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The Length Elongation Rate Measurement and Comparison on

Spent Fuel Rods using Image Processing and Conventional Method

Abstract

We developed image processing measurement system in order to improve
efficiency and measurement accuracy of dimensional measurement of spent fuel
rods. We also measured length elongation rate of spent fuel assemblies using
image processing method and conventional method, and compared two results.
The length elongation rates of FO02 fuel rods irradiated for 3 cycles were
somewhat bigger than those of J44 fuel rods irradiated for 2 cycles, and the
standard deviations of conventional method were slightly bigger than those of
image processing method. The length measurement time of fuel rods using image
processing method was one third of that using conventional method. Image
processing method has fairly improved the efficiency of pool NDT of spent fuel

assemblies.



1. A &
ARz AAdFgE TAA XS A2 AEY, A2 o= 2 JHS A= &
A ZA 93] swelling % densification & AXHA AASE A PHFo] LA
tH1-4]. A% A5 WYY AALE HASH] f8ke] o) A7A] FFell A v
AP FHetE FEoR Ao AR JEA e S #ESte] A 5]

Aste] A=A st E A AT 4 dagES s o o
FAEEA A2ES AF FEsta 357 AL aE] 9AY 157 2 257 A

FAa] g A 2~eS MEI (motion engineering incorporation)3]AFe] 93] Aol 1
= 93 $x AojH, Matrox FAE= R93 25 mm A= 7hd FGAX 2250
halogen light 2 7t} AEE FUE 3k 7hvet 94 A=z FA4€ 9
AAAAE= FHEE X, Y, Z5 22 1,500 mm/min, 120 mm/min % 4,980 mm/min <
L2 Adsta oA AFES AAHFA AdS AT F UARE A
22. FA%H

9403 A&/ AES HEA s dwe] HAE AHEF AAds [EA A et
A AXE EFAHQ Smm FHEd)ot et G AR olds Tt &
AYe 39 Aelageld CX = 0.116m/pixel, 52 G4 Aol Hd CY =
0.093mn/pixel Q1 FAoA FAzH] =AY A ROIl(region of interest)= 443}

i AAgE A AdS SAAY dA8E stdied vEAe dAHsa

it



S
g g

kel 71e
90()

ole} e HAzr nEUAH 257] J443

Nr

1]
) <}

As

% 3

| =
A=

I

2 A%

o

Ton

NI
ny

B

o

?;5:]]-

o,

ol

0
N
Ea
N

o

0
o

B

——
o

i
!

3ol

o]7} Al

]

N

o
™

B

e

0.49%

1

z‘:}

A& 0.44%

}

o

o ¢

s

=0

0.42%, 7]1EM

KR
T

™

7

Wl ol gt

Nr

o 7|E

A e

bl 357 Ax A8

Sl s

7]

ul
=

sl

F02 #1334 <]

<0
70

O

F7F 712l 29k Fig. 4=

XS

Fo vehlglon F

o 9
0.40%,

!

AAA

ot}

A

Nr

Gehigon 7&
otz 2 et Fig 6&

o

&

}

el olate] 257 A

=
.

17]

=0

Z£H
-

A& 0.38%, 71

I
A el e 5 el 9

ato]

[0

71&

2 A A

o]},

A



=

il

O
fis

3l

bl J44 A4 e] 9

kel
H

24

2 vherlglen

T o o m W BT M = H ECC N <
N Bog oMo ow™ o ] X gm SR B
) = L% % T T KD RO — s S Ar G
& &8 7R B Hor R > G
o) ~._ =2 Lo S b N ow__ 0! T
. e n —~ —_—
= oo 9 7 T o o L 1Lro o L
= U B g o} o <% X o %O
2T gz i o
" 8 < oL g o X = o BT
b 3 g [ do G 5w T omm N
Ot ) . J:H} —_ o] M — . —
J— B- o i o 3 it 0
T i . < <X o NN MM 2 0
wmoL, = T o S
ol MH B o X T B wo o e S % .7 x D on
% A I o o o RO T S MW OT = of e
= o No g ST~ S F <
) o ow o NG i Bogow L )
T 2 ;] 3 w0
) ° MM mu o~ RN = = ° m = % LGS o8 A,oT
oy T N N g I T F A
~o do Momf oT N o mn I 8 = B q 0 M
X L = T o~ = A e~
- NCOB o= 9T oy ) = ~ o X ol
< = w o I B X S o o4 7
o I R T = = o . N o
o T 50 ~ K =T w by
o) d o o o X o o o ToR o = —_— — 0
W_ B do M ) Jo mu T w o oz w5 o
N X 4~ T XN = W om XK o Vo
— —_ g
o ~ s . X T T o2 < oy — o R Z
S o oH T oo R m = I > ® T = ~
B o 0 ~ —_ fisi o _ ~ iy B —_
= T e o o * N N = = 2 = 3 g
T - % om M ® ~ % o n T o
/O N o) = T L —_ — mH \_l__.Al —_ 1o
ST m Py ST “ o N me m By o
M MM o mm_,_ Lo BN B 7o 3 En.w_ N Wo o oo o
W o 10 SN L
o} ) Jﬂum WL s ST _d‘_ % N o S _,m_. n = 7 £3 %
S N 5 G I B
K X0 o 7 ol T = N o o~ L m T
I R S~ I IR ™ T = s B A E)
o B N 2 N Em = @ & ow T g N
s ~o X al — oS L —_— JE —_
IR X S m o o Q rEE! ~ -
Ho AT o o X <~ X H -
X —~ oy T X ML
— ! NN o)) 0 0 ol -
—_ X < 0 <0 BR i
o \mw :.ﬁ X g ﬂDl ﬁE gmv_.o =] — a v.c 1r_._ 3 0 — .mﬂ - ﬂ.._
R "N L I A c3 B h
™ K OB W T R0 AR < - o o B ) el

[11 M. C. J. Carson,” Densification in Mixed Oxide Fuel during Fast Reactor



[2]

[3]

[4]

[5]

[6]

[7]

Irradiation,” Nucl. Tech. V. 42, p. 335(1974).

M. Uchida, et al, “ Densification of Uranium Dioxide Fuel Pellets(I),”
JAERI-M6904, pp. 1-7(1977).

W. Chubb, et al, “ The Influence of Fuel Microstructure on In-Pile
Densification,” Nucl. Tech. V. 26, pp. 496-493(1975).

W. K. Pratt, “ Digital Image Processing,” pp. 305-318, pp. 345-349,
John Wiley & Sons, Inc., California(1978).

H. C. Andrews and B. R. Hunt, “ Digital Image Restoration,” pp.
113-118, Prentice-Hall, Inc., Englewood Cliffs, New Jersey(1977).

A. Rosenfeld and M. Thurston,“ Edge and Curve Detection for Visual
Scene Analysis,” IEEE Transactions, Vol. C-20, No. 5, 562-563(1971).

D. J. Bryant and D. W. Bouldin,“ Evaluation of Edge Operators using
Relative and Absolute Grading,” pp. 138-140, IEEE, Tennessee(1979).

2.0

—&— Fesults of Image Processing Method
—&— Results of Conventional Method

e N .

;'-'-‘_:::.b._ﬂ_,_ﬂ‘."_--_.

Length Elongation Rate(%)

oo -

0.5 1 1 1 1 1 1 1
] 2 4 g i 10 12 14

Fuel Rod of FO2-1 Face

Fig. 1. Length Elongation Rate of
Fuel Rod of FO2-1Face.
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Fig. 2. Length Elongation Rate of
Fuel Rod of F02-2Face.
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Fig. 3. Length Elongation Rate of
Fuel Rod of F02-3Face.
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Fig. 4. Length Elongation Rate of
Fuel Rod of F02-4Face.
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Fig. 5. Length Elongation Rate of
Fuel Rod of J44-1Face.




Length Elongation Rate(%)

Length Elongation Rate(%)

2.0

-
o
T

=y
)
T

—a—  Results of Image Processing Method
—&—  Results of Conventional Method

0a - .
lm,,._,:..-:l:lb-..:.:l-‘.-—-..:'_":_—-__ ;l:l:’:
ook
_DS 1 1 1 1 1 1 1 1
il ! 4 6 8 10 12 14 16
Fuel Rod of J44-2 Face
Fig. 6. Length Elongation Rate of
Fuel Rod of J44-2Face.
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Fig. 7. Length Elongation Rate of
Fuel Rod of J44-3Face.
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Fig. 8. Length Elongation Rate of
Fuel Rod of J44-4Face.
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