRR-3 is burned up normally and
have no evidence of failure.

INTRODUCTION

The JRR-3 (Japan Research Reactor No-3 was
reconstructed to be upgraded so that it's high quality
irradiation. conditions and high neutron flux conditions
were ensured 112o3,4. New JRR-3 (JRR-3M) is a light water
moderated pool type research reactor with a thermal power
of 20 MWt. The maximum thermal neutron flux is about 2 x
1014 n/cm2 sec. The core is composed of fuel elements,
control rods, irradiation elements and beryllium
reflectors and surrounded by heavy water tank as
reflector.

The core has 26 standard fuel elements, each with g
U-235 and 6 fuel follower elements, each containing 190g
U-235. Fuel follower elements are for adjusting the
distribution of neutron flux in the core. The fuels are in
use with 20wt% enriched Alx-Al dispersion MTR plate type
with aluminum cladding. Uranium density is approximately
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2.2 g/cm3, and this figure is considered a maximum limit
for the manufacture.

It's utilization includes production of radioisotope
and semiconductor irradiated silicon ), research in
areas such as thermal and cold neutron activation
analysis, reactor fuels and material exposure and neutron
radiography.

Typical operating cycle consists of 4 weeks for
continuous operation and week for refueling and
maintenance. or 6 standard fuels are exchanged in every
operating cycle, and after operating cycles all standard
fuels in the core are exchanged.

After the first criticality on March 22, 91 and 6
months of commissioning tests, JRR-3M started it's
operation on November 91. Total operating time at full
power is about 160 days (75,OOOMWh).

AVAILABILITY EXAMINATION IN NORMAL OPERATING CONDITION

JRR-3M is operated carefully with confirming the
availability of fuel elements, since we have no experience
of using such a fuel element with high density of Uranium.
There are three methods for confirming visual inspection
of fuel elements after refueling work, observation of Fuel
Failured Detection (FFD) system in operation and
postirradiation examinations (PIEs).

Visual inspection of irradiated fuel element

All spent fuel elements were inspected visually after
the refueling work. The result of this inspection showed
that the surface of fuel element cladding seemed to be
oxidized but the coolant channel variability or other
damage was not occurred. It revealed that the fuel had
played its roll in the excellent condition.

Observation of the outputs of FFD system

FFD system in JRR-3

When the fuel element is damaged, it releases fission
products which emit delayed neutron and gamma rays into
the primary coolant. FFD system is provided to measure the
delayed neutron and gamma rays and detect a failure of
fuels. Flow diagram of FFD system is shown in Fig.l.
Delayed neutron and gamma rays are measured respectively
by BF3 counter and NaI scintilator. An ion exchange resin
placed before the NaI scintilator removes ionized fission
products.
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Target species should be selected for efficient
detection. For this reason, a path time from the core
outlet to the detector is determined considering the half-
time of fission products. The path time for delayed
neutron detecting system is about minute and the time
for gamma rays detecting system is about 40 minutes.
Selected species emitting delayed neutrons are Br-87, Br-
88 and I137 and the species emitting gamma rays are Na-
24, Mn-56, Kr-88 and Xe-138.

Back ground species for FFD system are nitrogen in
primary coolant N-17 emits delayed neutron and N16
emits gamma rays and fission products of uranium stuck
on the outer surface of cladding in manufacturing fuel
element Br-87, Br-88 and I137 emit delayed neutron and
Kr-88 and Xe-133 emit gamma rays 
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Primary Cooling System
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L U

Primary Coolant Monitor

Fig.1 Flow Diagram of FFD system

Result of the observation

FFD system is continuously observed while the reactor
is operating. Figure 2 shows the transition of measured
value of FFD system Fig. 2(a) is the graph of around
startup and Fig. 2(b) is of around shutdown. The measured
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Fig.2 (a) Trasition of the value of FFD system at startup

FFD MONITOR(91/08/07-9i/08/10)

100 I

Gamm rays Shutdown
10

Delayed Neutron

0.1

0.01.
7/12/ 0 8/ 8/ 0 9/ / 0 10/ / 0 101201 

Fig.2 (b) Transition of the value of FFD system at shuddown
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value of FFD system increases with the power of reactor
because of the irradiation of back ground species. When
the power becomes steady state, the measured value of FFD
system becomes on a level, too. This reveals that the
failure of fuel elements did not occur in normal operating
condition at maximum power.

After the reactor operation, water in the reactor pool
was sampled and analyzed so as to determine the
radioactive species in the primary coolant. Major
radioactive species in the result of analysis are T-99m
yielded from irradiation of molybdenum in the stainless
steel and Na-24 yielded from aluminum. Stainless steel and
aluminum are the main structural materials of the reactor
and primary circuit.

Postirradiation examination

The standard fuel elements in JRR-3M is planned to be
irradiated for maximum 6 operating cycles. Postirradiation
examinations (PIEs) will be performed using the fuel
element with a maximum burnup. Fuel element for this
purpose is cooling down now and will be examined at the
Hot Laboratory in JAERI from Dec., 1992. Flow chart of
thepostirradiation examination of JRR-3M is shown in
Fig-3.

The first stage of PIEs is the nondestructive
examination. Surface of fuel plates are inspected visually
and the length, thickness and weight of fuel plates are
measured. This examinations are carried out for
investigating the transformation of fuel plates and the
birth of corrosion. And taking X-ray photographs of fuel
plates, the occurence of voids or cracks are examined.
Blister examination is performed to investigate the
combined condition between fuel meat and fuel cladding. In
this examination, irradiated fuel plates will be heated
gradually and the occurence of the blister will be
examined by visual examination and dimension measuring
examination. Released gaseous fission products following
the occurence of the blister will be collected and
quantified.

The second stage is the destructive examination of
fuel plates. Punched specimens of fuel plates are used for
the burnup measurement and the mechanical strength
examination such as a measurement of Young's modulus.

Last stage of PIEs is the microstructural examination.
This stage will investigate the reaction of aluminide
particles and aluminum matrix and measure the thickness of
oxide film of aluminum cladding.

Availability examination in transient operating condition

A trial examination of loss of normal power supply was
carried out so as to confirm the availability of fuels in
transient operating condition. This examination was one of

239



Shipping to Hot Lab

Visual Examination of
Elements

Length and Thickness
Measurement

Removal of Plates

Visual Examination of
Plates

Plate Thickness Measurement

F-X-Ray Photograph

Gamma Scanning

Gamma Ray Spectrum
Measurement

Sectioning of Plates

Blister Examination Burnup Analysis

Str ength Examination

Microstructural Examination

Fig. 3 Flow chart of Postirradiation examination in JR-3M
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the commissioning tests of JR-3M- Observation of the
gamma rays detecting system in FFD system was used for
this confirmation. If the loss of normal power supply is
occurred in the normal operating condition, the reactor
should be automatically shut down and the main pumps of
primary cooling system should be stopped. By the emergency
power supply, however, the auxiliary pumps should be
running to remove the residual heat. A transition of the
measured value of FFD system is shown in Fig.4. The value
is rising for some time after the shutdown, because of the
increasing radioactivity of back ground species and the
lag time of sampling line of FFD system. It is calculated
to take about 40 minutes for the primary coolant through
out the core to reach at the position of gamma rays
detector. Figure 4 shows a descent of graph after about 40
minutes from the shutdown. This means the fuels were not
failed in this transient condition.
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Fig.4 Measured value of FFD system in the examination of
loss of normal power supply

CONCLUSION

JRR-3M is all fueled with low enrichment, UAlx
dispersion fuel and operated smoothly with no trouble
concerned with fuels. The'availability of fuel elements in
normal operating condition was confirmed by observation of
FFD system and visual examination of fuel elements. And
the availability in transient condition was confirmed by
trial loss of normal power supply examination.
Furthermore, postirradiation examination such as blister
examination and microstructural examination are planned to
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be carried out so as to confirm the availability of the
fuels and investigate the effect of irradiation.

REFERENCES

1. N.Ohisi, Y.Futamura, H.Sakurai, "Reconstruction Program
of Japan Research Reactor-3(JRR-3)", in Proceedings of the
Int. Sympo. on the Utilization of Multi-Purpose Research
Reactors and Related Int. Co-Operation, Grenoble, France,
Oct. 19-23, 1987

2. N.Onishi, M.Issiki, H.Takahashi, M.Takayanagi, "Safety
Design Concept and Analysis for the Upgraded JRR-3" in
the proceedings of the Int. Sympo. on Research Reactor
Safety, Operation and Modifications, Chalk River, Canada,
Oct. 23-27, 1989

3. H.Ichikawa, M.Takayanagi, M.Watanabe� N.Onishi,
M.Kawasaki, "Commissioning Test of Low Enriched Alx Fuel
Core on Upgraded JRR-3", in Proceedings of the Int. RERTR
Meeting, Newport, USA, Sept. 23-27, 1990

4. N.Onishi, H.Takahashi, M.Takayanagi, H.Ichikawa,
"Reactor Design Concept and Commissioning Test Program of
the Upgraded JRR-3", in the proceedings of the American
Nuclear Society International Topical Meeting, The Safety,
Status and Future of Non-Commercial Reactors and
Irradiation Facilities, Boise, USA, Sept. 31 - Oct. 4,
1990

242


