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SSE :ii (X, —X,)*

Jj=1 i=1l ’
}) F-table®l 4 F-rejectionE Zr=tt.
2}) 71792 F-rejection # 3ol 9Xgt}. webx| Fratio > F-rejection ©|H

714 7]17t =]l Fratio < F-rejection ©]W 7} 7|2 = #] ¢t}

E 2v AT B5%=2 EAEAS FIS AdIo|t o] FolA B F x| F
TS 11871 & F-712HxQl 2.0889 Euh A55 & o Utk ol 7 Wik 29
A2 A5 AR dx7t A #AstA EEA US5S v|sth whEhA
Er#AYELY #4A4 Bt Aol wet R #24A8S BEea des g
AT & Ak

E 2029 A4 244 x| HAY HUhE A% AR AT

Factor Process Residue Total Sum
Square Sum 0.06653 0.1207 0.18723
Degree of Freedom 13 28 41
Square Mean 0.005117 0.004311
F-ratio 1.1871
F-rejection 2.0889

* F-ratio < F-rejection

MY FAAL KA S F2 B BZAR (Sw)7h eI Lol wE EF

2} (repeatability standard deviation, §,)ZF-E F3 ¥t}

5] :ﬁ > (X, -X) n-1)p

=l j=1

, 6
1714

Xy density of sample unit j from bottle i,

_12_

)



: average density of bottle i

X,
,P: numbers of samples and bottles, respectively.
=z =]

oV

10

7

/n

2
P

2
w TS

2
w =8

2

up, =2 Inx2/(n-1p
Sy, SU

o1 714

2.689E-04 =

S
T

2
Spb

=™,

6.839E-04 = F+74

Kol
b

2
Uy

B,

]

7

g

= k& 754 )=

o

1.706E-03 <.

o

7}7F 1SO 7}ol= 359 u}lzh

2
“/n

[¢]

2
Sy, +8
=]

o,

T2

==
LN

o
o 3t

Axon,

o

I

=

:rL

o

i~
‘.Wo
%
3!

fjle)

o
o

el

o

B

o

)

el
xr
i
it
7o)

—_—

=] 0
=

7 A

3

D

bl sasn A 74

J]

s

_13_



A2 A 5o A4FH 5] 954

AN
o
=]
N

1. €5 % ®47](Thermogravimetric Analyzer)

7). 2 g9

1) KSMISO11358, Plastics-Thermogravimetry(TG) of polymers-General principles,
2001
ISO & 7+4 : ISO 11358:1997

2) KSC2002, Test method of thermal life evaluation of plastics by
thermogravimetry, 1998

] e=ZAL A2 20T+5T)olA] A 2H3tT)

A2 T Az 12 43t Aol AHEEE AHIE= SetaramAtol A AZHE TG
92-12 AIEZA, AE (balance), FA7IZ (furnace), 7}~ E HY FFFA (gas
circuit and power), A|©]7] (controller) ¥ HFEHZ FJ o] Ut}

1) A€ (balance)

ALl Bd2 B 92 electronic microbalanceZ beam balance °]th. Hul 4§
F2>20 g o, SAIAE 1 pgolth. AsFH =482 0 + 200 mge|th.

2) 7|12 (furnace)
712 958 HE7 FEFEHE heating element= RNCZE A= o] ok
ltlﬂ A 7tEeE=

TR o] WZAAIZ

ﬁm



3. A7 4. 7t= w @E 8 A

5. Beam Balance 6. Beam Balance®] count part

Y 9 AFF B4/ Fa PR
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: ISO 11357-4:2001, Plastics-Differential scanning calorimeter

a2 A

(DSC)-part 4 : Determination of specific heat capacity

KS M ISO 11357-4:2002, Plastic-A] X-5=A1< 2A|(DSC) Al4%-

70
_Z_ I
o
oo
B

11

Cp = 791 + 6.19x10°T - 1.77x10°/T* + 0.016

-3 at%
-6 at%

12

Cp = 80.0 + 4.66x10°T - 1.84x10°/T> + 0.031

- 12 at%>

13

81.5 + 2.09x10°T - 2.10x10°/T* + 0.029

Cp =
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1

Specific Heat Capacity, J/(K-mol)

T T T L LI L L L
200 400 600 800 1000 1200 1400 1600 1800
Temperature, K

Y 11 &4 gF 2o ddge] ud (0. 3,

6, 12 at%)

3. AEA & =9

e

Az o] Wd (0.3, 6, 12 at%)

Temp, K uo2 3 at% 6 at% 12 at%

273 56.57793  57.04073  56.5838  53.89635
373 68.27277  68.68686  68.51304  67.18939
473 73.78624 7411651 7397994  73.10694
573 77.02242  77.25594  77.06605  76.30728
673 79.22708  79.35797  79.07373  78.27681
773 80.89744  80.92267  80.52283  79.60883
873 82.26358 82.18143 81.65389  80.57786
973 83.44387  83.25327 82.59065 81.32514
1073 84.50423  84.20452  83.40203  81.92932
1173 85.48376  85.07447  84.1289  82.43706
1273 86.40683  85.88763  84.79675  82.87743
1373 87.28928  86.65994  85.42212  83.26932
1473 88.14174  87.4021  86.01615 83.62544
1573 88.9716  88.12152 86.58654  83.95459
1673 89.78409  88.82349  87.13879  84.26301
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1) S %H : Dilatometerg ©]-&3st A% 54
S

7 ASTM E228, Standard Test Method for Linear Thermal Expansion
of Solid Materials with a Vitreous Silica Dilatometer
ASTM E831, Standard Test Method for Linear Thermal Expansion
of Solid Materials by Thermomechanical Analysis

2) GBF AF : GBF ARE o] &

sel @

o%,
o

A AR

_a= 1 X( LT_L?OR)

S A, Lase 298 KAlA 4do], L= €% TolAY dol&

14

3) €3 =d, 9% A4 Z H ol
-3 at%
L/Lo = -0.30614 + 0.00097T - 2.68990x10°T* + 6.38520x10™"'T°
+ 0.00323

15
-6 at%

I/Lo = -0.35026 + 0.00124T - 1.94129x107T> + 1.01810x10™°T°
+ 0.00516 16
- 12 at%

L/Lo = -0.42815 + 0.00156T - 4.88337x107T> + 1.98454x10™°T°

+ 0.00298 17

- 993 A%

3 at% : 11.5976x10-6 (1/K)
6 at% : 12.3450x10-6 (1/K)
12 at% : 13.1438x10-6 (1/K)
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Thermal Expansion, dL/L, %

25—

2.0

0.5+

0.0

N T T T
200 400 600

— T T T T T T T T T T T
800 1000 1200 1400 1600 1800 2000

Temperature, °C

12, 2gA 6 2o GAne 49 (. 3,

6, 12 at%)

o) AAzel AAWA (0. 3, 6, 12 at%h)

Temp. uo2 SS1 S52 S54
298 0.00366 0.00342  -0.00041  -0.00134
373 0.0522 0.04878 0.07891 0.09557
473 0.13787 0.15075 0.20751 0.22064
573 0.23433 0.25215 0.3213 0.34229
673 0.33378 0.35442 0.42781 0.46055
773 0.4333 0.45848 0.53415 0.57789
873 0.53663 0.56531 0.64362 0.69488
973 0.64236 0.67389 0.75687 0.81157

1073 0.75142 0.78402 0.87343 0.9293

1173 0.86487 0.89671 0.99381 1.05083
1273 0.98177 1.01472 1.11921 1.17549
1373 1.10424 1.14031 1.24903 1.30729
1473 1.23233 1.27097 1.37989 1.44667
1573 1.36075 1.40211 1.50643 1.58631
1673 1.49516 1.54392 1.64261 1.75066
1773 1.63127 1.68846 1.79942 1.91367
1868 1.76311 1.8238 1.93548 2.06552
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(D) = o) (7 8

=y p(298)° 298 KollA "=, Las 298 KoM 2
zal

-3 at%

p/po = 1.00922 -2.92383x10°T + 9.06287x10"°T* -1.64882x10™°T°
+ 2.98671x10™ 19

-6 at%

p/po = 1.01054 -3.7352x10°T + 6.30468x10°T* -2.91319x10™°T°
+ 3.1816x10™ 20

- 12 at%

p/po = 1.01269 - 4.62614x10°T + 1.41292x10°T* -5.42583x10™*T°
+ 2.97769x10™ 21

= G A=

HGA T RYIFAREG, 6, 12 ath)o] AEEVE UO, AASEY 2HA &4
300 KollA UO,Y @xdx o] Hla] <k 23, 35 2 48 % ZA Ve, 1673 KA =
17, 20 2 25% XA Ve

- 3 at%>
1= 1
0.09819 +2.3194x10 4T 22
- 6 at%>
1= 1
0.12612 +2.287195x10 ~* T 23
- 12 at%>
1= 1
0.18674 +2.05497x10 ~* T 24
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1.00

0.99 4

0.98 4

0.97 4

0.96

0.95 4

Thermal Expansion, dL/L, %

0.94

a¥ 13, 28A T 2 AR

6, 12 at%)

— T T T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000

Temperature, °C

o] W% (0.3,

¥ 5 1&A T 2o dAdR] WE (0. 3, 6, 12 at%)

Temp. (K)| UO2 ss1 SS2 5S4
298 099989  0.999897  1.000012  1.00004
373 0.998436  0.998538  0.997636  0.997138
473 0.995875 0.995491  0.9938  0.99341
573 0.993003  0.992473  0.990423  0.989801
673 0.990053  0.989442  0.987275  0.98631
773 0987113 0986371 0.984145  0.982862
873 0984072  0.983231 0.980937  0.97944
973 0.980974  0.980053  0.977633  0.976043
1073 | 0977792 0976843 0.974248  0.972631
1173 | 0974496 0973574  0.970769  0.969126
1273 | 0971116 0970166 0.967161  0.965548
1373 | 0967591  0.966556  0.963446  0.961785
1473 | 0963923 096282  0.95972  0.957826
1573 | 0.960264 0959089 0.956135  0.953882
1673 | 0956454 0955077  0.952297  0.949267
1773 | 0952616 095101  0.947903  0.944719
1868 | 0.948918 0947223  0.944113  0.940509
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Thermal Conductivity, W/m-K

—
400 600

Temperature,

a8 14, 18A g 2ol 3

3, 6, 12 at%)

T T T T T T T T
800 1000 1200 1400

K

1600

due A== (O

E 6. AEA T T A5 EHEE (0. 3, 6, 12 at%)
Temp. (K)| UO2 Ss1 SS2 SS4
300 8.37782 596047 5106744  4.025942
400 7.08414 5236534 4.578838  3.718318
500 6.136551  4.669406  4.149851  3.454369
600 5.412556  4.213116  3.794361  3.225409
700 4841368 3.838064  3.49497  3.024914
800 4379227 3.524328 323937  2.847886
900 3.997627 3.258008 3.018608  2.690434
1000 | 3.677201  3.02911  2.826016  2.549479
1100 | 3.404329 2830263 2.656526  2.422559
1200 | 3.169158 2.655916  2.506215  2.307676
1300 | 2964379 2501801 2.372004  2.203196
1400 | 2.784457 2.364592  2.251436  2.107767
1500 | 2.625127  2.24165  2.142532  2.020261
1600 | 2483043 213086  2.043677 1.939732
1700 | 2.355551  2.030506  1.953543  1.865376
1800 | 2240511 193918  1.871023  1.796511
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fr = €% % (Thermal Expansion), &3 t’do] =+ & (589,
h="3& (20 C £ 10 C)olA 9] Alge] Zo] (&9, mm)
(7 = <% TCoAe) A8 Zo] (&%), mm)
fou = A 2=® Bl A e 9§k zpo]e] H]
W Eg% 89l
1) 9 EFE ()
- 2 +10 Coll 98 2ol ()
- Hyo] Ay wA A o3 2ol (u,)
- Yo} A2 s (u,)
i) (pd EFE ()
- BEEZSA 93 EgE
i) 7,9 E4% (u)
- 258 RM| B34 (u,)
- RM Hla #78, wrEZA 0 B34 (u )
h E3% AL
i) 3o £F EIE ()
=y, il i,
- TEAFE(y)
Vi, Vi Vie=
u4/0
Y= zflm/u,01+u4;@/u,m+u4,03/u;03 - 26
i) (po EE BIE (uyy)
i =IN="L 31 (1,~ DI 2
o] 714
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=3 (R ) =5 (1) =
vi,=M—1

u4fmz
Ve =

cal u4 o / Ve + u4,3n,z/ g

714

28
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R= 8= (100 - NHAFE %), REELY =S oF 95 %= 714,

b

M= RM HIIA g 9] 15 3]
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rr

o714, AvlEsty o= AEAT

_d ( KD

T
=—%72 fm;=—£z'1 (7(1)_ —1+D)= %(QO__ZO +1)
Cin = d,(dy)( 1(730 Zofmbzifoi
Cr., ﬁ(&ﬁafmb—&lja
h & 3= b
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(¢F 95 %)l 3TF3t= A= columnell YERE k#kS F3te] At=sioh

38

S =(I(T)_lo)/loxfcal

HEE=ZZS0|E&t AIAE WE
(Al,0,) ° _7TEJ| ANZ2 20l (1)
v AE:2A
l v BE:UHAL 2is
v BE:UHAC DL
ANZE OIS IHE ME 3 v BE:AR0 H5E 0l 20/H5
o|sHO| 2 =
(2= S81) e 20l = 20| ©3t ((T))
l v A HE=Z=NO2 HEQJR}
o AAEI WH QIR (F,,)
Ssc mol | ¥ AZ:ANAY DEABS ST
i = v BE:EZ2E Ao 285

o2

I9 15 2o ANTAIARY] 2= HrpEA

¥ 7 Re A8 74 AE (SS])
UO,+55=100g
Elements
(UO,+551)
SrO 0.057
Y203 0.04
ZrO, 0.23
LayOs 0.143
CeO, 0.665
Nd>O3 0.49

* 8S;: UO, + 1.6 wt% solid solution (3 at%h QL= AEFIAR

EAD
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]
€ 80E03
2 60E03
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0.0E+00
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Temperature(°C)
18, o] A4 AAAR} U0, 1R e] 297
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-SS1: UO; + 1.6wt% solid solution (3at% 4% SF)
-5S2: UO: + 3.2wt% solid solution (6at% 14~% SF)
-$54: UO, + 6.4wt% solid solution (12at% 4% SF)
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%9 wel 9437 ddzne 2MIE A3 (cmY/s)
o Ss1 532 SS3
K) | 9gxs | 23z | gd¥giiz | BIdr | d3ile | BIEE
325 2311E+00 6.429E-03| 1.697E+00| 9.292E-03 1.699E+00| 7.810E-03
376/ 2.036E+00 7.095E-03| 1.490E+00| 6.000E-03 1.564E+00| 1.790E-02
476| 1.672E+00| 8.386E-03| 1.269E+00| 3.606E-03| 1.294E+00| 1.270E-02
577/ 1462E+00| 5.859E-03| 1.128E+00 1.528E-03| 1.145E+00 8.718E-03
677| 1.303E+00| 2.646E-03| 1.035E+00 4.619E-03| 1.057E+00 2.887E-03
776/ 1.184E+00| 1.528E-03 9.573E-01) 8.021E-03| 9.707E-01| 7.024E-03
875 1.082E+00 6.083E-03| 8970E-01/ 5292E-03] 9.107E-01/ 1.528E-03
974/ 9.953E-01| 6.028E-03| 8450E-01| 5.000E-03| 8.600E-01 2.646E-03
1073| 9.153E-01| 4.509E-03 7.997E-01 1.528E-03| 8.200E-01| 3.000E-03
1273| 7.833E-01| 5.508E-03| 7.263E-01| 5.508E-03| 7.540E-01 1.000E-03
1473| 6.857E-01| 3.512E-03| 6.537E-01| 2.517E-03| 6.743E-01 5.774E-04
2.5E+00
. 2.0E+00
‘:‘é/ 1.5E+00
§1.0E+00
% 5.0E-01
0.0E+00
0 500 1000 1500
Temp (K)
a9 20, 2o 443 ddne] LEd e GIAE W
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Thermal Expansior
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|- - - Al203-Standard
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3. AlF<

12:00 — 13:30 Lunch

13:30 — 13:40  Registration

13:40 — 14:00 Opening Address: Myung Seung Yang (KAERI)

Opening Address: Yoon Hee Jung (POSTEC)

Session 1 (14:00 ~ 15:00)

Chairperson : Young Woo Lee (KAERI)

Thursday, December 1, 2005 :

14:00 — 14:20 A Proposal of New Method for Oxidation of Mixed Oxide Pellet
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14:20 — 14:40
14:40 — 15:00
15:00 — 15:20

(Sang Ho Na, KAERI)

Thermal Diffusivity Measurement by Photoacoustic Method (Sok
Won Kim, Ulsan Univ.)

Ab initio Study for Xenon Diffusion in UO2 and ThO2
(Younsuk Yun, Kyung Hee Univ.)

Coffee Break

Thursday, December 1, 2005 : Session II (15:20 ~ 16:20)
Chairperson : Sok Won Kim (Ulsan Univ.)

15:20 — 15:40
15:40 — 16:00
16:00 — 16:20
16:20 — 16:40

Thermal Properties of Uranium-Molybdenum Alloy (Sang Hyun
Lee, KRISS)

Thermal Characteristics of Multi-Core U-Mo Fuel Rod for
KOMO-3 Irradiation Test (Jong Man Park, KAERI)

Thermal Behavior of a Duplex Burnable Poison Fuel Pellet (Jae

Ho Yang, KAERI)

Coffee Break

Thursday, December 1, 2005 : Session III (16:40 ~ 17:40)
Chairperson : Sang Hyun Lee (KRISS)

16:40 — 17:00
17:00 — 17:20
17:20 — 17:40

Uncertainty of the Fission Gas Release Calculation by
ELESTRES-D (Hangbok Choi, KAERI)

Decay Heat Characteristics of the Spent Nuclear Fuel (Chang Joon
Jeong, KAERI)

An Analysis of the Thermal Behavior of Irradiated Rod-Type
U-Mo/ Al Dispersion Fuel (Chang Kyu Kim, KAERI)

Thursday, December 1, 2005 : Poster Session (14:00 ~ 18:30)

P-1. Thermal Conductivity Measurement of Thin Films by Thermo-reflectance

Method (Sok Won Kim, Ulsan Univ.)
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P-3.

P-4.

. (U,Gd)O; Sintered Pellet Fabrication Process for CRM Thermal Property

(Myung Joon Yoo, KNFC)

The Effect of Heating Rate and Sintering Atmosphere on the Solid Solution
Formation of (U,Ce)O, (Yeon Goo Kim, KAERI)

Uncertainty Evaluation of the Thermal Expansion Measurement for

Simulated Fuel (Je Sun Moon, KAERI)

. Homogeneity Study of Pellet Density of the Simulated Fuel by the ANOVA

Test (Je Sun Moon, KAERI)

. Monte Carlo Uncertainty Estimation for the Linear Thermal Expansion

Coefficient of UO, Fuel (Je Sun Moon, KAERI)

18:30 — 21:00 Banquet

Friday, December 2, 2005 : Working Group Meeting on the Thermophysical

Property of Nuclear Fuel

09:30 — 10:30  Discussion about the Problems during Measurement of the

Thermophysical Properties and Manufacturing Standard Reference

Material of Nuclear Fuel

10:30 — 10:40 Coffee Break
10:40 — 12:00 Discussion about the 3rd Workshop on the Nuclear Material

Thermophysical Property (NMTP-2005)

12:00 — 13:00 Lunch

28] B2 A24 932 (NMTP=-2005

The Znd Werkshap an fhe Mugclese Maleral Thetmaatrysicad Property
= - ) :

A PEMTmASs SR IR SR N S0 it Fma
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