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competing reactivity effects proved to decrease with

each additional excursion. After the fifth excursion, the

system achieved a quasi-stationary state, which if not

terminated artificially, could have persisted for an

indefinite time.

Based on 140La activity, the total number of fissions

in the two receiver vessels was estimated to be

~5.5 × 1015. The number of fissions for each excursion

were then calculated to be

• 4.3 × 1015,

• 5.6 × 1014,

• 3.2 × 1014, and

• ~1014 for each of excursions 4 through 6.

No contamination occurred and doses to personnel

were insignificant. The collective dose for the closest

20 people did not exceed 0.4 rem. The equipment was

not damaged, although the facility remained shutdown

for about three months. The cause of the deformation

of the receiver vessels was not known, but it was

suspected that it occurred gradually over many years.

The vessels were replaced, and a regular monitoring

program for both uranium accumulation and vessel

integrity was instituted.

The accident occurred in the Fuel Conversion Test

Building at the JCO company site in Toki-mura,

Ibarakin prefecture, Japan. The building housed

equipment to produce either uranium dioxide powder

or uranyl nitrate solution from source materials such as

uranium hexafluoride or U3O8. This building was one

of three on site that was licensed to operate with fissile

materials. The other two housed large-scale production

equipment for the conversion of UF6 to UO2 for

commercial light water reactors and handled only

uranium enriched to 5% or less. The Fuel Conversion

Test Building was much smaller, and was used only

infrequently for special projects.  It was authorized to

handle uranium in enrichments up to 20%. At the time

of the accident, U(18.8) fuel processing was underway,

with the product intended for the Joyo experimental

breeder reactor at the Oarai site of the Japan Nuclear

Cycle Development Institute (JNC). The small size

(~300 x 500 meters) and inner-city location of the JCO

Tokai site contributed to a unique aspect of this

accident; this was the first process criticality accident

in which measurable exposures occurred to off-site

personnel (members of the public).

The operation required the preparation of about

16.8 kg of U(18.8) as 370 g/l uranyl nitrate that was to

be shipped, as solution, offsite for the subsequent

manufacture of reactor fuel. The process was being

performed in separate batches to comply with the

criticality controls. Procedures specified different

uranium mass limits for different enrichment ranges.

For the 16 to 20 % range the limit was 2.4 kg uranium.

A simplified depiction of the main process equipment

and material flow for preparing and packaging the
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Uranyl nitrate solution, U(18.8), in a precipitation vessel; multiple excursions; two fatalities, one significant

exposure.

uranyl nitrate, as specified in the license between the

JCO Company and the federal government, is shown in

Figure 34-A.

Three operators had begun the task on 29 Septem-

ber, the day prior to the accident, but were operating

according to the procedure indicated in Figure 34-B.

There were basically two deviations from the license-

authorized procedure that were associated with the

actual operations. First, the company procedure that

the operators were to have followed, specified that the

dissolution step was to be conducted in open, 10-liter,

stainless steel buckets instead of the dissolution vessel

indicated. This change was known to have saved about

one hour in dissolution time.

The much more serious procedural departure,

however, was the transfer of the nitrate solution into

the unfavorable geometry precipitation vessel instead

of the prescribed, favorable geometry columns. This

deviation was apparently motivated by the difficulty of

filling the product containers from the storage col-

umns. The drain cock below the columns was only

about 10 cm above the floor. The precipitation vessel

had not only a stirrer to assure a uniform product but

greatly facilitated the filling of the product containers.

On 29 September the operators completed the

dissolution of four, 2.4 kg batches. The solution was

first transferred to a five liter flask and then hand

poured through a funnel into the precipitation vessel.

The precipitation vessel was 450 mm diameter by

610 mm high with a capacity of about 100 liters.

Figure 35 is a photograph of the actual precipitation

vessel, interconnected piping, ports through which

materials could be added, and the stairs on which one
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operator stood to pour the solution. The second

operator stood on the floor and held the funnel.

Completion of the four batches concluded the three-

person team’s work for that day.

The next day, 30 September, the three operators

began dissolving the final three batches that would be

required to complete the job. After transferring batches

five and six, the pouring of the seventh batch was

begun around 10:35. Almost at the end of the pour

(183 g of uranium were recovered from the flask) the

gamma alarms sounded in this building and in the two

nearby commercial fuel buildings. Workers evacuated

from all buildings according to prescribed plans and

proceeded to the muster area on site. At this location,

gamma ray dose rates far above background were

detected and it was suspected that a criticality accident

had occurred and was ongoing.

The muster location was then moved to a more

remote part of the plant site where dose rates were near

to background values. The excursion continued for

nearly twenty hours before it was terminated by

deliberate actions authorized and directed by govern-

Figure 34. Authorized and executed procedures.

ment officials. During this time there were several

noteworthy aspects of this accident. First, the JCO

Company was not prepared to respond to a criticality

accident - the gamma alarms were not part of a

criticality accident alarm system. In fact, the license

agreement stated that a criticality accident was not a

credible event. Thus expertise and neutron detectors

had to be brought in from nearby nuclear facilities.

Various monitoring devices at the facility as well as the

nearby Japan Atomic Energy Research Institute

(JAERI), recorded the excursion history.  These

showed, after a large initial spike, that the power level

quasi-stabilized, dropping gradually by about a factor

of two over the first ~17 hours.

About 4.5 hours after the start of the accident,

radiation readings taken at the site boundary nearest to

a residential house and a commercial establishment

showed combined neutron and gamma ray dose rates

of about 5 mSv/hour. At this time the Mayor of Tokai-

mura recommended that residents living within a

350 m radius of the JCO plant evacuate to more remote

locations. After 12 hours, local, Ibaraki-ken, govern-

Authorized Procedure

G
e

o
m

e
tr

ic
a

lly
F

a
v
o

ra
b
le

 V
e

s
s
e

l

Dissolver

Product Solution UO
2
(NO

3
)
2

Nitric Acid
2.4 kg U

3
O

8

Batch

4  Bottles

Nitric Acid
2.4 kg U

3
O

8

Batch

Executed Procedure

5  Flask10  Stainless Steel
Bucket

Precipitation
Tank B

Product
Solution
UO

2
(NO

3
)
2

B

A



55

Figure 35. The precipitation vessel in which the process criticality accident occurred.
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ment authorities, recommended that residents within a

10 km radius of the plant remain indoors because of

measurable airborne fission product activity.

Shortly after midnight, plans were carried out to

attempt to terminate the excursion. It was decided to

drain the cooling water from the jacket surrounding the

lower half of the precipitation vessel in the recognition

that this might remove sufficient reactivity to cause

subcriticality. Several teams of three operators each

were sent, one at a time, to accomplish this job. The

piping that fed the jacket was accessible from immedi-

ately outside the building, but it was difficult to

disassemble and the workers were limited to exposures

of less than 0.1 Sv each.

When the piping was finally opened at about 17

hours into the accident, not all the water drained from

the jacket. This was determined from the various

monitoring devices that showed a power drop of about

a factor of four and then a leveling off again, indicating

that the excursion was not terminated. Complete

removal of the water from the jacket was eventually

accomplished by forcing argon gas through the piping,

again, without entering the building. This led to the

shutdown of the reaction at about twenty hours. To

assure permanent subcriticality, boric acid was added

to the precipitation vessel through a long rubber hose.

A few weeks after the accident, allowing for

radiation levels to decay, the solution was sampled

from the vessel and analyzed. Based on fission product

analysis, it was determined that the total yield of the

accident was about 2.5 × 1018 fissions. While there

were no radiation detectors that recorded the details of

the first few minutes of the excursion history, the

operators’ exposures and the neutron detector readings

at the JAERI-NAKA site provide strong evidence that

the reactivity exceeded prompt critical. Experimental

results from simulated criticality accidents in

solutions2,3,4 would then support a first spike yield of 4

to 8 × 1016 fissions.

The two workers involved in the actual pouring

operation were severely overexposed, with estimated

doses of 16 to 20 and 6 to 10 GyEq respectively. The

third operator was a few meters away at a desk when

the accident occurred and received an estimated 1 to

4.5 GyEq dose. All three operators were placed under

special medical care. The operator standing on the

floor holding the funnel at the time of the accident died

82 days later. The operator pouring the solution into

the funnel died 210 days after the accident. The least

exposed operator left the hospital almost three months

after the accident.

Factors contributing to the accident, in addition to

the stated procedural violations, likely included:

1) a weak understanding by personnel at all levels in

JCO of the factors that influence criticality in a

general sense, and specifically, a lack of realiza-

tion that the 45 liters of solution, while far sub-

critical in the intended storage tanks, could be

supercritical in the unfavorable geometry precipi-

tation vessel;

2) company pressures to operate more efficiently;

3) the mind-set at all levels within JCO and the

regulatory authority that a criticality accident was

not a credible event; this mind-set resulted in an

inadequate review of procedures, plans, equip-

ment layout, human factors, etc. by both the com-

pany and the licensing officials.

The Government decided to cancel the license of

JCO operations, and the JCO was likely to accept the

decision at the time of the printing of this report.

Of the approximately 200 residents who were

evacuated from within the 350 m radius, about 90%

received doses less than 5 mSv and, of the remaining,

none received more than 25 mSv. While there was

measurable contamination from airborne fission

products on local plant life, maximum readings were

less than 0.01 mSv/hr and short-lived.


