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1. INTRODUCTION

Power Reactor and Nuclear Fuel Development Corporation (PNC) has been

operating the down stream work in nuclear fuel cycle in Tokai Works which

is located at Tokai-mura, about 120 km north of Tokyo.

Although a spent fuel reprocessing plant was planned to construct

earlier than plutonium fuel facility, the latter was built earlier than the

former because of the budget problem. The first plutonium laboratory called

Plutonium Fuel Development Facility (PFDF) was completed in 1965, while

the reprocessing plant was completed in 1974. Both facilities are located

in the same area and the distance between them is only a few hundreds

meters, making a model for colocation.

This paper describes the safety design and R & D of the reprocessing

plant first and then, experience on safety of plutonium handling in the

plutonium fuel facilities.



2. REPROCESSING PLANT

2.1 Outline of the plant

Construction of the reprocessing plant nas completed in 1974 and tests

using unirradiated uranium are now under way, aiming at bringing it into

hot operation in 1977.

The plant has a capacity of reprocessing 0.7 metric tons of spent fuel

per day. The site layout is shown in Fig. 1. The main type of fuel

reprocessed is zircaloy clad low enriched fuel. The process adopted is the

choo and leach-Purex type flow sheet as shown in Fig. 2. Forms of products

are uranium trioxide powder and plutonium nitrate solution.

2.2 Safety design

2.2.1 Aseismatic design

The aseismatic design of the buildings and facilities is classified

into the three categories called A, B and C classes depending on the degree

of importance. The Safety factors for A, B, and C are established so that

the buildings can withstand earthquakes of magnitudes 300%, 150% and 100%

greater, respectively, than the magnitude specified in the Japan Building

Standard Law and its related ordinances. The implies that A-class struc-

tures are designed so as to be safe even if a seismic force of maximum

acceleration of 180 pals is applied to the base.

2.2.2 Criticality control design

The plant is designed for criticality control usinj? mass limit, concen-

tration limit, geometory limit or combination of the above limits. A tow

contingency system to used as the basic criticality control philosophy.

Process monitoring equipment and analytical procedures for process operation

are utilized to control criticality. A criticality alarm system and

criticality dosimeters are installed to cope with an unexpected excursion.



The use of heterogeneous poisons is limited to a few cases such as

poisoned Raschig rings in a distillate receiver and the following emergency

case. In order to prevent criticality due to leakage from a vessel rupture

caused hy a strong earthquake, three horizontal earthquake monitors are

provided in the basement with a two-out-of three mode, whereby through an

interconnected system a borax solution is automatically poured into the drip-

trays of plutonium product storage and the plutonium concentration cells.

2.2.3 Countermeasures against fire and explosion

Dangerous chemicals which can easily cause fire or explosion will not

be used in the plant. All the cells for processes in which danger of fire

and explosion exists are made fire-and explosion-proof. Wherever necessary,

fi l ters, dumpers, and special check valves are fitted to the ventilation

inlet of concrete cells to prevent the reverse flow of contaminated air when

abnormal conditions occur.

In order to prevent explosion due to chemical reaction of TBP (Tri-

Butylphosphate) and nitr ic acid, washers with dodecane are provided so that

TBP in waste stream will not be introduced into evaporators. The extraction

and evaporation processes will be operated safely at the temperature below

135°C.

Fire detection is ensured by thermocouples, conventional fire detectors,

smoke detectors, etc. Fire-fighting equipment including water iets , water

sprays, foaming fire-extinguishers and carbon dioxide asphyxiators is

installed in the -plant.

2.2.4 Shielding and containment

Direct radiation is shielded with thick concrete walls, lead blocks,

iron plates or water layers. Leakage of radioactivity is prevented as a

basic principle by the three-fold containment of vessel, concrete cell and



building. The thickness and structure of the cell walls are determined on

the basis of the requirement that they can shield radiation, be fireproof

and withstand explosion. The floors and walls of the cells, wherever

necessary, are lined with stainless steel or equipped with stainless-steel

drip-trays for water tightness.

2.3 Disposal of radioactive wastes

2.3-1 Gaseous radioactive wastes

The main radioactive gaseous wastes are the exhaust gases from the

chopping and leaching processes. The exhaust from the chopping process is

sent through a high-efficiency filter into a dissolver off-gas treatment

system for decontamination, while the exhaust from the dissolver is decon-

taminated in an acid absorber and scrubber. Since most of the radioactivity

of gaseous wastes comes from these two processes, this exhaust gas will once

be stored in off-gas storage tanks whose capacity is sufficient to hold the

exhaust gas for half a day to one day. When the weather is favourable, the

gas will be released into the atmosphere.

The vessel off-gas passes through a scrubber, an absorber or filters

depending on its necessity. The total flow rate of the exhaust including

the cell ventilation is 310,000 m3/h and this exhaust gas is released into

the atmosphere through a main stack of 90 m high. The major radionuclides

expected in the exhaust are 8,000 Ci of 85Kr and 50 Ci of 3H.

2.3.2 Liquid wastes

Liquid wastes from the first separation cycle and the concentrate from

the acid recovery process are concentrated in a highly radioactive liquid

waste evaporator and then stored in a highly radioactive liquid waste

storage tank. The sources of intermediate radioactive liquid wastes are the

raffinate from processes such as the second separation cycle, uranium
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purification, plutonium purification, denitration, dissolver off-gas

treatment and plutonium concentration processes. These wastes are sent to

an acid recovery unit and the recovered acid will be reused.

Of the low-level radioactive liquid wastes, those which have a com-

paratively higher radioactivity, such as off-gas decontamination liquid

wastes and solvent-regeneration liquid wastes, are treated in an evaporator

and the concentrate is stored in a stainless steel tank. The rest of the

low-level radioactive liquid wastes is treated by the chemical precipitation

process. The supernatant fluid and the condensate from the evaporator are

lead to a monitoring vessel, from which they are discharged, after monitoring,

into the sea at a distance of 1.8 km from the coast and at a depth of 16 m.

The volume of liquid wastes released is estimated to be about 300 m 3 per day,

and the maximum rate of discharge of radioactivity excluding that of 'H is

to be limited to 1 Ci per day and 65 Ci per three months, or 260 Ci per year,

averaged to be 0.7 Ci per day. The major radioactive nuclides are 1 0 6Ru,

lOERh., H*Ce, lhh?r, 9 5Zr, " u b , l^Ru and 1 3 7Cs.

Besides the radioactivity, the strict control of acidity, suspended

solids and organic materials to be extracted by n-hexane in the sea discharge

effluent is required by the regulation.

2.3.3 Effects of radioactive waste disposal

The effects of radioactive gaseous wastes on the public have been

estimated and the point of maximum annual averaged radioactivity concentra-

tion on the ground surface may be about 2 km south-west of the main stack.

Assuming continuous exposure at this maximum point, the inhabitants may

receive 30 mrem per year skin dose due to 85Kr. The effects of radiation

from other gaseous radionuclides could be considered to be negligibly small

compared with that of 8 5Kr.

The liquid wastes discharged into the Pacific Ocean are diluted and then



diffused as they are mixed with sea-water and carried away by ocean currents.

Supposing that a person living around the plant eats 200 g per day of fishes

and 15 g per day of seeweeds and also that he eats only the young sardines

(whitebaits), which are estimated to give him the largest internal exposure

among various types of fish, his internal exposure could be estimated at

about 30 mrem per year to the gastro-intestinal canal, 10 mrem per year to

the bone and 1 mrem per year to the whole body. The maximum values of

external exposure to a fisherman handling fishing nets are estimated to be

6 mrem per year to the whole body and about 90 mrem per year to the polms of

his hands.

2.4 Research and Development

Research and development works to reduce radioactivity released into

the environment have been conducted from the "as low as practicable" view

point.

2.4.1 Off-gas

A pilot plant project for removal of 85Kr in the off-gas from the

reprocessing plant using cryogenic distillation process started in 1976.

The plant will be completed in 1981. The process adopted is as follows.

Oxygen and nitrogen oxides in the feed g?s are at first reiaoved to a trace

amount in catalytic reactors by reaction with added hydrogen. Xenon and

carbon dioxide are then separated from krypton and nitrogen by adsorption

at low temperature. Krypton is separated from nitrogen and concentrated in

cryogenic distillation columns and fed into cylinders. Xenon after desorp-

tion is separated from carbon dioxide and concentrated in other cryogenic

distillation columns and transferred into cylinders.



2.4.3 Liquid waste

In order to reduce further the radioactivity discharged into the sea,

developmental work for two evaporation systems has being carried out. One

is for the waste whose concentration is 10~ 3 Ci/m3 and the other is for 10"1*

Ci/m3 waste.

A plant removing organic materials especially such as TBP from the

wastes to the extent below 5 mg/1 is also under design stage and will be

completed in 1974.

Developmental work for solidification of radioactive liquid and sludge

into bitumen has being conducted. A pilot plant having an extruder is under

design and is scheduled to begin the hot test in 1981.

3. SAFETY CONTROL EXPERIENCE OF PLUTONIUM HANDLING FACILITIES IN PNC

3.1 Outline of the facilities

PNC started plutonium research work in 1965 by construction of Plutonium

Fuel Development Facility (PFDF). In 1972 PNC constructed Plutonium Fuel

Fabrication Facility (PFFF) for fabricating plutonium-uranium mixed oxide

fuels of experimental fast neutron reactor and of experimental and proto-

type heavy water raactor. Although tons of plutonium fuels have been handled

in these two facilities, safety control in plutonium handling work for both

R&D and fuel fabrication has been successfully conducted without signifi-

cant abnormal occurrence in these ten years.

3.2 Containment control

3.2.1 Zero-contamination control policy

Surface contamination in the facilities is controlled by "zero contami-

nation control policy." This is a system coupled with rather small room

compartment and miscellaneous monitors such as foot monitors in every room

and a-survey meters at every glove box. Operators must survey their fingers,



hands, arms and shoujders at every glove operation, and survey their feet

at every door when they go out of a room. If even a very small contamina-

tion is found, a rapid action of contamination source investigation and

decontamination is taken place. Thus surface contamination levels in opera-

tion rooms have been kept actually zero as shown in TABLE I. The airborne

contamination is also kept a very low level, the same as plutonium con-

centration ievel in normal air on the earth (lxl0~17V5xl0~16 iiCi/cm3) [3].

3.2.2 Glove box control, especially gove control

In order to keep zero-contamination a daily maintenance of glove box,

that is the first containment, must be considered. It is known by experience

that control of gloves for the early detection of potential defect is

important for reducing spot contamination. So gloves are inspected by

operators at every glove operation beside the regular glove exchange which

is administrated by computer with its history. If there are found

significant corrosion and/or decrepitude in glove-box panels, panel exchange

is taken place. Sometimes a box itself is exchanged with a new one. Up to the

present, 18 panels and 9 glove-boxes were exchanged without any trouble under

careful working programme and operation procedure conducted in green house

of poly-vinylchloride.

3.2.3 Radioactive waste control

The air from the glove boxes and hoods is exhausted out of the stack

through two stage of HEPA filters. Plutonium concentration in the exhaust

air is monitored continuously, and its level is always under the detection

limit. Liquid waste is classified into three categories, i.e. low level

drain, monitored drain and laundry drain at the origin. Radioactive liquid

waste from the process is treated before going to low level drain by

flocculation method with ferric chloride and poly aluminum chloride (PAC).



The addition of PAC contributes a great deal to get a good result. The

liquid waste is discharged out of the facility after confirmation of radio-

activity level, which must be under l*10~7 pCi/cm3. Solid waste is actually

storaged with sealed can, but volume reduction and incineration of solid

waste is under development. Incinerator is now under uranium test run and

experiments are being taken place for the volume reduction of used HEPA

filter.

3.3 Nuclear material control and criticality safety

Nuclear material control is maintained by a computer system in these

nine years to assure accurate accountability and nuclear criticality safety.

Now this system is highly sophisticated to accomodate many informations

which contain not only of accountability but also of process and/or quality

control by using direct input technique like OMR sheets. (See another

report [5] for the detail.)

Nuclear criticality safety is ensured mainly by mass control, using

criticality safety limits which are reasonably determined depending on the

moderator to fissile material ratio, plutonium enrichment, uranium enrich-

ment etc. Typical values of these limits are shown in TABLE II.

Geometrical control is also used in some special case. By this system any

nuclear criticality problem has not occurred in the facilities. Criticality

accident is detected by ion chamber type gamma-ray area monitors. Highly

reliable alarm system is applied, 3 out of 6 ways system for PFDF and 3 out

of 14 ways for PFFF respectively. In future, neutron poisoning effect of

2**0Pu and density accomodation effect should be considered to the criticality

control for handling large amount of plutonium fuels. The safeguard system

and installation has been improved, and is sufficient to satisfy the IAEA

regulation.



3.4 Occupational radiation exposure control

3.4.1 Control system

Occupational radiation exposure of the operators is controlled by areal

radiation monitoring, airborne monitoring and personnel monitoring. Areal

radiation is monitored by dosimeters both for gamma-ray and neutron, and

airborne contamination is monitored by using dust monitors as well as air

sniffers. Concerning personnel monitoring, external radiation exposure is

measured by newly developed thermoluminescence dosimeter (TLD), which

consists of several gamma-ray TLD's coupled with the one for neutron and is

adopted instead of conventional filmbadge. Lung monitor and bioassay are

taken place regularly for internal radiation exposurs detection.

Control levels for external radiation exposure are determined individu-

ally in PNC as follows, 0.3 rems per 3 months for investigation level, 1.3

rems per 3 months for caution level and 3 rems per 3 month for work restric-

tion level.

3.4.2 Actual radiation exposure and future problems

Internal radiation exposure of the operators has not been detected in

normal operation. Only in the very rare case of abnormal occurrence, intake

of plutonium was detected but its maximum value was about one-hundredths of

the maximum permissible lung burden. External radiation exposure of the

operators has been generally controlled below 0.3 rems for three months and

one rem for one year, by wide application of shielding, partial mechaniza-

tion of process and improvement of operation procedures. But it is almost

impossible to apply neutron shielding of sufficient thickness to the glove

box of manual operation type, so that the effort to realize entirely remote-

controlled and/or automated process equipment should be applied to accomodate

the increase of plutonium handling amount in future.
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TABLE I ALPHA SURFACE CONTAMINATION CONTROL LEVEL

Maximum permissible surface

contamination (regulation)

Control level in plutonium

facility of PNC

•Average of actual surface

contamination in plutonium

facility of PNC

Environmental plutonium

contamination by fallout

on the earth

IO"1* uCi/cm2

2 dpm/cm2(fix)

0.3 dpm/cm2 (loose)

0^ 0.03 dpm/cm2

(i.e. O^IO" 8 yCi/cm2)

0.2^ 2 x 10~7 pCi/cm2*

IO"7 yCi/cm2**

* measured at Livermore, California, USA [3]

** estimated from the fallout of weapon experiment [4]
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TABLE II MASS LIMITS FOR CRTTICALITY SAFETY CONTROL

(in kg; Pu* = 239Pu + 2I|1Pu + 235U)

Facility

PFDF

PFFF

Fuel composition

Pu metal, PuO2 and
mixed oxide

Experimental fast
reactor "JOYO"
20% Pu02(85% fissile) -
80% U02 (23.3% enriched)

Prototype heavy water
reactor "FUGEN"
1% Pu02-U02 (natural)

Irradiation fuel for
SGHWR
2% PuO2-UO2 (natural)

Moderation ratio categories

Dry

2.6

9.8

12.6

5.7

Semi-dry

1.8

•

12.6

5.7

Semi-dilution

0.5

3.0

2.3

1.2

Dilution

0.22

0.25

1.1

0.67
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1 1

lo Main plant

2. Low-level radioactive waste
treatment facility

3c Analytical laboratory

4» Main stack

5. Decontamination shop

6. High-level radioactive solid
waste storage

7. Sea discharge pipe line

8. Machine shop

9. Water cooling facility

10. Chemicals tank farm

11. Gas holder (N2 , 02)

12. Ware-house

13. Oil storage

14. Garage

15. Administration building

16. Guard house

17. Low-level radioactive
solid waste storage

18. Uranium product storage

19. Sludge storage

FIG. 1 Site layout
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FIG. 2 Block diagram of the plant


