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As a possible concept for commercialized Sodium-cooled fast reactor (SFR) core fuel, annular mixed
oxide (MOX) fuel with oxide dispersion strengthened ferritic steel (ODS) cladding was considered. The
capability of the annular MOX fuel pin under a high burnup condition was evaluated by a fuel
performance analysis code CEDAR developed in JAEA.

The fuel temperature profiles, fuel and cladding deformation profiles, and radial temperature
distribution at EOL were evaluated. Those results show that the fuel pin had enough safety margin to
fuel melting under the irradiation. Also, the profiles of pressure on the cladding inner surface and the
cladding deformation after irradiation were evaluated. Those results show that the gap of the fuel pin at
fabrication had enough width not to occur the considerable fuel-cladding mechanical interaction

( FCMI ).
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1. Introduction

In feasibility studies on a commercialized fast reactor cycle system in Japan, a sodium cooled reactor
core design has been investigated."” A fuel pin concept consisting of MOX annular fuels and oxide
dispersion strengthened martensitic steel (ODS) cladding has been considered to be one of possible
concepts for the sodium cooled reactor core.”

In this work, to investigate the capability of the annular MOX fuel pin under a high burnup condition,
some calculations of irradiation performances of the fuel pin were conducted by a fuel performance

analysis code CEDAR developed in JAEA.
2. Outline of CEDAR

A pellet type MOX fuel performance analysis code "CEDAR" (Code for Thermal and Deformation
Analysis of Reactor fuel pin) was used.” This code has been developed by JAEA. CEDAR is an R-Z
system code that has been verified by results obtained from irradiation tests in experimental reactors such
as Joyo; the range of burnup is ~130GWd/t, of LHR is ~440W/cm, and of cladding inner surface
temperature is ~923K. CEDAR models the thermochemical and mechanical behaviors of a fuel pin during
irradiation using 10 axial nodes, each having 26 radial nodes, 20 of which are for the fuel region and 6 for
the cladding region. Mass transports in the axial direction are not taken into consideration, except for
gaseous fission products released into the gas plenums and fuel-cladding gap. The stress-strain analysis
procedure based on the generalized plane strain is applied to the mechanical analysis, and the finite
difference analysis procedure is applied to the thermochemical analysis. Table 1 shows the evaluated

behaviors. Figures 1 and 2 show the geometrical model and flow chart of CEDAR, respectively.

3. Calculation conditions

Table 2 shows fuel specifications and irradiation conditions for this investigation. A fuel pin having
annular type MOX pellets with the ODS cladding was taken for this investigation. This fuel pin had a lower
and upper plenum regions. The irradiation time was taken as 3200days ( 4 cycles ). The maximum neutron
fluence was taken as 5.57x 10%n0cm™, then the maximum local burnup was evaluated to be as 249GWdt.
The coolant inlet temperature was taken as 668K. Calculations were conducted at the following 5 axial
positions; X/L = 0.9, 0.7, 0.5, 0.3, and 0.1. Axial distribution conditions at BOL and EOL of LHR and
cladding midwall temperature are shown in Fig. 3 and Fig. 4, respectively. Profile conditions of LHR and
cladding midwall temperature at each axial position of the calculations are shown in Fig. 5 and Fig. 6,
respectively.

These conditions are based on the current results of feasibility studies on a commercialized fast reactor

cycle system in J. apan.3)
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4. Results and discussions

From Fig. 7 to Fig. 11, the evaluated fuel temperature histories at each axial position are shown. It is
easily seen that fuel temperature decreased in the initial stage of irradiation and increased continuously in
the middle and later stage of irradiation. From Fig. 12 to Fig. 16, the evaluated fuel and cladding
deformations at each axial position are shown. It is easily seen that the gap between fuel and cladding was
kept open throughout the whole duration of the irradiation, except for the axial position at X/L = 0.5. From
Fig. 17 to Fig. 21, the evaluated radial temperature distributions at EOL of each axial position are shown. It
is easily seen that no anomalies were found in the radial temperature distributions.

It can be seen from Fig.7 to Fig. 11 that the increment of fuel temperature in the middle and later stage of
irradiation would not be attributed mainly to the gap conductance degradation due to FP gas release with
burnup. The CEDAR uses the following correlation for the dependence of the MOX fuel thermal
conductivity on burnup:

1

Mgt =
"1 cxBU
—+

where Aegr (W/cm/K) is the thermal conductivity of irradiated fuel having a local burnup of BU (MWd/t)
and temperature of T (K). A is the thermal conductivity of unirradiated fuel. C is the constant and taken as
0.2. Since the fuel thermal conductivity would decrease considerably with burnup based on the above
correlation function, the obtained increment of fuel temperature would be caused by the fuel thermal
conductivity degradation due to irradiation. Although the above correlation function has not been fully
validated in the burnup range beyond 130 GWd/t, the obtained results show that the fuel pin had enough
safety margin to fuel melting under the irradiation.

Figure 22 shows the evaluated profiles of pressure on the cladding inner surface. Fig. 23 shows the
evaluated cladding deformation after the irradiation. Since the gap width of the fuel pin at fabrication was
enough not to occur the considerable fuel-cladding mechanical interaction ( FCMI ), no contact pressure on
the cladding inner surface was calculated.

Therefore, it is concluded that the MOX fuel pin having the specifications and irradiation conditions
used in this investigation would be irradiated moderately up to approximately 250GWd/t with well
integrity.

Figure 24 shows the fuel centerline temperature of 1%Am bearing oxide fuel. Since the thermal
conductivity slightly decreases with Am content increase, fuel centerline temperature of 1%Am bearing
fuel is slightly higher than that of (U,Pu) fuel which is indicated as broken line in Fig.24. The difference
of these temperatures is limited within 10 degrees C. The contribution of Am on the fuel temperature is

not significant when the Am content is around 1% of heavy metal.
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5. Conclusion

Some calculations of irradiation performances of the fuel pin were conducted by a fuel performance
analysis code CEDAR developed in JAEA to investigate the serviceability of a fuel pin, consisting of
annular MOX fuel pellets and ODS cladding, under a high burnup condition.

The fuel temperature profiles, fuel and cladding deformation profiles, and radial temperature distribution
at EOL were evaluated. Those results show that the fuel pin had enough safety margin to fuel melting under
the irradiation. Also, the profiles of pressure on the cladding inner surface and the cladding deformation
after irradiation were evaluated. Those results show that the gap of the fuel pin at fabrication had enough
width not to occur the considerable fuel-cladding mechanical interaction ( FCMI ).

In case of 1%Am bearing fuel, fuel centerline temperature is high, but increase from (U,Pu) fuel is
insignificant.

It is deemed from the obtained results that the MOX fuel pin having the specifications and irradiation
conditions used in this investigation would be irradiated moderately up to approximately 250GWd/t with

well integrity.
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Table 1 Behaviors evaluated by CEDAR

Evaluated fuel behaviors

Temperature distribution

Stress-strain state _

Restructuring (pore migration)

Fission gas release

Pu migration

Oxygen migration (O/M ratio distribution)

Chemical reaction between fuel components and FPs in the fuel-cladding gap
(JOG formation and its effect on gap conductance)

Swelling

Hot-pressing

Creep deformation

Cracking

Evaluated cladding behaviors

Temperature distribution
Stress-strain state

Void swelling

Creep deformation
Cladding wastage

Creep damage
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Table 2 Designed fuel specifications and irradiation conditions

Item Unit Value
Fuel Type Annular pellet
Inner diameter mm 2.6
Outer diameter mm 8.74
Density %TD 95
Pu cont. (including MA) wt.% 193
O to M ratio - 1.95
Fuel colum length mm 1000
Plenum upper mm 100
A lower mm 1100
Cladding | Material ODS
Inner diameter mm 8.98
Outer diameter mm 10.4
Thickness mm 0.71
Irradiation duration day 3200
(lcycle : 800)
Max. LHR W/em 403
Max. Cladding midwall temperature K 897
Max. Neutron fluence(>0.1MeV) n/cm’ 5.57E23
Max. Burnup ( local position ) GWD/t 249
Coolant Material Sodium
Inlet temperature K 668




JAEA- Technology 2013-005

Gas plenum

Cladding

Fig.1 Geometrical model of CEDAR

Burnup calculation
(amounts of U, Pu, FPs)

!

FP gas release

'

Porosity distribution

!

—* | Temperature distribution
iteration

L Stress-strain calculation

|

Pu (U) distribution

i

O/M ratio distribution

i

Cladding wastage

l

Creep damage of cladding
|

Fig.2 Flow chart of CEDAR

Time step




JAEA- Technology 2013-005

450 r ¥ d T T § T

400 -

350 -
300 -

250 &,

LHR /W cm™

200

150 |

0 0.2 0.4 0.6 0.8 1
X/L

Fig.3 Axial distribution condition of LHR

1000

900 -

700 -

Cladding midwall temperature / K

P00 B I S T S S ]

500
0 0.2 04 0.6 0.8 1

X/L

Fig.4 Axial distribution condition of cladding midwall temperature



LHR /W cm™

Cladding midwall temperature / K

500 — T . T
400 ;"""""'"" —-— -—'“L-——-—-__—_-___“_’- """ ‘_ """"""""""""" -
300 ,_ .............. TSRO N SO USSR S A _
200 b ________________________ .
—X/L=0.9 |
S T SR R P X/L =07
00 SO S S OO S — X/L =05 | i
S T S R P X/L =023
== X/L=0.1
0 L L s P BRI B . e v o \ . - . |-
0 1E+4 2E+4 3E+4 A4E+4 5E+4 6E+4 7E+4 8E+4
Time / hr
Fig.5 Profile condition of LHR
1000 T T T T I',wu
Q00 oo H— ]
800 b= e e e e e R
700 Y I N NI N S sl N S % S % S § S—— ——— 0 l——n ]
—X/L =09
A e D X/L =07
600 J — XL =05] |
| e X/L = 0.3
== X/L =01
soo b ]
0 1E+4 2E+4 3E+4 4E+4 SE+4 6E+4 7E+4 8E+4

JAEA- Technology 2013-005

Time / hr

Fig.6  Profile condition of cladding midwall temperature



Temperature / K

Temperature / K

3000 1 1 T
Fuel inner surface
2500 o et esbrneneees s | mm— Fuel outer surface -
: : == Cladding inner surface
2000
1500
1000
500 | i ‘ | i i |
0 1E+4 2E+4 3E+4 4E+4 5SE+4 6E+4 7E+4 8E+4
Time / hr
Fig.7 Temperature profiles at X/L.=0.9
3000 . [
== Fuel inner surface
: ‘ L | mm— Fuel outer surface
2500 Leverrrennns S A o | == Cladding inner surface
2000 F o ore T SO T
1500 b
l"-.-"-. :
1000 T ‘-.-----’-‘-‘-_-‘.“-’--- """""""""""""""""""" """"""""""""" i
U —— +_":'_': ey L L ELE PR L PP EECE TS
500 ‘ | s | | i
0 1E+4 2E+4 3E+4 4E+4 5E+4 6E+4 7E+4 8E+4

JAEA- Technology 2013-005

Time / hr

Fig.8 Temperature profiles at X/L=0.7




Temperature / K

Temperature / K

JAEA- Technology 2013-005

3000 , _
Fuel inner surface
=====TFyel outer surface
2500 L " Cladding' mnner surface| o |
2000 b -
TS00 |t N
1000 I:.-“...!'-.___-_.- """"""""""""""""""""""""""""""""" """""""""""""" -
e —— e ———— ::‘".':'."'_" Soormmesmssssmsssssmrzzosnng
500 ‘ ' ’ ‘ ' ‘ i
0 1E+4 2E+4 3E+4 4E+4 S5E+4 6E+4 7E+4 8EH4
Time / hr
Fig.9 Temperature profiles at X/L=0.5
3000 |

----- Fuel outer surface

Fuel inner surface

2500 | " C‘ladding‘ inner surface

2000

1500 |

1000 TN o R ,,,,,,,,,,,,,, o ,,,,,,,,,,,,,, o

500
0

i | i i i i |
1E+4 2E+4 3E+4 4E+4 5E+4 6E+4 7E+4 RE+4
Time / hr

Fig.10 Temperature profiles at X/L=0.3

710_



JAEA- Technology 2013-005

3000 : ! : ! :

: 3 : Fuel inner surface

: : L m——— Fuel outer surface
9500 Lo - | Claddm;g inner surface |
2000 b S SRR S S -

Temperature / K

1500 o - — R— AR S— -}

1000 [ A AU SR — — )

| ! I ! 1 | \
0 lIE+4 2E+4 3E+4 4E+4 5E+4 6E+4 7TE+4 8E+4

Time / hr

500

Fig.11 Temperature profiles at X/L=0.1

0.46 , 1

0.455

Radius / cm

= Fuel outer radius
---- Cladding inner radius |

| i i I 1 I 1
1E+4 2E+4 3E+4 4E+4 5E+4 6E+4 7E+4 8E+4
Time / hr

Fig.12 Deformation profiles of fuel and cladding at X/L=0.9

711_



JAEA- Technology 2013-005

0.46 : : :

0.455
g 045
[&]
3
i-'g {
e 0445 ¢

044 b A— VUSSR SRR RO RS N S -

‘ | Fuel outer radius
N i Cladding inner radius
0.435 1 ' : : : : :
0 1E+4 2E+4 3E+4 4E+4 SE+4 6E+4 TE+4 BE+4
Time / hr
Fig.13 Deformation profiles of fuel and cladding at X/L=0.7

0.46 ] ; T ; ; I 1

0.455
g 045}
2
ks
~ 0445

044 Fov s — e s ~~~~~~~~~ _—
Fuel outer radius
e Cladding inner radius
0.435 i ' 1 : : :
0 IE+4  2E+4 3E+4 4E+4 5E+4  6E+4 TE+4 8E+4

Time / hr

Fig.14 Deformation profiles of fuel and cladding at X/L=0.5

712_



JAEA- Technology 2013-005

0.46 : : : . ! !
0.455
g 045
&
3 |
2 0.445 4
0.44 ............ |
| | Fuel outer radius
N Cladding inner radius
0.435 ! 1 | | T T
0 1E+4 2E+4 3E+4 4E+4 SE+4 6E+4 7E+4 8E+4
' Time / hr
Fig.15 Deformation profiles of fuel and cladding at X/L=0.3
0.46 . 1 : !
0.455
g 045
&)
2
=
0445
Fuel outer radius
O Claddmg inner radius
0.435 :
0 IE+4 2E+4 3E+4 4E+4 5E+4 6E+4 7E+4 8E+4

Time / hr

Fig.16 Deformation profiles of fuel and cladding at X/L=0.1

713_



T/K

T/K

JAEA- Technology 2013-005

3000 |
70 S S S S
D000 |- ]

1500 |
1000 -
500 }» . \ R | ;s A | : . | : | . : \ ' . .
0 0.2 0.4 0.6 0.8 1 1.2
R/Ro/ -
Fig.17 Radial distribution of fuel temperature at X/L.=0.9
3000 !
2500 -

2000 |
1500 -
1000 -

500 i

1 . i

0.2 04 06 08 1 12
R/Ro/-

Fig.18 Radial distribution of fuel temperature at X/L=0.7

714_



T/K

T/K

3000
2500
2000 f
1500 :
1000 -

500 |

3000

2500 |
2000 :
1500 :
1000 :

500 |

JAEA- Technology 2013-005

0 0.2 0.4 0.6 0.8
R/Ro /-
Fig.19 Radial distribution of fuel temperature at X/L=0.5

o 02 04 0.6 08 1

R/Ro/-

Fig.20 Radial distribution of fuel temperature at X/L.=0.3

715_



JAEA- Technology 2013-005

3000 . {
3 !
D00 1o |
2000 +
v I
- ]
1500
1000
500 L T S S R R
0 0.2 0.4 0.6 0.8 1 1.2
R/Ro/ -
Fig.21 Radial distribution of fuel temperature at X/L=0.1
120 | !
£ | Due to the FCMI
T 1 SRS SO S -
kY.
P
Q
80 .
3
z
2= Y S SO SRS SOUSORSRS SO o0t SO SRS S _
1]
g
S
S 40 -
o
=
(=]
= .
= 20 - -
@ Total pressure
a0 Y~ e Pressure due to plenum gases
0 | i I ‘ { 1 i
0 1E+4 2E+4 3E+4 4E+4 5E+4 6E+4 7E+4 8E+4

Time / hr

Fig.22 Profile of pressure on the cladding inner surface at X/L=0.5

716_



JAEA- Technology 2013-005

! !
O Total strain ( swelling + creep )
A Swelling strain
0.8 T TR S ST -
~ O
N A
0.6 remme e St SO SO -
N 0
g |
P S ) e S SO P USSR -
< | O
A
0.2 i
A
0 A A A
0 0.2 0.4 0.6 0.8 1
X/L
Fig.23 Cladding deformation after irradiation
2500 3
% 2400 T
o
3
<
2
g 2300 -
&
L
Q
&
7 2200 .
g
E
E 2100 .
2000 : | ‘ 5 ’ ‘ :
0 1E+4 2E+4 3E+4 4E+4 5E+4 6E+4 7E+4 BE+4
Time / hr

Fig.24 Temperature histories at X/L.=0.5

717_



This is a blank page.




[EBREEALR (ST)

1. ST AT # 2. JEAHIA VTR S 5 ST i i 5. SIEHE
g | SR TR e — Tk | bR | ave | Rk | B | an
i T 7 WEHA T e L ] I I A

& S|A— h A m [E3 A{SziE A — v m® 10% | ¥ sz 102 | » F| ¢
= Blenrsa WX, EA— bER m/s 108 |= 7 ¥ E 10% |2 y
= i ER=4 kg i Y | % — bR e O15 - 0_6 m
53 fifl ® s i st A — b1 m 107 |~ Z P 10° |v A7 m n
[ W7 X7 A #FE, OB BE|%n /7 AElA— L | kg/m® 10" |7 7l T 107 [ | n
BOFRE v E U] K woOR % E|xesIamThA— b | kg/m? 10° |¥ H G 1012 (v al p
B e M mol 4z, [ZS | A— bR R 2T A | mbkg 10¢ [# M 10 [7 =& b f
. wly v = 5 E W B ETSTEBES ARV | Am? 3 -18
N BOR 0 B |7osTEA— b Alm LU I I L A
ﬁ?l:%)%‘“), | ST A — kL @’ 10 ~ 7 k h 10 £ 7 k z
TR EFosIamsiEA— L | kg/m® 10" |7 B da | 10* (5 7 M ¥y
i PE( 2T T A— RV | ed/m?
T O (o) 1 1
e % B Of GrrEeo) 1 1

. ST

TR S 2RV, STE R S 2 HAT
(a) HLRFE (amount concentration) (XERARALS: D5 B TIIMELIREE e SI Bz L A1
(substance concentration) & & LiE 5.,

K6
i
B e B VNITE 1 & bORTH S, 20T & 93 min |1 min=60s
IS
H
BE
5

RS TH BT 1 ILEE TR LV, h 1h =60 min=3600 s
d |1 d=24 h=86 400 s
°  [1°=(0/180) rad

3. DL TR AT H R T
* [Ef D4R LGB T S5 ST HAL  |1°=(1/60)°=(/10800) rad

ST AT FRAL
LiRVATS S s fhDSTHALIC & 5 | STEAHALIC X 5 » 7 [17=(1/60)=(n/648000) rad
zLF KL ~J B—) ha |lha=1hm?*=10*m?
¥ H i el L i Uy b | L 1 [1L=11=1dm®=10%em*=10%m?
Sr 7S fi| 27507 O &© 1® m”m? % t |1t=10° K
J b3 Bl (@ Hz st £
7 —a—FhFv N m kg s?
Eh , [ Vil A% Pa N/m? m’kgs?
TR LX = T, BRIV J Nm m2kg s 7. SITBS AV A, SLEHH SN BB T, SIEALT
R, T %, Hatdluo b W Jis Py ﬁéﬂé?ﬁ(ﬂﬁﬁ%ﬁﬂ"ﬂlﬁ%ﬂé 12}
E O, ® & #lr—mr c A A L5 SI BN TFR S D5
B (BE) , &€& AR v WIA m?kg s? A’ B F A L b eV [1eV=1.602 176 53(14)x107°J
[ o " 777K F Ccv m?kg’s'A® # A b | Da |1Da=1.660 538 86(28)x10 kg
[ = #® Hi| A — 2 Q VIA m’kg s?A? MR EREA u  |1u=1Da
a y Z g v AU RAUR S ANV m?kg’s®A? K X B 7 ua [1ua=1.495 978 706 91(6)x10''m
T w®|w=—x Wb Vs m’kg s2A?
73 xR 7 E|7 A7 T Wh/m? kg s?A”
PO AR S R H Wh/A m’kg s? A
o vy 2 R OEleryyrES C K #£8. SHTEE VA, ST&HFH S % % Do Hifr
Pin Ek Jb— A Im cd sr(”) cd £k Cibeas SI Hifr TH Sh D5l
fz%‘f PUREI [);; iz i/» . 11;; 1m/m? ?1'2 cd N - /M bar | 1bar=0.1MPa=100kPa=10°Pa
WIRER Hor oL Eh i | - ARFER U 2 — b/ {mmHg 1mmHg=133.322Pa
e |ZvA Gy Jikg m’s? v 72 bu—n A |1A=0.1nm=100pm=10""m
MM R OB, | s i H M |1M=1852m
TS RO O S R Sv g e s = Y b [1b=100fm’=(10"cm)2=10%m?
i3 # I P & — kat s mol J v M kn |1kn=(1852/3600)m/s
<a>:sllfiﬁigﬁﬂ2?fﬁ:aaa#—fmwuﬁmmammmrMfmm B. Uin UESHGE A4 LIs 0T b 1350 7 - 7| Np STME & MLl A BRI
OV ST & 2T 5 T D 1155 W OB BT, Bz CORHE S 2 5 T izt 5, =~ . h SR D EFACKAT
FPRICIE, BT B RICIEE Brad R Cse 0 b A A, BIRL L CHLLEL L LTORETHHHFO 110 7 v~ /M dB

RENIE,

@ADL TIEAT T OT v LI AFE LB sr 2 HLOE L OFIC, TOEEHERFL TN D,
@~V FEBRIC OV TOR, N7 LW OREABBRIC SOV TOREH ST D,
@AY RERTVE L DERARATHT, AT RAREZRTEDIERSNS, BAVTRELILELD 9. [HADLHE HDOCGSHLEAL
BIOKE SFRA—Chs, Lidio>T, MEACREREE R THKINL LS bORM TR L TR LTH D, = e T ey
OREHERERE D HURTE (activity referred to a radionuclide) 1%, LiE LIEi& - 723 T radioactivity” & it S5, A - s SI ?T%Ti%éﬂ‘éi&ﬂﬁ
(¥ —~L b (PV,2002,70,205) 12U THECIPMAENE2 (C1-2002) % 5, = Ud 7| erg (1erg=10"J
4 F | dyn |1 dyn=10°N
,,,,, e R : ] §
F4. BMOPICEAOL L A zﬁgﬁﬁjﬂumw AR 7 Al P [1P=1dynscm?=0.1Pa s
JREL N DA 9 - ~ B
ST Ty A — 7 R = 2 1 104m2 o]
[liRAT At . ST EABNLIC L 5 I ] St |1 St =1lcm’ 5-2 10 4m 5_2
7 AL %% A v v 7| sb [1sb=lcdecm®=10%d m
BE| SR A VD Pas mtkgs? 7 *+ M ph |1 ph=lcd srem™ 10%x
— A ¥ HK=az—brrA—}1 Nm m?kg s? A M Gal |1 Gal=1lcm s?=10%ms?
G H==a—brmA—br  [N/m kgs® ~ 7 A U =z 4 Mx |1Mx=1Gem*=10"Wb
# K7 T ER rad/s mm’s’=s? v 7 Al G [1G=1Mx em?=10"T
ﬁ‘ L“I FIT ‘/’ﬂ?fﬂ‘ﬁ@ rad/s’ mm’s?=s? A A7 v R )| Oe [10e2 (10%4m)A m?
=, B a R EY s M by e e (c) FOCCSHLFR & SICIHEHELTE Rz, %45 |
. 9 ) 3RO HL R & SITIRIE I TE 2, 5 [ 2 |
Ty bm ey JIK m’kg s 2K = N
FAISERE R T O TH S,
v br E—|va—rmrarsagrrey |JikgK)  [m2s?K! ’ J .
x v ¥ |va—afmEurssa |Jkg m?s?
# 15 L oy A= brmrrey [WimK)  |mkes?K? #10. SICJE S 72\ 2 DD BT O P
B = % v F —|Va—UEihA— L |Jm? m™ kg 2 GaLi R SI WL T S h 5 %
R 0 R &R MEA— R Vim mkgs?A" ¥ = U | Ci [1Ci=3.7x10"Bq
5 Ao % B —w g3 A— bV [C/m?® m? sA v ¥ b 7 Y| R [1R=258x10"Clkg
ES i) E-'é |7 —a mESA— RV |C/m? m?sA 7 K| rad |1 rad=1cGy=107Gy
EREE, BERE {:i 7 —na g A— RV |C/m? m'zsA‘ s i 4| rem |1 rem=1 ¢Sv=102Sv
G i #7757 REA— L Skg .
2 2 aiieecin  |mm s I I e v
’; 5 e o N g I/F; ) b $/m1 mkgs A" A 17 =/ 3=1 fm=10-15m
T S —|Ya—
! T A S Al |¥me el A—RALFRHT v b 1A—NLHAT v b =200 mg = 2x10-4kg
EALY h B, BAARR Y 2 —AHEAES L E Y [J/(mol K) |mPkg s2K ! mol!
e ., o : > V| Torr [1 Torr = (101 325/760) Pa
AR (XBREDy ) |[7—rrEdns T A Clkg kg sA o P
AR S U R PSP Gyls m2e % K & JE| atm |1 atm =101 325 Pa
i 5 i ElUy MEATIUT v W/sr m*m?kg s’=m’kg s P Y | eap [leal=41858) (M15C1HmY T) , 4.1868J
Tt o) o JE|7 s M A= A7 7272 (Wim® sr) |m® m® kg sP=kg s (T2 Y —) 4.184F (FBLEI =Y —)
B OdE M @ g Am S A— b katim®  [m® s mol S 7 v v o [1p=1ym=10"m

(538, 20064FET)



ZOFRIMEBEREFRALTOET



	JAEA-Technology-2013-005
	2007Oxide_本文_2013-005_
	2007Oxide_図表_2013-005_



