






Figure 1. Oxide Thickness Profile and Fuel Centerline Temperature

in Failed Fuel Rod D103-K2

0 1000 2000 3000 4000

0

1

2

3

4

O
ut

er
 s

ur
fa

ce
 o

xi
de

 t
hi

ck
ne

ss
(µ

m
)

300

310

320

330

340

350

360

370

C
la

d 
ou

te
r 

su
rf

ac
e 

te
m

pe
ra

tu
re

(o C
)

0 1000 2000 3000 4000
0

3

6

9

12

oxidat ion enhanced

reg ion

C
la

d 
in

ne
r 

su
rf

ac
e 

te
m

pe
ra

tu
re

(o C
)

point of defect

In
ne

r 
su

rf
ac

e 
ox

id
e 

th
ic

kn
es

s(
µm

)

3 2 0

3 4 0

3 6 0

3 8 0

4 0 0

4 2 0

4 4 0

0 1000 2000 3000 4000
600

800

1000

1200

1400

1600

600

800

1000

1200

1400

1600
Fu

el
 c

en
te

rli
ne

 te
m

pe
ra

tu
re

(
o C

)
 

Rod height from bottom(mm)



                     D103 – K2 (275mm)        (A)                     (B)

                     D103 – K2 (500mm)        (A)                      (B)

                     D103 – K2 (1,160mm)       (A)                     (B)

                     D103 – K2 (1,300mm)       (A)                     (B)

                     D103 –K2 (2,100mm)       (A)                      (B)
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Figure 2.
Micro-structural
Change of  UO 2



Figure 3. Oxide Thickness Profile and Fuel Centerline Temperature

in Failed Fuel Rod B208-R8
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Rod height from bottom(mm)



                     B208 – R8 (87mm)        (A)                      (B)

                     B208 – R8 (500mm)       (A)                      (B)

                     B208 – R8 (1,300mm)      (A)                      (B)

                     B208 – R8 (2,100mm)      (A)                      (B)

                     B208 – R8 (2,900mm)      (A)                      (B)

Figure 4.
Micro-structural
Change of  UO 2
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Figure 5. Zircaloy Oxidation Enhancement in Hydriding Environment

Figure 6. Columnar Grain Growth in Steam Oxidation Environment

        : magnified in right



Figure 7. Comparison of Metallographic Sample with Predicted

O/M Ratio Distribution in Defect Test
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