
J A E R I - T e c h — 9 7 - 0 0 7

JAERI-Tech
97-007

1997 #3^

Japan Atomic Energy Research Institute



Af-OlRjftfr-eii. U*F£7-/jflfftffifflft1fmaWftffi#i(* (T319-11

ft ft
(=f319-l

This report is issued irregularly.

Inquiries about availability of the reports should be addressed to Research Information

Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,

Tokai mura, Nakagun, Ibarakiken 319 11, Japan.

© Japan Atomic Energy Research Institute, 1997



JAERI-Tech 97-007

(NUCEF)

UCEF

it

7 ^ 1 ^ 2 8

(NUCEF) (STACY)
(TRACY) ?

T 3 1 9 - I I

+ 2

*2 HW

(ft)

3 < itt- i o T 4



JAERI-Tech 97-007

Outline of a Fuel Treatment Facility in NUCEF

Susumu SUGIKAWA, Miki UMEDA, Junya KOKUSEN, Masato NAKAZAKI

Kouichi SHIRAHASHI, Tatsuro MATSUMURA, Hiroshi TAMURA*', Masao KAWAI*2

KenichiTSUJI,*3ShoichiTACHIMORI+',NaokiIZAWA and Masayuki NOMURA+2

Department of NUCEF Project

Tokai Research Establishment

Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 28, 1997)

This report presents outline of the nuclear fuel treatment facility for the purpose of preparing solution fuel used in

Static Experiment Critical Facility(STACY) and Transient Experiment Critical Facility(TRACY) in Nuclear Fuel

Cycle Safety Engineering Research Facility(NUCEF), including descriptions of process conditions and dimensions of

major process equipments on dissolution system of oxide fuel, chemical adjustment system, purification system, acid

recovery system, solution fuel storage system, and descriptions of safety design philosophy such as safety

considerations of criticality, solvent fire, explosion of hydrogen and red-oil and so on.

Keywords : Uranyl Nitrate, Plutonium Nitrate, Dissolver, Evaporater, Mixer Settler, Purex, Purification,

Solvent Recovery, Acid Recovery, Process Design, Safety Design

Part of this work was carried out by Japan Atomic Energy Research Institute under the auspices of the Science &

Technology Agency of Japan.

+1 Department of Fuel Cycle Safety Research

+ 2 Nuclear Technology and Education Center

* 1 Kobe Steel, Ltd.

* 2 JGC Corporation

* 3 Mitsui Engineering & Shipbulding Co., Ltd.



JAERI-Tech 97-007

4 .

5 .

6 .

7 .

i. it i:

2. -/n-txofcEg 2

2. 1 £#Rtt-*ft 2

2.1.1 aia*ft&# 2

2.1.2 #$&$- 3

2. 2 yn- tx 4

2.2.1 $ff£ 4

2.2.2 m*E% 4

2 . 2 . 3 ffiS£ 4

2 . 2 . 4 »&®W% 5

2 . 2 . 5 mmw% 5
2 . 2 . 6 &%imftVri&% 6

2 . 2 . 7 *-7if*%iWh 6

2 . 2 . 8 ¥&&*&& 6

3. gS<7)#E^ 7

3. i m&mmikffi 7
3.2 m&mm 7
3 .3 mmwiffi 8
3.4 mmmm&ffi 9
3 .5 Bmn®tkffi 9
3.6 mum^^mmm 10
3.7 n^yywiffi 10

3 . 8 %-g.Wtffi 11

11

11

12

12

1 mm%<kmf 12
2 'X& • ®m±mf 13
8 . 2 . 1 ^r«?s&*9ii»ih 13
8 . 2 . 2 TK^'Ji^Klh 14

8 . 2 . 3 U7 K̂ ->f ;H»*Kih 14



JAERI-Tech 97-007

8.3 mm• i t f f i a j f s i t 14
8.3 . 1 WJiaJtKft 14
8.3 .2 »/±§aj£KIt 15

8. 4 i i - ^V^ I f 15

9. fcfrl) H 16

^ # 16

16

# s ^ h 65

#112 ^tf^^K 80



JAERI-Tech 97-007

Contents

1. Introduction 1

2. Outline of Chemical Process 2

2.1 Basic Design Condition 2

2.1.1 Operation Condition 2

2.1.2 Fuel Condition 3

2.2 Chemical Process 4

2.2.1 Dissolution 4

2.2.2 Chemical Adjustment 4

2.2.3 Purification 4

2.2.4 Solvent Recovery 5

2.2.5 Acid Recovery 5

2.2.6 Fuel Storage 6

2.2.7 Off-gas Treatment 6

2.2.8 Reagent Preparation 6

3. Outline of Process Equipments 7

3.1 Dissolution Equipments 7

3.2 Chemical Adjustment Equipments 7

3.3 Purification Equipments 8

3.4 Solvent Recovery Equipments 9

3.5 Acid Recovery Equipments 9

3.6 Storage Equipments 10

3.7 Off-gas Treatment Equipments 10

3.8 Vacuum Equipments 11

4. Layout of Equipments 11

5. Operation and Control System 11

6. Ventilation System 11

7. Power Supply System 12

8. Safety Considerations 12

8.1 Criticality Safety Design 12

8.2 Protection of Solvent Fire, Hydrogen Explosion and Red-oil Explosion 13

8.2.1 SoventFire 13

8.2.2 Hydrogen Explosion 14

8.2.3 Red-oil Explosion 14



JAERI-Tech 97-007

8.3 Design of Seimic and Pressure Strength 14

8.3.1 Seimic Design 14

8.3.2 Pressure Strength Design 15

8.4 Shielding Design 15

9. Conclusions 16

Acknowledgments 16

References 16

Appendix 1 Equipment List 65

Appendix 2 Photograph of Equipment 80



JAERI-Tech 97-007

Research Facility) I t

( N U C E F : Nuclear Fuel Cycle Safety Engineering

(STACY) (TRACY)

mmmm

. mm. mm, mm,

, 3

1 1

4 o

- 1 -



JAERI-Tech 97-007

2 . 7° a -fe 7s

2.1.1

(i)

A?L, 1 0%i3

>*6 %ft

STACYStliTRACY

o



JAERI-Tech 97-007

( 2 )

W (MOX)

m (MOX)

STAC Y

L,

STACYSff^Rfffiffl

h -

J; 19

2.1.2

- 3 -



JAERI-Tech 97-007

2.2

2.2.1

1 0

ht 1.5

, 7 N

^ ^ t , 1

- h \Z.«t «9 IAfcfcl

U

2.2.2

t K t F

o P Pm

2.2.3

- 4 -



JAERI-Tech 97-007

(1613:) ;;:&*&u 3 O % T B

FP%

(HAN)

2.2.4

( 4

L

2.2.5

i* L

(r J:

— o



JAERI-Tech 97-007

2.2.6

o o gu/i m 25ogPu/i

2.2.7

2.2.8

- 6



JAERI-Tech 97-007

3. '

3.1

(31)

MOX 0.

l 4 O °C

3.2

(2®, (21)



JAERI-Tech 97-007

mm 2 51 /B#

5 0 0 g U / l (

3 0 0 g P u / l

i 3 o°c

T i$^ (P

S U S - 3 0 4 L

3.3

P uiS*tttb«,

OS),

: 1 0 1

5 : 0 . 6 8 1

-fe h 7 U : 2 . 8 6 1

( 1 2 g )

5 (2S)

: 7 9 mm)



JAERI-Tech 97-007

3.4

l o l /B#

h ( 4 0 °c)

3.5

1 5 0 1

S U S - 3 1 O N B

S U S - 3 1 O N B

- 9 -



3.6

1 0 >ffl

JAERI-Tech 97-007

(2i),

3 8 0 1 I

4 2 0 1 3

3 8 0 1 I

4 2 0 1 i

2 4 0 1 1

2 8 0 1 I

3.7

-ILft

(21)

3 .

- 1 0 -



JAERI-Tech 97-007

3.8

(21)

^ 1

^ 5

^ 5

4 .

5 O~7 0

5.

fflffllt, %*MM (vi)

e.

- 1 1 -



JAERI-Tech 97-007

-7i$ y --?if, y

7 .

tt, (EABI, EAI, EBI) b'*yJr V

m-2\

(UA

, DDCS^fi,

(EAI,

8

8.1

So

ttttlS,

P u

- 1 2 -



JAERI-Tech 97-007

\ P u O 2 -

©

C J : 19

ii: (keff+3

• 3 0 cm

• 3 0 cm

0.005

0 - 1 5 . * - 3

8.2

8.2.1

% 7

- 1 3 -



JAERI-Tech 97-007

xn.

8.2.2

(4%)

8.2.3 Uy

i-65 ^

8.3

8.3.1

- 1 4 -



JAERI-Tech 97-007

* £ f c , •?>

c
t

( J E A G - 4 6 0 1 )

8.3.2

( 0 . 9 kg/cm!)> L T

. 4 kg/cm2

\ ^JBE^r 1 . 0 3 kg/cm2

! -4 m£ , 6 0 °C

8.4

Sv/hr

- 1 5 -



JAER]-Tech 97-007

9 .

( 1 )

( 2 )

- 1 6 -



JAERI-Tech 97-007

: - 1

i Q%m<feyyyw&

e>%M%&<yy >-&<&

y°suh~<yj*mm

Vyy&^mm

m &

180~500gU/l

350 ~ 500 gU/1

350 ~ 500 gU/1

0 ~ 0.2 gGd/1

1 0 - 3 0 0 gPu/1

20 ~ 300 g(Pu+U)/l

20 - 300 g(Pu+U)/l

0 — 0.2 gGd/1

250 kgU

500 kgU

500 kgU

60kgPu

60kgPu

150kgU

60kgPu

150kgU

- 1 7 -



JAERI-Tech 97-007

; - 2

* «

EAB^

E A ,

E B l

UA,

UBI

. •+}->•

• GB

• DD

Tpi- L7C

#

C S
YF'M.

)

•«^>h^iiB

• ^ I H ] J | X ax iS (til

ffi

mm*****

-mm

m

EAB

EA, EB

UA, UB : M

- 1 8 -



JAERI-Tech 97-007

CO

I

'*

A

r

. s
n

o
2 :

1

r>
CD
2 :
*—*'

N

CD

1

fcf
1
N

O

/if ^

f—*

c_
" /<« i
CM \ T |

^ J* • j

CD Ey

o_

c l fe^
CD

0 -

« >M

•?^ -^^
;—1

**• \n

1 /

a ^ 3
CD X
^^ CO

S <ra

co E3 s~e

^̂ -5 z

^ £S Si

CM
•

CO
r—H

CM

CM

tel

1

C M

C O

c—
0

•

—<

LO

CD
CM

1

LO
CO

CD

=1
|

<!? B

« * -

•

CD

CD

T—<

tel

I

CD
•

CD
>

LO
c—
CD

tg s

LO

CD

C_
oa
*»*

LO

CD
*—4

= 3
OS
V *

t—I
- C "

tej

3

c_

CM
•

CD

3
CU

bO

LO
a

= 3
to

CO
CD

tej

•
co

CD

m~

CO

0 0

tel

1

CM

CO

tej

i
L O
C—

CD

*i«
- 1 9 -



JAERI-Tech 97-007

\

« m
» s
n£ -a

•ft

m

w

+•

m
m
G

*

£< AJ

m
m
w

<

1 ^
^ ite
o 8S
£ St
£ E E ~

ft

s u m
A -^

r-1

1!

^ _ )
£ AJ
« 1

« AJ

G \ * * S

a-

D

o

1

•̂  st

ft

s
A
1|N

*

%

ft
D

w

• ^ S
* • «
^ ^
12-^
ifeAJ

G a
p^

^<

G ' - R

* j _>

Q

^~&

^ 9t
gi-

ft
ft

m
w
A
ih
•Dv

m
D

n

<
10
i—i

^ «s
• &c

<:

gnu
ttefll

i i

P

u

^ d
g ^ VII

ft
ft

A

•CN

Ê
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mm

1 i

2 :

5 : Pui^tt ffi & Oft it

jg A

5 PuS A

7 :

X* <D

10 :

- 5 7 -
NEXT PAQE(8)

toft BLANK



JAERI-Tech 97-007

15 # ^ Sfe S& i t

-59-60-



JAERI-Tech 97-007

2 :

IS

- 6 1 -
NEXT PAGE(S)

left BLANK



JAERI-Tech 97-007

— 16

-63-64-



JAERI-Tech 97-007

K

nVh

1

\

o
o
CM

U

1

P

JB

-R
ty

m
m

m

i

s

+d

s

*

i

o

12
5

c
o -a:o •
LD B
1

- ^ s
o ^^

SU
S3

04
L

i

•R

-ff- 00

IE S
H: x
K>J t r : CM
fifl CM —i

D

G
-V

E
-1

21
01

^^ o
S3 ^

iial g

- 6 5 -



I

# 12200 &faPri

(G-GB-12206)

G-VE-12211

A, B

G-VE-12215

G-VE-12221

G-VE-12225

A,B

U W W .

«».

*™

2

1

1

1

« K ft ft

naiw
^ * : 851/S
788/698DX1170H

^ 4 : 1001
5OWX15OOLX175OH

W * : 1201

988/898DX1280D

HHHf
§ 1 ; : 1201
988/898DX1280H

SUS304L

,f !)xf ^

SUS304L

SUS304L

J' 'Jxfky

SUS304L

*' 'Jxfvy

* * m

tan-

0. 9/0. 1

0.9/0. 1

0. 9/0. 1

0. 9/0. 1

eg/cm2

-100

mmAq

-100

HiAq

-100

•imAq

-100

oaAq

60

60

60

60

mm

«

S . ifnn.

>
m
2



JAERI-Tech 97-007

X

IK

n
Ana

\

S3
Si

o
CM
CM

«

P

ng

a
u

\

•R
by

m

Una

m
m

rtna

as
m

*

w

E an
i S „
£< K "r

M Si *)

LO
to

o
00

a"
o -c
o a
—' a
i

-: ^ S
^ ta ^
o ^̂

_J -~s
• * -A ^
O •€> >K
CO ' " H
tO - =^
^J -t- .
C/> -f* +S

« |

3 x
CM a
-H 00

« •• s
R (I x
T. W g

CO

ft
z:

S3

CM
CM

1
u
>•

1

o

LO
1

m
&
m

LO

Io
CO

o
=0

-1
00 m
m

Aq
-: -. m
^ by ^
°! -E:
o ^

—1 A
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O -Ĉ  >K
co ' " H
CO » =v
13 -^- .
CO -« +S-

=c
o
LO

- , X
CM ar~ oo

flu o5= LC

B: {* 2

f -H

*

*

3
a.

G
-V

E
-1

22
05

LO LO
1 O

y ^ CM
— ^

i g

- 6 7 -



m.%% v

i
00

# 12200 &mPr\

(G-GB-12202)

(G-GB-12202)

(G-GB-12202)

m tthj so- / * / t̂a gg

« . •

G-EX-12211

G-EX-12212

G-EX-12221 ""5.

•
* f $ : 15OAX25OOH
!l**-f7 : 150AX1550H
fi>?ftiBfll : 1. 9 HI

*** Hfll

V «

125AX 1543LX2

{n^ffi^l : 1. On!

15A/32AX 1731X6®

fcj$itBfil : 0. 7in

•II

mm

SUS304L

SUS304L

SUS304L

SUS304L

SUS304L

SUS304L

SUS304L

^ ^ i ^ i

EEJ] kg/cm2

13:1+

2.2

0.9/0. 1

0.9/0. 1

3.4

0.9/0. 1

3.4

0.9/0. 1

1.75

-500mmAq

-500mmAq

2.5

-500 B B Aq

2.5

0.3

im.lS. °c

asm

135

120

120

60

120

60

120

130

105

105

15/18

105/30
(An/an)

15/20

(AQ/HiQ)

105/30

(An/mn)

PLS

mm*?*

PCW

PCW

•mn*

>
2
T*
H



I
tr>

# 12200 mn&m69 fBll 9̂* itni / 1JH fi!

(L-GB-12201)

(L-GB-12201)

(L-GB-12201)

— •

L-EX-12201

L-EX-12202

G-EX-12203

i

i

i

ft US ft fll

#{£ : 100AX3310H

!I*M7 : 100AX2500H

X 2 S

fE^Effl : 3 .0ni/2S

jpdu

*n

*7A

125AX1543LX2

•fSfPSoSfil : 1.0 m

15A/32AX1731X6S
iS^iB'ffl : 0. 7ni

mm

wm

mm

««

Ti(TP35 )

Ti (TTH35)

Ti(TP35)

SUS304L

SUS304L

Ti(TTP35)

Ti(TTP35)

E * kg/a . 2

Rlf

2.2

0. 9/0. 1

0. 9/0. 1

3.4

0. 9/0. 1

3.4

0. 9/0. 1

1.75

-500nnAq

-500mmAq

2.5

-500fflfflAq

2.5

0.3

135

135

135

60

135

60

135

&m

130

120

120

15/18

(AD/HID)

120/30
(An/iHn)

15/20

ttn/Hin)

120/30
(An/iiin)

PLS

PCW

MM

pew

2T



m.*& v

i
o

# 12300 &mPrl

nrK J$L "^ ( I ) ~~ 7

Jr%t ̂ t -y ( I ) ~T

» . *

G-VE-12301

L-VE-12311
A, B

L-VE-12321

A-C

TuJ 7JG TlX TW rtj D

1

2

3

« is ft m

87/
D. 688/598 X1300H

lioi/S
D. 563/473 X1850H

591/S
D. 322/232 X1820H

SUS304L

f 'Jifwy

SUS304L

$' !)ifuy

SUS304L

J" !lifi/y

* li

» « •

0.9/0. 1

0.9/0. 1

0.9/0. 1

-100
mmAq

- 1 0 0
•nAq

-100

moAq

tttf

60

60

80

«

60

2



JAERI-Tech 97-007

X

am
m

m

$&
m
ss

o
o
CO
CM

I

P

a
u

•R

lid

s
1

1
- 4 -
flriQ

t i

1

as
*

n|r>

as

fin

si
i

o
to

-1
00 mm
Aq

^ ^ by
| by £

o —*

—1 A

O o . •*-,
CO ' " H
to - =v

to - R +&

9 A
m x

^ 2

^ X

a*, to to

as
a

L-
MS
-1
23
01

a S3

ffl 3
& ±

mg

i

oto

o -c
o a

i

- -. S
O IjJ ~J--̂ ^ Gj ^\
cn IT"1

o ^-"

_j

o cv
CO " '
t o •>

tO -F*

£ A

¥ A

3tS

*

L-
MS
-1
23
11

-^ o

m 3

o
to

o
oo

bynm

00T
-

~: \ by
| by *

o -^

—} -N
f -4 ^

CO " ' H

=5 *•*- T"
to * t •**

£ A
* X

« x

M ^
_L ' ' / *

•fr -

j A CM (N

B

L-
MS
-1
23
21

CM

M 3

o
to

o
CO

cr
o •<
o a

i

O I !] —t-
^ ^ Ly "̂ v

o ^^

CO ' "

to ^=t

9 A

¥ A
4* X
• * • - •

as

D

L-
MS
-1
23
31

CM

^ o
ei CM

i

fill 3

- 7 1 -



#12400 &mWt

„«

(L-GB-12404)

L-VE-12431

««

«. 175/
D. 563/473 X2740H

SUS304L

*' 'Jxf w>

If H

Hi^7 kg/cm2

0.9/0. 1
-100
noAq

tttt

60

2



JAERI-Tech 97-007

X.

o
CM

m

*

m

i

m

k

o
o
CM

I

P

m
Eg

au

•R

m

1

1
Una

IS

*

n|r>

38

fin
BS
IS

o
to

o
00

-1
00 mm
Aq

-: ^ §
O LLJ «£-

_J -N

O Cs >^
CO "' H

tO -F* \ i

^ A
'-N N

•V X

38

L-
MS

-1
24

01

i 1
fiH g

o
to

o
oo

-1
00 mm
Aq

^ ^ Q^ m *
Q) IT*
O ^*

CO "t~̂
CO '"

£ A
3? X

SK x

•fJ A

•Vr - >

i-H

L-
MS

-1
24

11

> • •»»"

m g

- 7 3 -



£-21

# 12500 &mM\H fjy "9"/iiij / W ^ v*> MSMIB -i

. . . .

(L-GB-12501)

G-T-12501

««.

NO.»,

Sic

1

« H ft «

400AX3154H SUS304L

i§ fll H |

ffi^ k g / - '

0.9/0. 1
-600

mmAq

axol

60

teas

>
re
S



JAERI-Tech 97-007

CM
CM

m

m
ft
m
§
m
to
SI
\
&

«
oo
CD
CM

p

Fj

a
u

- \
Jf
•R

- + -
ftna

ma

a
1?

SB
$

c)r>

mm

13
0

13
5

1.
75

CM

CM

SU
S3
10
Nb

IPs

11
8

13
5

CO

o

- ^ s
^ ta *
en ^
o -̂>

SU
S3
10
Nb

gnu

11
8

13
5

-0
.0
8 /0
. 
3

- v̂  S
^ tH £
en s

o ^^
SU
S3
10
Nb

- 4

o o - \

v ^ S «
A X X co
•L- § § "S
h T ^ . ^ h

•fr us s a? •*-
^ V < V B *N
h !& IN A flg ^
X =N -R -^ J^ X

^?
Km

&

L-
T-
12
63
1

a

- 7 5 -



JAERI-Tech 97-007

CO
CS1

m

E
ft
1

m

mm
R

o
ID

n

P

Pj

su

•R

m

s
- + -
flnn

1
-4-

u

m

*

nm

sta

*—*

o ^^ ^

\ a a
O y

12
5

o «e
O B

i

^ ̂  s
~\ lii *t?\
C5 ^

SU
S3

04
L

cj Li dd

o

CO

SU
S3

04
L

IS ^
J™ ^E o

©I co 2

I
u

•3 " C
D
s)
-t

:

j

3

Ef

- 7 6 -



JAERI-Tech 97-007

K

IS

1

Si

\

m
ss

o
o
CM

s

p

oj

a

•R

tid

1
ttiia

flliQ

-

1

1

13
0

13
5

1.
 7
5

CM

CM

SU
S3
10
Nb

I

I
!
i
^
r
>
i

© ^ n

n • a

12
5

-0
.0
3

" ^ S
^ Hd ^
en JT*

z
o
CO
oo
00

fin

o

12
5

-0
.0
3

n. ̂  S
1 m *
o ^^

SU
S3
10
Nb

3 g
£ = S
£ O CM
« CO w
il —•
M CM O

\ x s "a
_ <c oo
^ © a CD
^ CO O 00

\ lf\ 1 ; j f
J Y "4 S

a

L-
EX
-1
26
31

H

©

- 7 7 -



JAERI-Tech 97-007

in

I

*

fe
i

CQ

JL.

, \

X
m\

k

oo
CO

i

a
u
u

•R

m

i
(Iti a

S3

1
flllQ

m

m
id

5

n)r

SI
*

mm

o

o

-1
00 m
m

Aq

O ] i] _i-

\ ti! T
o ^

SU
S3

04
L

i
o
o

S "*
1T\ g i CO

^ »< CM

\ -̂ c o

^ lo oi

\ M ^

K ifc

•k

L
-T

-1
3

7
0

1

1 o
JMll t ^ -

* 7

- 7 8 -



JAERI-Tech 97-007

K

SBC

1
A

m
I f

\

Tina

mft

o

13
10

s

p

B
u

•R

5

flna

flnn

S3

i l
*43
E E

~t£
^ ^

So

M

ate

m
ttna

o
CO

o
CD

LO
CM

d

- ^

^ Hi

© ^

_ ,

^ * *^
CO ' "
e n •>

r«

wj
o
CM

"ft-

S- Mi

m

ft

©

CO

1

c

i f

1
I

s

=-

X
h -
CT>
L O
CVJ

X
s
o
CD

X
_J

o
CO
CO

/B
/C

i

CD

B
/C

!

©
CO

©
co

i n
CM

©

© ^

© -t^
CO ' "
CV3 »

3
LO

^ ^

o
00
CO

•ft-

Eh &

T—4

ift

D

CM
O

CO

1
t u

1

1

1

s

-N
\

H

+S-

©

CM

X
3
O
CD

X

o
CO
CO

i
m

-
©

d

©
CO
00
!_->

to

a-

©
CO

©
CO

CM

d

a
c

—̂r r f

*

00

^ ^

3CM

to

—

ft

D

CO
©

CO

1

1

o

1

ft

s

H
= ^
' •»

x

CTl
L O
CM

X

©
co

X

©

CO
CO

g

-
©

d

o
CO
CO

CO

a-

©
CO

©
CD

LO
CM

d

1±J
•EZ

—̂
I f f

*

\ 
(10

L O

533]
^ ^
©
3 0
CO

g
ft

©

CO

i
OJ

1

t > -

{fffl

ft

s

H
= ^
+S-

X

©

CM

X

0
CD

X

0

CO
CO

A

-79



JAERI-Tech 97-007

mm m

¥ M - 2

1
- 80



JAERI-Tech 97-007

^ — 3

- 8 1



JAERI-Tech 97-007

— 5 R m m it

6

- 8 2 -



JAERI-Tech 97-007

7

o

m & m
- 8 3 -



JAERI-Tech 97-007

1 1 - 9

- 10

- 8 4 -



JAERI-Tech 97-007

- 1 1 • m

12

- 8 5



JAERI-Tech 97-007

- 8 6 -



^ (si) t

* 5

ft

n
»,'
•it

tt

)'r<S

fi

ift
(4-

It
Ri!
<fc

i l l

m
it

ft

ft ft

y - r

+ o 7' ->

T y ^
•y ;u t

ft y x

7 y T

x T 7 y T

vi,

T

y

7

y

y

id v

m

kg
s

A

K

mol

cd

rad

sr

m

n
x ? .

I

•*

<8(>

• »

• J

»

-t?

)t
Bfl

M

/;
/"J ,

'L-+- . (

f .
xi tt
. I l l

'A
y 9 9

*

y -7 7

i- y 0

It.
) • * , *

•>1

<•>"

ft
7 y

7 y

x &

' ' ' i

*

A
/)
M
\n.
X

*

It
X

IS
*
It"

tt
y

--

• y

' )

7

t
y

T

' N

-t

IV

IV

-N

7

y

ft ft

/ ^ y

,» - b y

X ft /U

i - IV

, y

- o y

r 7 h

i .

t y ?*

t - - ' *

X 7

y ') --

V y 7̂ X )$

- i y

0 X

7 u >u

id'"j

Hz

N

Pa
J

W

e
V
F

n
s

Wb

T
H
°C
lm

lx

Bq

Gy

Sv

s '
m-kg/s^
N/m !

N-m

J / s

A s

W/A

C/V

V/A

A/V

V s

Wb'm !

Wb/A

cd • s r

lm/m!

s '
J/kg
J/kg

ft ft
'/>. »*. H
S . # , f>
'J y 1- VU

h y

« f- *" vi, h

Id if

min, h, d

1. L
t

eV

u

1 eV-1.60218x 10""J

1 u = 1.66054 x 10 "kg

ft ft
^" y -7 X f- a — A

/ ^ ~ y

' < - ; l /

# VU

v- y \- Y y
7 K

Id "I

A
b

bar

Gal
Ci
R

rad

rem

1 A 0.1 nm-10 1 0m

1 b-100fm i--10"m z

1 bar = 0.1 MPaMO'Pa

1 Ga|-=l cm/s ' - 10 ! m / s !

1 Ci = 3.7xl0l0Bq

1 R 2.58*10 'C/kg

I rad = 1 cGy- 10 'Gy

1 rem - 1 cSv " 10 : Sv

10"

1015

1 0 t !

10'

10'

101

10'

10'

1 0 • '

10 '

1 0 • '

10 '

1 0 '
10 l !

i o - ' s

l o - "

H
X

"5

T

+
y

+

T

•f

•fe

+
t"

7

T

9

7

tf

a
u

7 1-

•y

y +
')

/

j . i. 1-

Id ' I

E
P
T
G
M
k

h

da

d
c

m
,i

n

P
f

a

at.)
5 5I&. MRS

^ ^ L , 1 eV

1 ufflfflli CODATA m 1986«F)t*g

2. £4 itlii4>9(, / , I-, r - ^ ,

- ^ fc ft i t i t i ' j *> H 7S

3 barli, JIS Tiinft (*«/t:

mcffi ';* 20) ft T 3 'I -

•£„

4. ECWfflUftftf&ftTlibar, barnfoi

*l 1

m

r.

i

(t

I*

N( -lOMyn) kgf

1 ! 0 101972

9 80665

4.44822

1

0 453592

ft 1 Pa-s:N-s/m' ' 10P! f Y

,10 1 rnVs 10'Sti '• V 7 X j

J ' 10'tM-g) kgfTn

1 I 0 101972

9 80665

3.6 x li!"

1

3 67098 x 10

4 18605 0 426858

1055 0(1 107 586

1 35582 ') 138255

1 602 IK * I" ''' , 1 63377 x 10 J1

1

3 7 x | 0 : "

Ci

2 70270 x |()

1

Ibf

0.224809

2.20462

1

XHg/ fom-sM

c m ' / s i

kW- h

2 77778 x 10 '

2.72407 x 10 '

1

1 16279 x 10 '•

2 93072 x 10 '

3 76616 x l() '

4.45050 x 10 J1

">4 ! G y
U i"
S ! 1
•A

(I 01

it;

h

MPa! -10 bar >

1

0.0980665

0 101325

1.33322 x 10 '

6 89476 x 10 '

calUtt,A>

0238889

2 34270

8.59999 x 10s

1

Btu

9 47813 x 10

9.29487 x 10

3412 13

3.96759 x 10

252 042 1

0.323890 ' 1 28506 x 10

3.82743 x 10 " j I 51857 x 10

r a d !'A i

100 & ,
lit

j 1

kgf/cm^

10.1972

1

1 03323

1.35951 x 10 '

7 03070 x 10 '

1 ft • I b f

' 1 0 737562

7.23301

2 65522 x 10

1 , 3.08747

778.172

1

1 18171 x 10

C/kg_

1

2.58 x 10 '

a tm

9.86923

0.967841

1

1 31579x 10 '

6.80460 x 10 '

nmHg(Torr)

7.50062 x 10J

735559

760

1

51.7149

cV 1 c-al 4.

6 24150 x 1 0 " 4.

6.12082 x 10'" 4

2.24694 x H I " 4.

2 6 1 2 7 2 x | 0 - ( t . ( . f

6.58515 x | 0 ; 1 yC

8.46233 x 10 " 7 :

1

R

38
!,;

"6 ']

Sv

1

0 01

l b f / i n ! ( p s . )

145 038

14 2233

14 6959

1 93368 x 10 '

1

8605 J <„( W/i;

184 J (*Mt7-

1855 J (15 "(•)

868 J ( [K]P$*<i.

P S ! (AM, >)

kg f m ; s

5 499 W

rt-ni

100

1

' 8 6 If- 12 1) 26 [ I flirt




