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The four research reactors, JRR-1, JRR-2, JRR-3 and JRR-4, have been pro-
vided at.Tokai Research Establishment, JAERIL, JRR~1 had ceased to operate

. 1
since October 1968, due to superannuation of the reactor instruments and faci-

lities. 'JRR-2 have been operated for about 13 years, JRR-3 for 11 years and

JRR-4 for 8 years since their first critical tests.

Maintenance works have been performed on the reactors in order to keep them

in a good operating condition, including pre-operational ¢heck, periodical inspe-

ction and maintenance works required by incidents.

Several troubles on reactor instruments and facilities have been experienced,

and their repairs and modifications have been performed. This paper describes

some principal troubles, repair works and modifications which have occurred and have

been performed on JRR-2, JRR-3 and JRR-4.

Two large modification programmes are now going on JRR-2 and JRR-3. It

was expected that after completion of these programmes, they should be operated

more stably and be used more effectively.

* Prepared for the South East Asia and Far-East Regionél Study Group Meeting
on Problems and Experience in the utilization of Research Reactors at

Bhabha Atomic Research Centre, Bombay, India. in March 1973,
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I. INTRODUCTION

The four research reactors, JRR-1, JRR-Z, JRR-3 and JRR-4, have been
provided at Tokai Research Establishment, Japan Atomic Energy Research Imstitute
(JAERI). JRR-1 was a homogeneous type reactor of 50 KW in thérmal power and its
fuel was 20% enriched uranium dissolved in the light water as uranyl sulfate,

U0, so JRR-2 is a high enriched (90%) uranium heavy water moderated, cooled

27747
and reflected tank type reactor with the thermal output of 10 MW and its fuels
are MIR type curved plates alloyed with aluminum. JRR-3 is a natural uranium
heavy water moderated and cooled tank type reactor with the thermal ocutput of
10 MW and its fuels are natural metalic uranium rods cladded with aluminum.

JRR-3 was made by Japanese staffs only in order to get the overall experiences

of reactor design, construction and operation. Tt is so called the first Japan-
made reactor. JRR-4 is a forced coolant swimming pool type reactor with movable
core tank having two pools. Its thermal power is 2.5 MW with high enriched (90%)
uranium ETR type fuels. Table 1 shows the outline of these reactors.

JRR-1 had ceased to operate since October 1968 and the fuel solution was
drawn out of the core in December 1969. At the present time, it has been moth-
balled as a monument of the first reactor in Japan. The main reasons of the
ceasing are as follows;l)

1. Many instruments and facilities attached to the reactor became super-
annuated and many troubles had occurred at short intervals. Therefore,
maintenance works became very hard. Especially, the languishment of the
gas recombiner was *oo serious for repairing.

9. Tt became difficult to carry out the routine operation of the reactor,
becausé of the superannuation of the instruments and the faciiities.

3. It is not so economic to operate JRR-1 in succession. Because the
expense for the operation and maintenance of superannuated reactor is
very high.

4. - All experiments, irradiations and trainings which were carried out on

JRR-1 could be transferred to JRR-2, JRR-3 and JRR-4. Tt was considered

—1 -
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that the ceasing of the operation was reasonable.

IT. OPERATION

Nowadays the continuous operations at 10 MW are carried oﬁt for JRR-2 and
JRR-3. Each operation cyele is 3 weeks, respectively. It is composed of 13 days
continuous operation and 8 days shut down. The operation schedules of these
reactors are slided each other. Because either of these reactors have to be
operated during almost a year. In the shut down periods, we have irradiated
sample handling, refuelling and minor repairing for the subjects which have been
out of order in the previous operaticn period. We have periodical inspections
twice a year for about 6 weeks. JRR-4 is normally operated at 2.5 MW for about
7 hours on evefy Tuesday through Friday. On occasion, it is operated for special
experiments or irradiations which need special power levels or operation pro-
cedures. Two times a year, JRR-4 is operated for 9 weeks to carry out various
reactor experiments and to practise Teactor operations which are.performed by
trainees of the Nuclear Engineering School at JAERI. Table 2 shows the operation
and the maintenance schedule in 1971.

Tables 3, 4 and 5 show the operation history of these reactors. JRR-2 went
critical in October 1960. After that, we performed many kinds of exﬁeriments
at various powers. And from the end of 1963, the routine operation of this
reactor was started at 5 MW and from April 1965, it was operated at 10 MW.

A operation time was about 130 hours in the beginning and after that, being
increased gradually to 180, 200 and 288 hours.

JRR-3 went critical in September 1962. About one year and a half followed
by the critical date was utilized for many kinas of experiments of the reactor
characteris;ics, measurements of the control rod worth, mass reactivity coeffi-
cient, temperature coefficiemt, neutron flux, etc., power up test and functioning
tests at full power. In April 1965, the routine operation was started at 10 MW.
The operation time wag about 88 hours in the beginning and after that, it was

increasing gradually to 100, 130, 240 and 288 hours.

-2 —
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JRR-4 went critical in January 1965. After that, the measurements of the
control rod worth, mass reactivity coefficient, void coefficient, temperature
coefficient and neutron flux, power up test and functioning tests at 1 MW and
7.5 MW were performed by the end of March 1966. . In Octover 1965, the operation

for experiments was started and has been continued up to date.

III. MAINTENANCE

The maintenance works on our reactor can be classified as follows;

1. Pre-operational check.

9. Periodical inspection and maintenance.

3. Maintenance works required by incidents.

The pre-—operational check is an inspection to make sure all instruments and
facilities to be functioning properly in accordance with the pre-operational check
list. The check is conducted just before the reactor start up and therefore, it
is not a pure maintenance work. However, relatively large number of troubles has
been found at the chéck and most of these troubles were fixed immediately.

The maintenance work called here by "periodical inspection' is divided into
two kinds of inspections. One is named "Over-haul' and the other is named
Mcovermental inspection'. The former is the inspection which is performed twi;e
a year for about 6 weeks by JAERI's responsibility. The latter is the inspection
which is performed in the presence of govermental inspectors once a year in accord-
ance with the law.

As for the inspection, detailed inspections, tests on functions and character-
igtics of almost all instruments and of mechanical facilities of a reactor are
conducted in accordance with manuals of the inspection. Instruments and facili-
ties for the inspection include those 'on the control console, rod drive mechanism,
cooling system, utilization facilities and so on. Tables 7 and 8 show the main-
items of maintenance works in the periodical inspection.

When relatively minhor troubles happened during a operation period, they were

repaired while the reactor being operated or in a shut down period of the mext

- 3 -
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operation cycle., Major troubles which happen accidentally during a operation
period are not so many experienced and therefore, the maintenance works for this
kind of troubles are relatively less.

It is an important problem that who will be responsible for'maintenance and
who will maintain the reactor actually. In the case of our reactors, operators
are also responsible for maintenance and all waintenance works are conducted by
the operators.

In Table 9, the number of troubles on JRR-3 is tabulated.

IV. TROUBLES EXPERIENCED

We have experienced with many troubles on our reactors which occurred acci-
dentally and gradually in a long time.  We describe briefly outlines, causes
and countermeasures of some principal troubles in JRR-2, JRR-3 and JRR-4 as
follows;z)

1, Troubles on JRR~2
1.1 Repairing of piping

In July 1964, the piping of exhaust air system in the core cracked because
of poor welding. Consequently helium gas leaked into the air system. The feactor
was shut down for about 3 months for its repair.

1.2. Repairing of support-ring {1)

The heavy water leakage occurred in July 1965 because of the mechanical
damage of the aluminum packing which is used for sealing between the core tank .
and 'its support-ring. The reactor was shut down for about 6 months (from July
to December 1965). Adhesive resin was used. temporarily to. prevent leakage of
heavy water into the thermal shield tank. -

1.3. Breakage of U-tubes in main heat exchangers

We had two main heat exchangers in the heavy water cooling system and their

U-tubes were made of aluminum. - In July 1967, the two U-tubes in the heat ex-

changer were damaged due to fretting corrosion. The faulty U-tubes were tempora-

rily stopped up with aluminum plugs and adhesive resin. The reactor was shut
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down for about 2 weeks. This damage of the U-tubes was found out as a result
of increasing of radio-activity in the secondary coolant. In August 1970, these

heat exchangers were replaced by new ones which were made of stainless steel.

1.4. Repairing of support-ring (II)

Heavy water began to leak again into the thermal shield tank in March 1966.
At this time, heavy water leaked from the -inner gide of the core tank's support-
ring. Then, as a témporafy repair, the bolts on the inner side were fastened
with and adhesive resin was packed, Furthermore, a seal-plate was additionally
welded between the outer side of the core tark's support-ring and the reartor
cqntainment to stop completely the heavy water leakage, becazuse the adhesive resin
which was packed on the outer side of the support-ring in 1965 found to be damaged
with radiation. & seal-plate was not able to be welded between the inner side
of the support-ring and the core tank, because of high radiation dose rate on

the welding position. The repair wor~ was performed between July 1968 and

January 1969.

1.5. Repair works of lower plug

Two piugs (lower and upper) are used on the core‘tank as the upper shielding.
Rectangular aluminum tubes which were used for fuel handling through the lower
plug were warped inward, so that they inferfered with movement of the fuel plugs.
All the 24 tubes were replaced with new ones between July 1968 and January 1969.
The cause of this deformation was considered to be due to corrosion of aluminum
tubes. Two yeérs after the repair, corrosion pores on the inside surface of some
rectangular tubés were found out. These corrosion pores were packed with adhesive
resin as a temporary repair in January 1972. This lower plug will be replace

by new one in near future.
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2. Troubles on JRR-3
2.1. Fuel failures

From April 1968 to January 1969, fuel failures had occurred at seven times
at burn up of about 300 MWD/T. Two of them had significant failed portions and
some amount of corroded uranium oxide was released into the heavy water cooling
system. Trherefore, it became difficult to detect a fuel failure because of
increasing of back ground levels on the Failed Fuel Detector system (FFD). It
took about, one year to purify the heavy water and to make the FFD sysrem work
normally, The uranium oxide which was released into the heavy water system wa$
able to be eliminated by using of earthenware filters.

The mechanism of the failure seems that wrinkling grown by irradiation pushed

up and splitted the aluminum cladding from inside and heavy water permeated
through small cracks and corroded gradually the uranium metal rod.
2.2. Rupture of canned motor's can { DP-1 )

We have two main pumps canned ﬁotor type in the heavy water cooling system.
In August 1970, one of them (DP-1) had been stopped by the action of no fuse
circuit breaker and thermal relay. The insulation between the stator coils and
pump body was deteriorated. It seemed that heavy water leaked intc the stator
can.

As the result of disassembling it, the stator can was scratched with the
rotor can. The cause, we believed, is abrasion of radial bearings of the canned
motor pump and vibrations during its rotation. As it would take about a half
year to remanufacture a motor part.of the pump, we had to operate the reactor at
7 MW till we had finished to replace it, It was replaced in June 1971,

2.3. Leakage of carbon dioxide gas into heavy water and helium gas system

In January 1971, we noticed that the carbon dioxide gas which was used as
coolant in the radio-isotope production system leaked into the heavy'water and
helium gas system. The electrical conductivity of heavy water was increasing
little by little from 0.6 umho/cm to 2 umho/cm and its pH was reducing from 7 to

5.5. As the result of inquiry of the cause, a sheet packing (made of neoprene

_6_
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rubber) of vertical irradiation hole was weakened. It took about two months to

find out the cause and repair it.

2.4, Heavy water leakage
Treatment of heavy water is very important for a heavy water reactor because
of heavy water cost, tritium hazard and the reactivity decrease. The electrical

conductivity of heavy water is measured continuously and its pH and concentration

are measured once a day during operation periods. We have about 100 heavy water

leakage detgctors on the heavy water cooling system.

Many troubles of heavy water leakage havé been experienced with ﬁur reactors.
Some of these troubles are tabulated in Table 6. We should pay attention not to
leak heavy water while maintaining instruments or facilities of the heavy water
cooling system. Because most of all troubles of large heavy water leakage have
been experienced while maintaining instruments oT facilities of the cooling system.
2.5. TIncreasing the radiation dose rate in the pump room

Recently the radiation dose rate in the pump room has been. gradually increas-
ing. The level came up to 1 R/hr or more on the su;face of heavy water coolant
pipes. The cause seems due to 6000 which is heaped up on the inside surface.of
coolant pipes. Because some parts of the heavy water pumps are made of cobalt
alloy (e.g. impeller rings, bearings, etc.). Any materials with some elements
which have long half lives like cobalt should not be used in the pfimary cooling
system. We intend to change the matefials of these parts to the other omes which
do not include such é&lements. At the present time, we are planning tc remove
60Co from the coolant pipes. But it 1s very difficult. Because the pipes on
which 6OCo heaped up are too intricate to remove them.
3. Troubles on JRR-4
3,1. Contamination of reactor water

The reactor water on JRR-4 is purified by demineralizer and the limitted
values of the conductivity and pH are fixed at 10 ymho/em and from 5.5 to 7.0
respectively. However, the actual value of the conductivity is about 0.5 umho/cm.

In the early few years, main radic-active nuclides detected in the reactor water

-7 —
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24 27 18 41 . -
were = Na, Mg, Frand “Ar, and their concentrations were less than 10 3 uci/

ml. The reactor water are frequently drained and supplied about half amount of

total volume in order to set or remove experimental facilities or materials.

Usually, the reactor water will be drained about two days after the reactor is
24 ‘ . .

shut down. Because twe days are sc encugh that ~ Na and other radio-active

nuclides in the water decrease to the level of permissible concentration.

140 140 95, 95

Ba - La, Zr -~ Nb and'l37

Cs had been detected in the water in 1969

when a failed fuel element was found out in the core. The pcool wall and the core

tank were contaminated up to about 3 x 10_5 uCi/cmz, and main nue¢lides were 952r
95 . 51. . 60 ' . :

- ""Nb, Cr and Co. They had adhered to the walls with a slight amount of

machine oil, For keeping the reactor less contaminated, whole of the reactor

water drained and then the reactor water was purified by demineralizer and the
Qall and bottoﬁ of the pool were cleaned by brushing with "Synthetic Detergent"
dissolved in pure water mainly included "Sodium-Dodecyl Benzen Sulfonate". After
that, those.surface were washed with pure water. However, the core tank was not
able tﬁ be cleaned becéuse of its high activity.

Recéntly, thé core tank, pool wall and bottom were contaminated again. Iﬁ
this case, the active nuclides were 51Cr and 60Co only. Tt seems to be quite
sure to consider that.these nuclides are recoiled atoms from stainless steel in
the core and stellite pértiéles which are desclved from pumps, valves, etc. in
the primary coolant system to the water. We are planning the countermeasures to
exclude these nuclides.

As other troubles of water cpntamination, we have a trouble of transparency
of the water. In JRR-4, only demineralyzer is uéed for the purification of
supplied water. Micro-organisms in the supplied water are able to pass through
the demineralyzer. They make the transparency of the wéter decrease. However
the no other bad effects to the reacto? is recognized. It seems that this trouble
occurs especially in the summer season because.of suitably high temperature of
the water. So we have to take cafe of the water condition and discgntinue the

reactor water during summer. Now we have scme plans te modify the supply water

— B —
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line for avoiding this trouble as foellows;
1) Change the supply water to the sterilized water.
2) Add some mechanical filters after the demjneralyzer line in order to
take off micro-organisms.
3.2. Shim (control) plate vibration
Before the power up test, we had experienced a fluctuation of nuclear instru-
ments when  the reactor was critical at low power with normal flew in the primary
coolant. Linear power meter fluctuated in s 8 % of the indicated power, and
period meter reached to 7 sec. As the result of investigating the cause; the
following facts. became clear;
1) Shim plates were vibrated by primary coolant flow. Because they were
5 mm in thickness and were moving in 11 mm gaps in the core in order
not to make them stick.
2) Mechanical vibration of the shim plates made the reactor power fluctuate.
So, the fluctuation of the nuclear instruﬁents occurred as the result of
the fluctuation of the reactor power.

Then we added stainless steel rollers with 10 mm diameter to the shim plates
for decreasing mechanical vibration as well as avoiding rod stick and added
stainless steel support plates for decreasing of their bending. As the result
of this modification, movable gaps of shim plates decreased to 1 mm, the period
meter noise became longer than 100 sec and the fluctuation of the linear power
meter also became less than ¥ 3 %

3.3. Surveying of fuel cladding corrosion

ETR type fuel elements are used in JRR-4., Over half amount of fuel elements
has been located in the core for about eight years, because of their low burn-up
(about 2 % burn-up per year). A fewer information is obtained that how many years
the fuel element can be located in the core against the corrosion of aluminum
cladding. In 1969, we found out a ruptured fuel element and performed destructive
inspections of this element. As the result of this investigation, tbe following

facts were recognized; .
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1) Over half alodized cover as a protection agaimst corrosion on the fuel
plate surface had lost.
2) Thickness of cladding was in permissible dimension.
From the fact described above, we might conclude that the.fuels would be able
to be used more several years. And no fuel failure has been found out after that
time, However, we will carry out the destructive inspection of the fuel again

in near future in order to get some information about lifetime of the fuels in core.

V. IMPROVEMENTS AND MODIFICATIOQONS

It is one of the purposes for us to construct our reactors in order to get

the over—all experiences in reactor design, fabrication and installation,

Therefore, we have performed many improvements and modifications of instruments
and facilities on our reactor to operate more stably, continuously and effectively
as well as to get these experiences. As examples of these improvements and modi-
fications, we describe the modification programme on JRR-2 and the programme to
change natural metalic uranium fuels to natural and slightly enriched uranium
oxide fuels on JRR-3,

1. Modification programme on JRR-2 3

1.1. General

JRR~2 has been in operatipn continuously for eight years for utilization
service, as described in preceding section. Some of modifications for the reactor
facility including control system modularization, main pumps, main heat exchangers,
fuel elements, cooling tower and the other necessary repairments were already
carried out in consequence of the operation experiences.

However, heavy water leakage, lower plug corrosion and control rod trouble
were remained. Now a modification programme for these problems is planning at
JAERI.

When forming the plan, it is regarded that both the experience in the past

and the utilization in the future must be incorporated with.
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Therefore, we have performed many improvements and modifications of instruments
and facilities on our reactor to operate more stably, continuously and effectively
as well as to get these experiences. As examples of these improvements and modi-
fications, we describe the modification programme on JRR-2 and the programme to
change natural metalic uranium fuels to matural and slightly enriched uranium
oxide fuels omn JRR-3,
1. Modification programme on JRR-2 2
1.1. General

JRR-2 has been in cperation continuously for eight years for utilization
service, as described in preceding.section. Some of modifications for the reactor
facility including control system modularization, main pumps, main heat exchangers,
fuel elements, cooling tower and the other necessary repairments were already
carried out in consequence of the operation experiences.

However, heavy water leakage, lower plug corrosion and control rod trouble
were remained. Now a modification programme for these problems is planning at
JAERI.

When forming the plan, it is regarded that both the experience in the past

and the utilization in the future must be incorporated with.
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JRR-2 had many difficulties to be improved or modified. When several cor-
rosion pores were found on the surface of the lower shield plug in February 1972
and when complete repairment for those were found impossible, a modification
programme was planned., A study group was set up for the modification plan
studying the shielding structure and the control rod mechanism. Among discussions
at the group, attentions were paid (1) to stop the heavy water leakage (2} to
keep away the shield plug from corrosion (3) to improve the control rod drive
mechanism (4) to provide room for in cors facilities enough.

A draft of the modification of the top shield was designed atcording to a
report submitted by the group and it was accomplished up to December 1972. JRR-2
will be modified as shown in Fig. 1. Main subjects of the modification are as
follows;

1) The lower shield plug will be divided into an annulus plug and a central

plug.

2) Rotary type plug in the upper shield plug will be changed to fixed one.

3) Circular fuel guide tubes will be adopted instead of rectangular ones.

4) Two seal plates will be welded each on the heavy water tank flange and

reactor containment.

5) Control rods will be driven with ball-nut instead of rack-pinion and

their drive shafts will be removed to the reactor top.

6) Top shield disk will be installed newly.

1.2, The upper shield plug modificaticn

Shielding effect on several kinds of shielding materials, such as surpentine
and barite rock, iron, lead and combination of these are surveved for fhe shielding
plugs. After preliminary study, it.is concluded that the shielding plug should
be made with barite concrete similar.to the existing shield plugf

Circglar guide tubes instead of rectangular cnes will be adopted to avoid
deformation accompanied with corrosion products. Tt is expected also that
circular tubes can be welded better. These tubes will have inner diameter of

110 mm¢ teo inmsert the existing B type fuels and new ones.
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An annulus plug will be placed on the support ring. This plug have Functions
to reduce the radiation emitted from the core. The lower shielding plug will
be inserted into the lower annuius plug on the support ring, providing 24 fuel
element access holes, 7 vertical thimbles, 6 control rod access holes and 3 new
vertical thimble holes. Shielding materials used in the plug are dense concrete,

lead and boral plate.

The standing.séal, cloself ingerted between thesé plugs, will be welded at
“he lower edge to the heavy water tank flange and at the upper to the inner flange
of the lower annulus. As the outer flange of thlS plug will be welﬁed to the
reactor containment with thin aluminum plate, the support ring w1ll be isolated
from helium gas and heavy water. -

Both a top shielding disk and a rotary shutter will be set on the exisfiﬁg
reéctor top. The contrel rod héfizontal drive shaft and its drivé mechénism
will be set in that disk. The rotary shutter has 4 fuel handling holes and one
control rod hole like the existing rotary plug to reduce radiation emitted from
the gap between each fuel plug and its thimble. The existing rotarf ﬁlug wiil
be repiaced to fixea one, that provides 24 fuel holes, 6 contreol rod holes and
3 new verticai thimbles. The shutter, about 200 cm in diameter, will be rotated
by electrical motor adjusting the positioﬁ‘to each fuel and control rod hole.

A guide tube array will be welded to the bottom of the lowef shielding plug,
in order to keep helium gas in the core on refuelling. Therefore, fuel handling
works will be done without the helium gas purgé and it will be useful to decrease
heavy water loss and té-kéep the ﬁeavy water concentration high.

1.3. Control rod modification |

For years, the control rod drive system used in JRR-Z has been experienced
various mechanical and eleétfical troubles. Even 1if contrel rod assembliés were
required repairments, it would be inaccessiﬁle to.approach vertical agsembly
because of the high activity. The modified controi rod drive system will have

two features which help to solve the problem mentioned above. First, the new
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system will incorporate electrical wire without using naked connector to leadout.
Second, the system will incorpotrate the ball-nut mechanical parts and provisions
for its removal without withdrawing the control element from the core.

The control rod assembly will be housed in an outer aluminum tube with a
shield block penetrated by ball screw and with a support flange at the middle.
The modified drive package, drive shaft and electrical cable will be placed in
the top shielding disk. The control element, the meutron absorber, made of
cadmium and stainless steel, will be identical as before.

Major differences between twe system are drive section consigting of magnet

and ball-nut screw instead of rack-pinion, and the location of drive motor on the
reactor face instead of the reactor wall. Lifting will be dome by a screw assembly
with the ball-nut mounted on the top of magnet. The motor drive package consists

of limit switches, position readout and rod seat switch.

1.4, Scope
As mentioned above, JRR-2 modification will be carried out during 6 months
in 1973 including alsc the period to cool down radio-activity from the core and
the test operation period to check off the reactor for resumption of normal
operation.
2, UO2 fuel programme on JRR-3
The main purposes of this programme are as follows;
1) To secure the more stable operation by using UO2 fuels which have no
;hemical reaction with heavy water.
2) To increase neutron flux.
3) To increase the burn-up of fuels and the operation efficiency by using
slightly enriched uranium.
We began to change our fuels to UO2 fuels from January 1972.. We will need
about two years from beginning to finishing. The outline of this programme is

to change out fuels to UO, fuels and to add three safety rods. Table 10 shows

2
the nuclear data in each step which is performed on JRR-3. The programme for

measurements of the characteristics in each step is shown in Table 11. The
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outline of UO2 fuel asgembly is shown as follows;
Enrichment : 1.5%(184%), ©Natural (59%)
Fuel type : Cluster with aluminum shroud tube, 4 segments
( 10.83 mm¢ x 2100 mmL )

UO2 pellet ( 10.71 mm¢ x 15.0 mmL )

Cladding with Zry-2
see Figure 2

* : The numbers enclosed by parentheses represent the numbers of fuel

assemblied in the core

If we will finish this programme, the neutron flux will increase approxi-

mately double and the reactor will be used more effectively,

VI CONCTUSION

Our research reactors have been operated in a long time since their first
critical.

Many kinds of troubles on reactor instruments and facilities have been experi-
anced. However, no major troubles which proved fatal to the reactor opera-
tion have happily occurred.

The philosophy of a reacter's maintenance may be different from one reactor
to the other, depending upon the purpose of construction. For example, the
philosophy for & test reactor which can te considered to be & facility té develop
a new type of a reactor or to test the reactor itself may be much different from
that for a research reactor which is a2 neutron source for varicus experiments so
that fairly steady operation is regquired. However, improvements of reactor
instruments and facilities are useful for getiing experiences to design and con-
struct a new research reactor as well as Ior more siable cperation and more eff-
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outline of UQ, fuel assembly is shown as follows;

2
Enrichment : 1.5%{184%), Natural (59%)

Fuel type : Cluster with aluminum shroud tube, 4 segments

( 10.83 mmd x 2100 mmL )

UO2 pellet ( 10.71 mm¢ x 15.0 mmL )

Cladding with Zry-2
see Figure 2

* : The numbers enclosed by parentheses represent the numbers of fuel

assemblied in the core

If we will finish this programme, the neutron flux will increase approxi~

mately double and the reactor will be used more effectively.

VI CONCTUSTON

Our research reactors have been operated in a long time since their first
critical.

Many kinds of troubles on reactor instruments and facilities have been experi-
anced. However, no major troubles which proved fatal to the reactor opera-
tion have happily occurred.

The pbilosophy,of a reactor's maintenance may be different from one reactor
to the other, depending upon the purpose of construction. For example, the
philosophy for a test reactor which can e considered to be & facility td develop
& new type of a reactor or to test the reactor itself may be much different from
that for a research reactor which iz a neutron scurce for various experiments so
that fairly steady operation is reguired. However, improvements of reactor
instruments and facilities are useful for getting experiences te design and con-
struct a new research reactor as well as Tor more stable operation and more eff-

— 14 —




JAERI-M 5415

ective utilization of the resaclior. Then, many kinds of minor improvements and
modifications have been performed as far as they are desirable and useful for
operation and utilization of the reactor.

Any way, %he philoéophy of maintensnce must be established at first,
Forcusing the discussion to a research reactor, the philosophy wust be established
considering the following things.

1. Required condition of operation.

Pirst of all, & standard condition of the reactor must be selected.

Then, in practical waintenance works, efforts must be made to keep the stan-

dard condition as steady as possible. On our research reactors, the standard

conditions were selected to pe those at hign power test operation after
the functional test and low power experiments. of course, these standard
conditions may be revised with operational experiences.

2. Future plans on the use of the reactor.

According te the future plans on the use of the reactor, rgugh period
through which the reactor must be maintaired in a standard condition must
be evaluated and at the same time, a certain limit on the improvement of
the reactor must be set up, because improvemenfs usually require mere mMOney

than maintenance and the effect of improvement must be always evaluated in

comparison with the money apent for. Thug, all maintenance works should
be conducted considering these future plans. OQur resctors plan to be ope~-
rated for more than 20 years. Then, as menticned above, many kinds of

minor improvements and modifications of reactor instruments and facilities
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have been performed as far as they proved desirable and useful.
3. People to maintain the reactor

4s mentioned above, it must be examined sufficiently that who will be
responsible for maintenance and who will maintain the reactor actually.
In the case of our reactors, cperators are responsible for maintenance and
all maintenance works are conducted by the operszstors.
As mentioned above, twc major modification programmes are being performed.

One is the top shield modification programme on JRR-2 end the other is the pro-

gramme o change the fuels to U02 fuels on JRR-3. After performing these

programmes, these reactors will be operated and used more stablly end effectively.
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Table 3 BEISTORY OF CPERATION AND MAINTENANCE ON JRR-2

10 MW, 288 Hr (12 eyeles)

Date Reactor operation Repair, Modification, ete.
Apr. 1958-Dec. 1559 Remctor construction
_ -Sep. 1960 Performance tests
1960 _ .
A ‘ Oct. Critical experiments
; | (207 enriched uranium fuel)
: V : :
; !
1111 3 M4 eny kinds of
q .
| reactor experiments| Apr. Modification of fuel element
1962 v and Test operation (207 enriched uranium fuel —s 907%)
7 10 MW
0
1963 |y May. Replacement of pumps (spare)
1
L
1964 5 MW, 130 Hr (16 cycles) Jul;'Piping'failure of irradiated air
19 ' exhaust system in core '
] \
1965 i 8 i, 130 dr (2 cyeles) Jul. Support-ring packing damage
- Sep. Replacement of pumps - (Spare)
1966 10 MW, 130 Br (30 cycles)
Dec. Damage of fuel handling-plug
v Apr. Replacement of main pumps (spare)
1967 \ : Jul. U-tube failure of heat exchanger
10 MW, 180 Hr (13 cycles)
1968 7 _ Jul. 1) Repair of lower plug
T 10 MW, 200 Hr (8 cycles) 2) Weldment of support-ring
! %) Modificetion of control panel
| " board
1 T
1969 1 . 4) Replacement of main pumps (Spare)
: . Rep nt of main pum Spare
f 10 ¥W, 288 Er (7 eycles) Jul. Replaceme _ pumps P }
ry Jan., Modification of fuel elenment
Jul. Replacement of heat exchangers and
10 MW, 288 Hr (13 cycles) pumps (Spare)
3 Jul. 1) keplacement of main pumps (spare)
1971 . 2} Changing of auxiliary”pump
10 MW, 288 Hr (13 cycles) (mechsnical seal — canned motor)
H Mar. Repair of lower plug
1972 Aug. Changing of main pumps

(mechenical seal —— canned motor)

e S
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HISTORY OF OPERATION AND MAINTENANCE ON JRR-3

Date Reactor operation Hepair, Modificetion, etec.
Jan. 1559 Comencement of reactor construction
1962 Pre-critical tests
Sep. 1962 Critical experiments
1963 - 1964 Performance tests
T 10 MW, 68 Er Jan. Government's licence for performance
10 MW, 88 Hr exanination of 10 MW operation.
1965
10 MW, 88 Hr (6 cycles)
10 ¥W, 100 Hr (5 cycles)
, 10 MW, 130 Hr (5 cycles) Feb. Modification of ion exchange column.
1966 10 MW, 130 Hr (15 cycles)
X Jan, Instellztion of heavy water conden-
1967 cer in helium gas systen.
10 MW, 240 Hr {13 cycles) Aug. Modification of ion exchange column.
X Jan. Breakage of secondary coolant pipe,
Apr, Fuel failure (No. 1)
1968 10 HW, 240 Hr { 7 cycles) Oct. Fuel failure (No. 2 - No. 5)
10 MW, 288 Hr { 5 cycles) Nov. Fuel failure (lio. 6)
% Jen. Fuel failure (No. 7)
! Apr, - Mar, '70 Purification of heavy
1969 ! dalt of reactor cperation water system and maintenance
1 of F.F.D. systenm.
! Nov. Trouble on the auxiliary pump(DP-3)
i
_% 10 MW, 240 Hr (1 cycle )
1970 10 MW, 288 Hr ( 6 cycles) .
Aug. Rapt f d t a({DP=1) can
7 MW, 288 Hr ( 7 cyoles) ug. Rapture of canned motor's( )
Jan. CO0- gas leekage into He gas systen
1971 7 MW, 80 Hr { 1 cycle )
7 MW, 140 lir ( 1 cycle ) May. Replscement of canned motor pump,
10 MW, 288 Hr ( 9 cycles) DP-1,
] Jan. Change 61 metalic fuels to UO,
fuels { STEP I )_
Jun, Change 57 metalic fuels tc U02
1972 fuels ( STEP II )

Aug.- Nov. Putting out a testing fuel
which was dropped into the core
while refueling
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HISTORY OF OPERATION AND MAINTENANCE ON JRR-4

Date

Reactor operation

Repaif, Modification, etc.

Apr. 1962-Dec. 1964 : Reactor construction
1965 | Sum power : 10MWD Feb.~Mar. : Critical experiment and zero-
power éxperiments
( standard core : 16 fuels )
Apr.,May. : Shim control plate modification
1966 | Operation : 127 days Aug. : Repair core tank leg and He-filter
Sum power : 30 MWD
1967 | Operation : 137 days
Sum power : 41 MWD
‘1968 | Operation : 123 days Jan.: Add reflector elements to thermal-
Sum power : 30 MWD column site in core
: Jun.: Replacement of Shim-plates.
Add two fuel element ( 18 fuels
standard core )
Stand two irradiationm pipes in core
Modification of thermal-column and
Lid-tank
1969 | Operation : 157 days Jan.: Modification of control desk for
Sum power : 35 MWD reactor school
Modification of core tank for transfer
activated materials from core to pool
Jun.: Findout a failed fuel element
Modification of LogN-Period detector
case
Nov.: Cleaning of pool
1970 | Operation : 171 days Teb.: Mount a filter in primary collant
Sum power : 45 MWD line
1971 | Operation : 167 days Apr. and Jul.: Shim-plate stick by swelling
Sum power : 59 MWD of reflector cladding
Jug.: Add two fuel elements ( 20 fuels
standard core )
Modification of other core elements
1972 Jun.: Fire of under roof in reactor room
Aug.: Decrease of pool water tramsparency
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Table 7  NAIN ITEMS OF PERIODICAL INSPECTION. ( Governnental inspection)

fhis inspection is performed in the presence of the government's inspector.

tieasurement of many kinds of saturation values during the reactor operation

at nominal power ( 10 MW ).

a. Temperature of heavy water, light water, secondary coolant, carbon
dioxide gas, etc.

b. Radiation dose rate in reactor room.

c. Ac%ivity monitor of dust and air at the stack.

Functional tests of heavy water dump, emergency instruments and safety valves.

Functional test of control rod drive mechanism. |

Functionsl tests of interlock, scram, reverse and alarm.

Calibration of control rod reactivity worth.

Measurement of excess reactivity.

Cheeck of fresh and spent fuel storage and waste disposal facilities.
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Table 8 MAIN ITEMS OF PERIODICAL INSPECTION. { Over-haul )

This inspection is performed by our responsibility.

II.

III.

Iv.

Instruments and facilities of cooling systems

( Heavy water system, Helium gas system, Thermal shield cooling system,
Carvon dioxide gas in reflector system, Hadio-isotope production facility
cooling system, FEmergency cooling system, Secondary cooling system, Waste
water system, etc. )

Inspection on electrical facilities.

a. Insulation check of electrical facilities.

b. lMeasurement of motor wire's resistance.

¢. Check and cleaning of contact points of operating switches on pumps,
blowers, etc.

d. Check of announciator lamps.

e. -Calibration of volt-meter, ampere-meter, ete.

f. Working test of inter-lock and alarms.

Inspection on mechanics.

8. Measurement of pumps' and blowers' characteristices.
b. Overhaul of pumps, blowers and other facilities,
c. runctional test of emergency system and safety wvalves,

Qthers.

a. Cleaning of heat exchangers.
b, 0il and #rease supply on pumps, blowers, valves and other facilities
¢. Vibration measurement of instruments and fzcilities on ceooling systems.

Measuring instruments in cooling systems.

a. Calibration of thermometer, flow-meter, pressure-meter, level-meter, etc.

b. Overnaul of recorders.
¢. PFunctional test of alarm, reverse and scram of these instruments,

Neutron flux measurement and control system.

a. Calibration of Log W and pericd channel, power channel, safety channel,
automatic control channel and galvanometer channel.

b. Functional test of interlock, alarm, reverse and scram on these instruments

¢. Overhaul and functional test of contrel rod drive mechanism.
d. Insulation check of these instrurents.

Other instruments.

( #Zlectronic instruments of F.F.D. system. Activity monitor in heavy water,
carbon dioxide gas, helium gas, light water and secondary coclant, Measu-
ring instrument of differentizl temperature between inlet and outlet coo-
lant of a fusl assembly.  Other instruments, )

a. Insuletion check of these instruments.
b. Calibration of these instruments.
¢. Functional test of alsrms.
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Table 9 NUMBER OF TROUBLES IN JRR-3

!
l \ I 1968 1969 1970 1971
i |
! | P A 1 0 5 2
|
i Cooling system 1 B 3 0 0 2
I C 23 12 16 4
! 1 T 27 12 21 8
L 4 :
i
A 0 1 0
Instruments of % B | 0
water-gas measurement c 30 19 24 13
T 31 19 27 i3
Instruments of A 1 2
neutron flux B > 2
C 29 ) 24 21
measurement and control
T 40 10 27 25
A 4 0 0
* F,T. and ** F.F.D. B 2 0
C 31 9 21 16
T 37 9 27 16
A 12 1 8
Others B 4 0 z
C 19 6 23 0
T 35 7 31 11
A 24 1 15 12
B 14 4 6 6
T
otal ¢ | 132 52 108 54
T 170 57 129 72
* F,T. : Measuring instrument of differential temperature

between inlet and outlet coolant of a fuel assembly

%%k F F.D. : Failed fuel detector system

A : Number of troubles during nominal oper on with
unscheduled shut down

B : Number of troubles at starting up with unscheduled
shut dowm

Number of minor troubles without shut down

T : Number of all troubles experienced ( T = A+ B+ C)
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Table 10 NUCLEAR DATA OF JRR-3
! l_ !
j STEP O | STEP 1 STEP 2 STEP 3 STEP 4
3 MNU 246 185 125 66 0]
: Number of fuel
assemblies NUO2 C o 0 59 59
‘ in the core
5 EU02 0 61 118 118 184
i i
Date e Jan. '72 i Jun. '72 [July '73 Apr. 'T4
Weight of loading U (T} 6 5 ] 3.9 2.9 1.7
Weight of loading U-235 (Kg) 45 38 34 27 22
Neutron ¢f (n/cnsec) 2.0x1012 | 2,0x1012 | 2.2x1012 [2.3x1012
flux in 2 ' 12 12 12 12
the core ¢ep (n/em?sec) 2.4x10°¢ [2.5x10°¢ | 2.7x10°< |2.8x10
(nean) d¢n (n/cmsec) |9.0x1012 |1.2x1013 [1.3x1013 |1.6x1013 |1.621 13
, Kgee {1.05 1.069 1.112 1.107 1.149
i
| . .
i *
Excess reactivity Cal 6.1 5.9 3.0 12.3
( % 8k/x ) *Meas. 4.2 6.7 10.6 6.6 —_
Poison (Xe, Sm) 2.) 2.6 2.9 3.2 3.3
Temperature effect 0.8 0.8 0.8 0.8 0.8
Burn up 0.5 3.5 2.3 5.0
Experiment, Irraediation 1.3 1.5 2.0 2.0 2,5
! Operation 0.7 0.7 0.7 0.7
! .
! Number Regulating rod 2 2 2 2 2
of Shim rod 12 12 12 12 12
control
rods Safety rod (added) 0 3 3 3 3
Kees ( 211 rods in ) 0.879 0.912 0.887 0.933
* - - - - -
Shut down wmargin cal. 13.8 9'6 12.8 7.2
{ #ax/x ) #Meas. -8.0 -4.9 -9.0 -
| Total worth of *Cal. 19.9 19.5 21.8 19.5
; control rods
L Aok/k ) *Neas. | 11 14.7 15.5 15.6 —_— g
Note  *Cal. : Calculated value
*Meas. : Measured value _
MNU Naturael uranium metzllic fuel assembly
NUO, Natural uranium ceramic fuel assembly
EUO> : 1.5% enriched uranium ceramic fuel nssembly
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Table 11.

ITEMS OF REACTOR CHARACTERISTICS EXPERIMENTS

Date of experiments

STEP 1

STEP 2

STEP 3

STEP 4

Jan. '72

Jun. '72

Jun. '73

ApT. '744»

Criticai experiment

O

O

Control rod calibration

O

O

Measurements of reactivity
coefficient

a. Temperature coefficient

%. Fuel coefficient

¢. Heactivity effect with
Do0 dump

d. Resectivity effect of
experimental holes

o O 00

© 0 00

Neutron flux measurement
and power calibration

O

¢

O

Neutron flux measurement
in experimental holes and
irradiation holes

Rediation survey in the
reactor rooa

O

0

Activity monitoring with
stack gas and dust

2

Analyses of coolant water
and gas

Reactivity effect of
Xenon poisoning

10.

Power up test

@]

0

O

Note O

Ttems of experiment to be performed in each step.
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