
energy supply, they must be operated with reliable and affordable fuel

systems. Today's fuel fabrication processes, equipment, and handling

systems will not satisfy the needs of the LMFBR Program beyond the next

few years. Therefore, the necessary fuel fabrication technology must be

developed. The plan to achieve this program's objectives is to proceed with

the equipment and process development for fuel fabrication (spinning off

individual unit process improvements to the mixed-oxide fuel fabrication

industry as they are achieved) while designing and constructing the High

Performance Fuel Laboratory (HPFL). These two activities will be merged and

integrated with the initial operation of the HPFL in 1983. The high-rate fuel

fabrication demonstration in the HPFL will permit the design and construction

of large fuel fabrication facilities with high confidence and low risk.

Reactor Analysis, Core Components and Instrumentation

The design of economical and reliable LMFBRs with an associated high

plant availability factor and required breeding rates depends on the

availability of proven core components, qualified core design codes, plant and

reactor instrumentation, and the technology supporting safe shipment of fuel

and breeder blanket assemblies from the reactor plant for subsequent

reprocessing. Near term programs in support of FFTF and CRBRP include tests of

the FFTF/CRBRP driver fuel and the CRBRP blanket assemblies in FFTF, develop-

ment of gridded type fuel assemblies, calibration of core restraint codes

in a CRBRP mockup, full-scale development of ultrasonic under sodium

viewing, development and calibration of FFTF and CRBRP instrumentation, and

design and development of a facility for assembly of FFTF test articles.

Test Facilities

To assure a successful program, the LMFBR demonstration projects and

technology areas require support from a number of specialized facilities.

Experiments carried out In these facilities provide the necessary information

for development of fuels, materials, and reactor core design technology to

assure safe, economical and reliable reactors. The support facilities also

allow for the testing of major reactor and plant components, under normal

and abnormal conditions, to develop a full understanding of their behavior

before Installation in the reactor where the environment, instrumentation,

and problem analysis become much more difficult to control. The facilities

are designed, constructed, operated, and decommissioned on a schedule

consistent with the test requirements of the projects and supporting technology

efforts.

Summary

The current FY 1S78 budget request for the U.S. LMFBR program is $656 million

in budget authority. The budget represents a prudent and responsible program

while the U.S. LMFBR program review is taking place. The schedule for

completing construction of the Fast Flux Test Facility will be maintained.

The Clinch River Breeder Reactor Project is continued, but the pace of site

preparation activities is slowed and the start of major construction will

be delayed. Base technology support for the safety, fuels, and component

development activities will be continued. Conceptual design activities for

the next reactor demonstration project, the Prototype Large Breeder Reactor,

are terminated at the end of FY 1977 and the commitment to detailed design

and construction of this project will be deferred,

A Review of Past Reactor Progress in Japan;
"by K. Tomabechi

The fast reactor development project in Japan is continuing at an

increased scale of effort in budget, an increase of 6 billion Yen as com-

pared with that of the last year. Total budget for LMFBR development

for 1977 fiscal year is approximately 20 billion Yen, excluding wages of

personnel of the Power Reactor and Nuclear Fuel Development Corpora-

tion, PNC.

The number of the technical people engaging in the fast reactor de-

velopment in the PNC is approximately 500, excluding those working for

plutonium fuel fabrication. Highlights and topics of the fast reactor de-

velopment activities m the past year are summarized below.



"JOYO"

In February 1976, the whole primary and secondary coolant systems
of the 50 MWt experimental reactor, "JOYO", were filled with sodium.
The total quantity of the sodium charged into the plant was 199 tons, 126
tons in the primary system and 73 tons in the secondary. Then, various
tests by circulating sodium were made. With the tests, it was confirmed
that all the machines of the reactor, such as rotating plugs, refueling
machines, control rod drive mechanisms, primary and secondary pumps,
and e tc . , worked prc^erly.

An interruption of the tests took place in the last fall and modifica-
tion of the bearings of the primary pumps was made in order to extend the
operable range of the pumps at a low delivery head of sodium. By utiliz-
ing the interruption period, miscellaneous inspections and some desirable
reworks were made.

The tests were resumed in January 1977 again and completed early
this month, March 1977. Thus, the reactor is now ready for conducting
an experiment for the first criticality approach. At the present time, it
is planned to begin fuel loading into the reactor core in the middle of this
month and the first criticality will be achieved in the end of next montii,
April 1977.

After criticality achievement, various performance tests of this
reactor will be conducted for about one year. Operation at 50 MW is
currently expected to be made in the spring 1978. Analysis of the present
Mark I core for increasing power up to 75 MW and design work of "JOYO"
Mark II core suitable for irradiation purposes of fuels and materials, have
been almost completed. Therefore, it is planned to file a licensing docu-
ment for increasing power of the reactor in the near future.

"MONJU"

The Japanese Atomic Energy Commission set up in the summer 1975
an ad hoc committee in order to review development of new types of power
reactors in Japan, aiming at establishment of a long range program for
development strategy of new reactor types. In the committee, various
types of reactors were discussed.

As to the fast breeder reactor development, after about one year of
thorough review on the whole program of 300 MWe "MONJU" including the
relevant R and D works, the committee gave a conclusion that the "MONJU"
program should be proceeded toward the construction according to the
present program. This conclusion was accepted and authorized by the
Atomic Energy Commission in September 1976 and the Commission decided
to promote the development of the fast breeder reactor in Japan.

Design work of "MONJU" has been continued. Although there have
been no changes made in the major design parameters of the reactor,
refinement of the design has been continued.

As a site for "MONJU", Tsuruga Peninsula where several LWRs &re
already in operation, has been envisaged. Investigation for whether this
site is suitable for "MONJU" was initiated last fall by setting up several
meteorological towers and digging tunnels for surveying base rock under
the ground.

It is anticipated that sufficient data for judging suitability of the
site will be collected by the end of this year. Therefore, it is expected
that it may be possible to file a licensing document of "MONJU" in the near
future, provided all the data collected will be favourable.

R & D Works

R and D works for LMFBR development have been carried out inten-
sively in the past year. Only highlights and some topics will be reported
lie re .

In the field of reactor physics, a topic will be given here.
Using the Fast Critical Assembly, FCA, an experiment was made in order
to evaluate fission rate in a fuel stored in the fuel storage position within
the reactor vessel of "MONJU". The fuel storage position is located at
around 2 meters from the center of the core and the experiment was con-
ducted by simulating a sector of the fuel storage positions around the core.
The results so far obtained indicated that a ratio of U^35 fission rate at
the fuel storage position to that of the core center was less than 10 .

Effort for developing a reliable steam generator of helical coil type
has btcn continued. As reported last year, the first 50 MW steam gene-



rator tested for approximately 3,500 hours of operation was dismantled in

ths spring 1975 for a thorough inspection. The results so far obtained

from the inspection are generally favourable. However, an important

thing learned from the inspection is that a more careful design should be

made for supporting method of the tube bundles of the steam generator,

so as to avoid wearing of the tubes due to differential thermal expansion

between individual tube and the supporting device.

The second 50 MW steam generator has been in operation since

October 1975 and the evaporator and superheater have been operated

already 4,100 hours and 1,700 hours respectively. An endurance test

for approximately 10,000 hours will be made on the steam generator.

It is being planned to install a reheater for this steam generator in the

future.

A device being used for detecting hydrogen in the sodium of the 50

MW steam generator is of a diffusion type through a thin Ni plate.

Sensitivity of this detector is about 5 ppb and its response time is ap-

proximately 30 seconds. Hydrogen concentration normally observed in

the sodium of the steam generator has been 100 - 110 ppb. It is planned

to conduct an experiment in the beginning of the next year, in order to

obtain an information of leakage detection of a steam generator tube by

injecting a small amount of water into the sodium of the steam generator.

Experiments to simulate unlikely large sodium water reactions which

might take place in a steam generator have been continued by using the

Steam Generator Safety Test Loop, SWAT-3. The test conditions of the

two runs briefly reported last year are summarized in Table 1 and an

example of the initial spike pressure observed at the second run is

illustrated in Fig. 1.

In September 1976, a similar experiment was conducted. In this

third experiment, approximately 85 kg of 300 C hot water was injected

into a 1/2.5 scale down model of a steam generator to be used for "MONJU",

which contained sodium of £00 C. Injection rate of water was about 8.7

kg/s. No appreciable damage on both the simulated heating tubes and the

steam generator shell was observed. Next similar experiment will be for

obtaining information when a large sodium water reaction takes place at an

upper part of a steam generator. In that experiment, water will be in-

jected into sodium at 0.5 m below the free surface of sodium within the

model of the steam generator.

Tests on various other components to be used for "MONJU" have

been continued. Those include tests with sodium on an in-vessel fuel

handling machine and a back up control rod drive mechanism. Fabrication

of a prototypical primary sodium pump is almost completed and the pump

will be installed in a sodium loop in coming June. Tests on the pump will

begin in coming summer. However, a specially made impeller for a reduced

flow rate will be used in the tests, because of the limited capebility of

sodium loop to be used for the tests. A 1/2 scale down model of reactor

core and vessel of "MONJU" was constructed. By using water, hydraulic

information such as flow distribution within reactor vessel has been obtained

and the data are being analysed.

In the field of sodium technology, topics in the past year are as

follows. In order to obtain experiences of handling NaK, a small loop

was constructed. This loop contains 450 kg of NaK and has been in

operation since last fall. A sodium loop for testing a large electromagnetic

pump is under construction. The loop contains 3 m3 of sodium and has an

electromagnetic pump, having a capacity of 10 m3/min. A thermal shock

test on a 1/6 scale down model of an exit nozzle of "MONJU" reactor vessel

is being carried out. More than 50 times of thermal shocks were given

and no sodium leakage was observed. The data obtaine^»ire under analysis.

Some topics related to safety can be summarized as follows. A

couple of experiments of sodium burning were conducted. One experiment

was to simulate sodium spray burning, by injecting 400 g of sodium of 300 -

500 °C into a vessel, having a diameter of 1 m and a height of 2.8 m. The

experiment was carried out by changing sodium temperature and oxygen con-

centration within the vessel. The sodium was injected into the vessel

through a small spray nozzle at a flow rate of 30 - 50 g/s. The results of

the experiment indicated that build up rates of the pressure in the vessel

depended strongly on both, the oxygen concentration within the vessel and

the temperature of sodium injected. The maximum observed build up rate

of the pressure was approximately 1 kg/cm2/s.

Another experiment of sodium burning conducted was to examine a

fraction of radioactive iodine released into the atmosphere at an accident

of sodium pool burning. Specimens of 20 grams of sodium containing 1 -

1000 ppm iodine were burned in a vessel. The results of this experiment

indicated that although about 10 % of the original sodium was released into
/the atmosphere, only about yi of the iodine , . , , n O „.

/originally contained in the sodium was reTeased into the atmosphere. 98 %
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of this released iodine was found in the aerosol and the rest as gas. In

this experiment, no organic iodine was detected in the combustion products.

Experiments concerning local fuel failure are being conducted in order
to investigate the degree of thermal and hydraulic effects to be caused by
abnormal incident in a subassembly, such as fuel pin contact due to pin
bowing and sodium boiling due to pump coast down. Experiments were
made by simulating simultaneous point contacts of 7 pins and line contact
of 2 pins, by using 400 w/cm heater pins. Using 19 heater pins, sodium
boiling experiments were made in order to simulate pump coast down with
failure to scram a reactor, ln the experiment, it has been observed that
boiling propagates from the central region of the pin bundle to the peri-
phery of the bundle.

Concerning sodium flow meters, two topics are reported here.

One is the development of an ultrasonic flow meter of sodium. A preli-

minary experiment of an ultrasonic flow meter using water indicated very

encouraging results and an experiment using sodium of approximately 400

~ ~ — —

Water pressure

Water temperature

Diameter of injection nozzle

Duration of injection

Injection rate

Total quantity of injected water

Sodium temperature

Cover gas pressure

Unit

kg/cm2 G

°C

mm

s e c

kg/sec

kg

°C

kg/cm^ G

Run 1

153

343

15«5

7.6

6.7

61.2

378

0 . 5

Run 2

153

259

10«5x8

9.9

14.2- 9.7

122

320

0 .5

°C began last fall. The experiment has been conducted using 12 inch

piping in which sodium flows at various speed, the maximum about 4 m/s.

The results so far obtained indicated a good linearity of measuring sodium

flow rate by such an ultrasonic flow meter.

The second concerns an electromagnetic, flow meter. An experiment

was conducted in order to obtain an information of sodium flow rate, based

on the correlation between the noise signals appeared at two pairs of elec-

trodes placed with a certain distance along the sodium stream line. The

results obtained indicated very encouraging. Namely, a pairs of elec-

trodes placed at a distance of 5.0 cm on a 12 inch pipe could indicate a

rather precise flow rate over a range of 5 - 20 m3/min.
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Table 1. Test Conditions of Run 1 and 2 Fig. 1. Initial Spike Pressure at Run 2.


