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Performance and Safety Tests of High Burnup PWR UO; Fuel(I)
. Fuel Manufacturing, Irradiation History, Transportation
and Non-destructive Examination
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Abstract

To examine the irradiation performance and safety behavior of high burnup UO:
fuel, a fuel assembly with highest discharge burnup irradiated in Ulchin Unit-2 was
selected. Safety analysis of the fuel assembly transportation cask was performed, and
fission product inventories and radioactivity of the fuel assembly were predicted. To
build the fuel performance data base, fuel manufacturing data and irradiation histories
in the plant were analyzed, showing that the maximum fuel rod average burnup is
55,792 MWD/MTU. Non-destructive fuel examination such as visual examination and
burnup distribution measurement were done so far, and high precision post-irradiation
examination and separate tests of the irradiated pellet and cladding will be performed.
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Fuel Rod Array 17x17
Fuel Material UO:
Cladding
- Clad Material Low Tin Zr-4
- Outer Diameter [mm] 9.50
- Inner Diameter [mm)] 8.36
Diameter Gap [pm] 165
Plenum Length 185.0
Pellet
— Pellet Diameter, Enriched/Natural [mm)] 8.19 /8.19
- Pellet Length, Enriched/Natural [mm] 9.83/10.16
- Pellet Weight, Enriched/Natural [gm/cc] 5.31/5.54
Active Length of Fuel [mm] 3657.6
(Enriched / Natural) (3362.8/304.8)




o
™

T
@
N

T T T T T
© < N o @
N N N N ~

(w/AmY) YOHT ebesany poy

T
©
-

400 600 800 1000 1200 1400

200

Time (days)

0 ©

3.00

.75
2.50

2.25
2.00
7
0.75
0.50
0.25
0.00

(wdd) wniyin

2100 1950 1800 1650 1500 1350 1200 1050 900 750 600 450 300 150

2250

Boron (ppm)

T
God

M
Ho

U

=K

2
Tjo

o

X

—

1 25.7] 10F7] ¢

A
A

°
=

a9 3.

<

A7t AAVIES 1 3, 4



7

o}
H

&= 35 wt%eltHbl. o] AAZIEL 1980 FwRke] AAl 7t

Al ARl

N

S|
=

AR

S7FH o] KSC-19] {7k AAVIES =%

% Bo] A&

N

=
o

mK

—~
fite)

50,494 MWD/MTUe®|t}. wepa] K23

Arr=

=
=

el

4.2 wt%o] ™,
o /] KSC-1

1
N

o

o

K23

-
R

SHATHAL 19 4

KSC-1 % &71¢ AA AgA <k v

l

1

H],

s

N

el

)|
o
NI

=
i

Ulchin-2 K23 Fuel Assembly
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- Fuel burnup and density
- Fission gas release(FGR) analysis
- Fuel swelling : by solid fission products
and gas bubbles
- Distribution of burnup and fission products
- Rim microstructure : bubbles, grain size, FGR
- Bubble and porosity size distribution
- Fuel cracking and relocation
- Grain growth and restructuring
- Fuel rod void volume

- Cladding oxidation and hydriding
- Cladding strain and growth
- Crud deposition

- Hot cell tests of the irradiated fuel
. Heating test to examine fission gas inventories,
bubble swelling Kkinetics and release rates
of the fission gases and radionuclides
. Cladding mechanical properties
. Ballooning and rupture test of cladding

- Metallography

.OM, SEM, TEM
- Element analysis
EPMA
.Quadrupole mass analyzer
Fuel heating system
Mechanical tests
Tensile test machine
.Creep test machine
Burst test

w2177t = _E';AM_%* Disk {1 = _AITLJEI T
(Ci/tHM) g AL ZH(Ci/mm)
0 2.755%10° 140.0 2001. 5.15
= 3.510x10° 1.78
14 370 2.991x10° 1.52
14 670 & 2.605%10° 1.32
14 97 & 2302x10° 1.17
24 2.055x10° 1.04
2 371 € 1.852x10° 0.94
24 671 1.684x10° 0.86
24 971 1.542x10° 0.78
3d 1.424x10° 0.72




Ulchin Unit-2 K23-M04

Burnup Profile related to Cs-137
B (Cs-134/Cs-137, Cs-134 Gamma Energy : 604.72 keV
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