Application for utilization of nuclear fuel
material to STA : Safety regulatory body
¥
STA's safety review of basic design E Licensee
(manufacturer)

STA: Science Technology Agency
NSC: Nuclear Safety Commission

‘ Issue of license for use from STA ‘

4

Construction work

¥
|I Application of operational safety program " " Application of facility inspection "
¥
| Approval of operational safety program | |Approva| of the facility |
¢ Records on operation,
examination and radiation
Operation control

I
| On-the-spot inspection

Figure 2.1. License flow for “use” of nuclear material.
Application for fabrication business of
nuclear fuel material to Prime Minister l:l : Safety regulatory body
P : 2
;NUC|6_6" safety oo STA’s primary safety review of basic design : Licensee
ttechnical consultant;‘ (manufacturer)
Consultation from Prime Minister
NSC'’s secondary review of the basic design STA: Sci Technol A
(review of STA's safety review: double check) - Seience fechnology Agency
NSC: Nuclear Safety Commission
Mandatory advise
Issue of license for fabrication business
from Prime Minister

“ Application of detailed design and construction plan ||
J Approval of detailed design and construction plan‘

Construction work

” Application of facility inspection ||
v
‘Approval of the facility |

" Application of operational safety program "

| Approval of operational safety program ‘
]

Designation of chief engineer of

nuclear fuel material

\
v Records on operation,
examination and radiation
Operation control

i On-the-spot inspection

Figure 2.2. License flow for the manufacturing business.



Atomic Energy Basic Law
(12.19.1955)

Law for the Regulation of Nuclear Source Material, Nuclear
Fuel Material and Reactors (The Reactor Regulation Law)
(06.10.1957)

[
Ordinance for the Regulation of Nuclear Source Material, Nuclear
Fuel material and Reactors (11.21.1957)

Rules for the Fabrication Rules for the Utilization 1 Rules for the Reprocessing } : Rules for the Refining Business off
Business of Nuclear Fuel of Nuclear Fuel Material | Business of Spent Fuel | | Nuclear Source material and |
Material (07.19.1966) (12.09.1957) | (03.27.1971) b Nuclear Fuel Material(12.09.1957) |
Technical Standards on
Design and Construction
Method of Fabrication
Business of Nuclear Fuel
Material (03.25.1987)

. * * This guide was utilized as reference in
Regulatory Guide for i ,
Reviewing Safety Design the ds_?fety reyle:vgg;the JCOsCTB
of Uranium Fabrication modi "?E‘“O” n
Facilities (U enrichment (U enrichment less than 20%)
less than 5%) (12.22.1980)

Basic Regulatory Guide for Reviewing Safety Design of Nuclear Fuel Facilities (02.07.1980)

Figure 2.3. Major legislations and guides governing the safety regulation of fabrication
business or utilization of nuclear fuel material



NORTH
FPAEIFIC

oCEAN

BT )
| I
& - *
oo g |
- mm ‘-l.ll
- oy el
el
AaWord
Figure 3.1.

General map of Japan



Hitachi-sti
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Figure 3.2. Regional map of Ibaraki Prefecture. The circle represents the 10 km area
within which about 310,000 people were recommended to stay indoors.
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Figure 3.3. Location of JCO site (JCO Tokai Plant).
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Figure 3.4. Plan of the JCO site with location of monitoring points (circled numbers)



The layout in the JCO conversion test building

Precipitation tank  cajciner r |

=t @h Eigj
To Sumitomo Metal Mine Co.'s =

First Uranium Test Building D L Reduction furnace

Filtrate receiver tank g . .
Demineralized water o JO— 1 Calcination & reduction room

storage tank
a o L \_] \_ D
Extraction waste storage tMPrecipktation filtraty
I o

No. 2 i |
Purified uranyl nitrate solution transfer PumP'D - TBPfiter Markings on the floor for locating product vessels

el in the UNH solution cross-blending l:,_'
Purified uranyl nitrate solution storage tank ( iﬂu ( iNl:E \/I Mixer

for homogenization (mixing)

o o
Extraction stripping column O Conversion
=1 test facility
Pulsator control board

= Pump
Solvent extraction column

[TTT
TBP storage tank O O Dissolution tank
O

OO0 00000 O
0000 000 O

O
O
O
o]
O
O
O
O

- Product storage room
Conversion test room

g
Q o>

; Hydrolysis room

UF, storage room

o ©

000000000000

=l Cylinder heater

Fydrolysis tank [@‘ @) :j

Subdivision cylinder

Figure 3.5. Layout in the JCO conversion test building where the accident took place.
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< Aluminium nitrate > Uanium fluoride Uranium oxide < Nitric acid>
(AI(NO,),) (UFg) (UO,, U,O,) (HNO,)
v
Oxidation®
J' Enrichment biendinq(EiB)**
| i
Hydrolysis Dissolution
v 4 |
Uranyl nitrate solution: UNH*** <Aqua pura>
(UO,(NO,),) (H,0)
|
fer> i
N %m * Needed in the case of material UO2
v * * |n the case needed
<Ammonia> |Refined uranyl nitrate: UNH| * * * Aluminium fluoride ( AIF )
(N|_||3) (UOQ(N 03)2) is included in the case of material UF_5
by
Precipitation
Ammonium diuranate: ADU
((NH4)?O'2U01})
Calcipation
Y
<Hyd|r_|ogen> Triuranium octoxide < Nitric acid>
s (U;0y) (HNO,)
il 2R
Reduction Dissolution
|
Uranium dioxide Refined uranyl nitrate : UNH
(UO,) (UO,(NO,),)
v v o .
Mixing Homogenization (mixing)

|

Product: uranium dioxide

powder (UQO,)

Product: refined uranyl nitrate
UNH (UO,(NO,),)

Figure 3.7.  Process flow of producing uranium dioxide or UNH in the CTB.



& Uranium oxide purification

Pzecipjtaau:l-pk'a]c:muoﬂ —_—

Diissolution| (Hydrolysis | [Extraction | [Pure ursnyl nimate Precipitation Calcimer | [Reducton firnsce Dizsolution

cank cohmmn cotummn sohrmon storage tank enmance: glove box | | ok
O,
(nitric acid)

Uranyl nitrate solution.  ADU
U0,M0,), RIE), U0,

Lk}

Uranyl nitrate sclution production —w

Grorags)

Product solition
(uranyl mitrate)
U0, M0,

M———— Feduction’ Blendime———

| E\‘.ed.u.cl:iun-l—il

Mixing |

Powder storags vessel

Figure 3.8. Production system licensed in 1984 for UO, and UNH in the CTB.



Raw Materials

Redissolution

Blending and Homogenization

Filling Product into Containers

il

Licensed process

Initial process

sy Process used in
Around 1993
wed Process used After 1995
Violation
“\Q\\'\h\\\.\\\\\\\\\\%\h\\“\\m\\m\% “ Proccss ﬂwt Caused
(Unauthorized) %\ the accident
N
N
¥
. . Stainless
Dissolution steel bucket
Tank (10 liters)

Storage
Tank
(Blending and
homogenization

Cross-blending
(Blending and subdividing)
2 N
3

SRR

7

[ an internal manual

L,

Product
Container
(4 liters)

Y

™
N
3
N —
Unreviewed and % OO ODOO00ONC0RO00N Violation of
unapproved process % Deviation fro : tech. spec.
,,,,,,,,,,,,,,, N licensing conditions ¥  (Injecting a large

%\‘%\\\\W&\\\‘\ (Exceeded mass umHolume of uranium)

[Process involving the accida-na

(

Process prescribed inJ

Product
Container
(4 liters)

V

E

Shipping
. - Process used Process used Process that caused
(Licensed process) (Initial process) ;1 1993 after 1995 - the accident - -

Figure 4.1. Changes of the production process of UNH solution in the CTB.
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JCO “Joyo” UO2 Production Process in the period of 1985-1991

ik

Uranium oxide purification *

G Gy fpnie] yffcmin |

Diissolution| (Hydrolysis | [Exmaction
tank column column

Feduction’ Blending

_.4 R‘.Eduv:l:iunl_q

—»

Mixing |

Pure uramy] mitrate | (Precipitation (Calciner {\‘.edur:uun Mixing
sohufion storage t= tank farnace fumnace Can
entrance:
HNO), (nitric acid)

NH,

glove box Cross-blending method

atar M
{Tray)

Uranyl nirate soludon  ADUT
U0,m0.), (NH,U,0,

Figure 4.2. Production system of JOYO UQ; in the period of 1985-1991.

JCO *“Joyo” Urany Nitrate (UNH) Production Process Plan
which was agreed between PNC on 1986/6/25

- Homogenization process with cross-blending method (not licensed) wad added -

Uranium oxide purification

i

Uranyl nifrate solution production —

P:ecipi:sm:l_pka]cinaﬁunlgp |.7\'.|.Ld.'i550|.uti.0:l. I—ph{omege:izam |

??ecipi'x.'ion] Calciner

tank

Hydrolysis | [Extraction
columm columm

3155{\]J.110n]

Pure uranyl nifTate
solution storage ta

Faduction fumace
entrance: glove box

HMO,
HNO, (nifric acid)

Diissolution ]

20 Product vessels ]

Uranyl nitrate solition ADU
V0,0, NHU,0, .0,

Purified powder Product solution (uranyl mi
U0, (NO,),

Figure 4.3. Production system plan of JOYO UNH which was agreed between PNC and
JCO on June 25, 1986.
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JCO UNH Production Process in the JOYO 4™ campaign (1986-1988

+ Uranium oxide purification

o) e W I s IR

Uranyl nitrate solution production —

|R.e-d.i55e]m:inn I_.lHomegammti.u:L

r_'hlssulu:\mﬂ [Hf-'dmh'sls J [F.‘{Eratl:iﬂ:l.] [Pu:\e uramyl :ju::;;l [P:Eq:ipi:a:.cn] Calcinar [R.ec'.uc:mn fumnace
tank icohmmn

EZ)Lssu]u:wn | 10 Product wvessels

icohmmn solution storage tank entrance: glove box
HMO, (nimic acid)

NH,

Work
Flow ()
JOYO 4th
B86/10~8812

ADU

Uranyl nitrate solution

U0,MNOy), (HD,U,0;

Figure 4.4.

tamk
o, Cress-blending method
0

D

Product solution (wramyl nitrate )
UO2(H03)2

Production system of UNH in the Joyo 4™ Campaign (1986-1988).

JCO UNH Production Process in the JOYO 6th campaign (1993)

+ Uranmum exide punfication

G == SN oo B oo [

Uranyl nitrate solution production —#

|Re—d|55u]u:|.en |_|.|Hemg\=miza:on

Feduction fimmace

Drissoluton| (Hydrolbysis
entrance: glove box

Exmacton | (Pure uranyl mitrate
tank cohumn

Precipitation (Calcimer
cobomm solution storage ta t

tank
HWO, (mitric acid) NH,

7

Uranyl nitrate solution
U0, (NG,

ADU

Punfied powder
(WEL .U, 0 %

U0,

Figure 4.5.

T 505 vessels phus
10 Product vessels

SIS vessal

Cross-blending method

Product sohation  (uramyl nitrate)
U0, (1¥0,],

Production system of UNH in the JOYO 6™ Campaign (1993).
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JCO UNH Production Process
in the JOYO 7th campaign (1995-1996)

# Uranium oxide punfication 2 Uranyl nitrate solution production —

P?ecipitan:*—pka]cinaﬁo:ll — |Re—d:issolmiﬂ:l J—pl}[mgemm |

SUS vessel| (Palyethylens| [Extracton | |Pure uranyl nimars Precipitation (Calciner | [Raduction fumace SUS vessel Pure uranyl nimate
resse] column solution storage ta tank irance: glove box solution storage t

JOYO Tih
95/10~ 962
JOYO Bth
06/8~08/11
HNO,
“.m_k_imﬁ; acid)

5 -;Im-: U /\ Ny

Product vessel

Uranyl nitrate splution ADUT ’ Purified powder
U0, 0}, (NH,), U0, 0,

(10L)

Product soluton (wranyl nitrate)

(raw material) UO,MNO,),

Figure 4.6. Production system of UNH in the JOYO 7" Campaign (1995-1996).

JCO “Joyo” UO2 Production Process in the period of 1996-1998

- Uranium oxide punfication + Eeduction’ Blending -
= e e e B s vy

Pol}emfcl.enﬂ [Ext’action] [Pu.ne uramyl mta:J [Pr&:lpl.k‘.lio:l] (Calciner
firnace Can

veszel column solubon storage 1= mnk
Cross-blending method

Eaduction
furnace

enfrance:
glove box

[SUS “5521

HINO, (nifmic acid)

NH,

7,0,

e’

(10L) Uranyl nimate soludon  ADUT
) Uo,m0., (NH,U,0,

Figure 4.7. Production system of JOYO UQ; in the period of 1996-1998.
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JCO UNH Production Process in 1999/09

* Uranium oxide purification

(Sroregd) (Srora gl Precipiaion| p{Calcnasion

* Uranyl nitrate solution production =—

e |R.&d155-n1u:mn I_.IHmog\emzztiu:l |

[‘:-L'S wsselJ [Pal:.\eth:.'lemj [E.&Iac?jonJ [Pu:eumr-‘l ni:a;;J [Preclpcimﬁ.cl:j (Calcimer [Redncti.u:l farmace J

vesze]

cobunm solution storage t tank

entrance: glove box

[SL'S v.-melJ [ Precipitation tank J

NH,

(ammonia]

Work
Flow (2 Cool
\ T ) i
/ < [—s

0 r =
U0 {Tray)

et Uranyl nitrate soluwtion ADU Purified powder
Powder Uo,MN0,),  (NH)U,0, U,0,

(Taw material)

Figure 4.8.

tvessel
Product solution (uranyl nimase)
0,40y,

Production system of UNH in September 1999.
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Photo 5.1. Bird eye view of near the JCO site in Tokaimura, Ibaraki.
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Photo 5.2.

Photo 5.3.

Stainless steel beaker.

Precipitation tank
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Photo 5.4.

Photo 5.5.

Working clothes for water draining.
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Photo 5.6.

Photo 5.7.

Pipe connection to be broken (a snap shot).

The precipitation tank with a hose for injection of boric acid.
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Wall

Figure 5.1
accident.

1000

100

10

Y —ray dose equivalent rate (u Sv/h)

1

Working situation of severely exposed three workers in the criticality

Begin water draining work

l End water

L L Il L L

l draining work

8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:00
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Figure 5.2.
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Records of a gamma-ray monitor in the JCO facility.
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JCO.
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-—--—  Boundary of site

To Urizura-machi --—-—  Boundary of peripheral monitoring area

National Route 6
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g
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Figure 5.5. Neutron and gamma-ray dose distribution map at JCO site at around 17:00,

September 30.
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Figure 5.6. Locations of JCO, the Naka Fusion Research Establishment of JAERI
(JAERI Naka) and Mitsubishi Nuclear Fuel (MNF). MP-1 and MP-2 indicate monitoring
posts in the JAERI Naka.
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Burst : 2 ~4 X 107 fiss.(12%) _
Plateau : 2.1~2.3 X 10'8 fiss. (88%)
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Figure 5.9. Time dependence of released fission power.



Reactivity Calculation of Cooling Water for
JCO Precipitation Tank (September 30)

Tank geometry
Tank diameter
Tank thickness
U concentration
Acidity

Solution volume
Water thickness

2-D, R-Z
50 cm

3 mm
370 g/liter
1N

50 liter
2.5cm

. Cooling
U Solution Walor
Calculation Model

Library : ENDF/B-V

Calculated kg4

With Water
Without Water

1.0442
1.0008

SRAC
Code system

Cross
sections (17gr)

] TWODANT
et 2D, Sn transport
code

Figure 5.10. Simplified calculation model of the precipitation tank prepared in the night
of accident (September 30) and balance of estimated reactivity change before and after the

draining of cooling water.
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Figure 6.1. Local map indicating the area enclosed by the bold line, for which
evacuation was implemented. The circle shows a 500 m radius from the CTB, and circled
numbers indicate positions of radiation monitoring.



Figure 7.1.

Figure 7.2.
y-ray dose.

—- | Estimation of posture

Adjustment

Analyses of skin lesion and induced
activity in bone samples of workers

1 Feedback

ii

Procedures for establishing calculation geometry. (a) Upper: positions and
postures recounted by the workers; lower: final estimation by NIRS. The position of left hand
of Worker A is different from the upper model. (b) Behavior experiment at a mock-up facility.
(c) Established geometry for computer simulation.
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Absorbed dose distributions in the skin of Worker A. (a) Neutron dose. (b)
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Figure 7.3. Absorbed dose distributions of neutrons and vy rays in the trunk of Worker A.
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Figure 7.7. Fitting curves of the measured data.
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Figure 7.8. Estimates of doses for the residents.
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Figure 7.9. Locations of monitoring stations (denoted by red) around the JCO site.
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Figure 8.1.

Crltlcal Care

Traumatology

Dermatology

Medical Network Council for Radiation Emergency. The Medical

Transplantatlon
Medlcme

Emergency Medicine
Health Physms

Network Council for Radiation Emergency was established as an advisory and supporting
framework complementary to the NIRS’s function in July 1998.

_ Symptoms
Time Events T;Zle,daef;:r Worker A B ©
mn vomiting | diarrhea | vomiting | nausea
10 : 35 | The Criticality ] 0 = o
10 : 43 | Ambulance was called 8 =
10:46 | Ambulance arrived . 11 = %
3 | naus
11 : 27 | Workers were on the ambulance 52| @ =m— —9
11 :49 | Ambulance left n 74 == —
12 :07 | Arrived at National Mito Hospital 92 = =]
13 : 43 | Left National Mito Hospital 188
14 : 16 | Helicopter left Mito Heliport 221 —_
14 : 45 | Helicopter arrived at Chiba 250 ”ausg
14 :58 | Left Chiba Heliport 263
15 : 25 | Workers arrived at NIRS E‘ 290
Figure 8.2. Prodromal symptoms of acute radiation syndrome in these three workers.
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Figure 8.3.
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B and C during the first 11 days are depicted with diamonds, rectangles and triangles,

respectively.

Hematologic data of the patients. (a) Peripheral blood counts of Workers A,
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Figure 8.4. Clinical course of Worker A. G-CSF: granulocyte colony stimulating factor,

mPSL: methyl prednisolone, PBSCT: peripheral blood stem cell transplantation, Gl:
gastrointestinal, WBC: white blood cells, Neu: neutrophils, Lymph: lymphocytes, G-CSF:
granulocyte colony stimulating factor, mPSL: methyl prednisolone.

Adapted and modified from Chiba S et al. Bone Marrow Transplant. 29:935-939, 2002 and
Futami S et al. pp142-153, IN: International Symposium on The Criticality Accident in
Tokaimura: Medical Aspects of Radiation Emergency (Proceedings). Tsuji H and Akashi M.
(Editors) NIRS-M-146, 2000
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Figure 8.5. Clinical course of Worker B.  G-CSF: granulocyte colony stimulating

factor, mPSL: methyl prednisolone, CBT: cord blood cell transplantation, WBC: white

blood cells, Neu: neutrophils, Lymph: lymphocytes Adapted and modified from Nagayama

H et al. Bone Marrow Transplant. 29, 197-204, 2002.
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GIT decontamination
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Figure 8.6. Clinical course of Worker C. GIT: gastrointestinal tract, G-CSF: granulocyte
colony stimulating factor, WBC: white blood cells, Neu: neutrophils, PlIt: platelet,

Lymph: lymphocytes
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Figure A.11.1.
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Results of reactivity calculation.
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Calculated power at the first burst.
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Figure A.11.3.

Figure A.11.4.
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Figure A.1l.5.  Results of optimum parameters survey by quasi-steady state method.
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Figure A.11.6.  Power profile for whole period calculated with quasi-steady state method.
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