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Post Irradiation Examination Data of High Burnup PWR Fuel Rod
[Rod No.: B15 (Assembly No.: NO1G13)]
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Japan Atomic Energy Research Institute
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This report presents the results of post irradiation examinations for PWR fuel rod B15 (17x17
type) in fuel assembly NO1G13. The fuel rod was irradiated in Ohi unit #1 of the Kansai Electric
Power Co., Inc.. Post irradiation tests were conducted in Reactor Fuel Examination Facility of
JAERI. These tests were performed in lead use program of high burnup fuel under the collaboration
of the five PWR utilities including the Kansai Electric Power Co., Inc. and Nuclear Fuel Industries,
LTD. Average burnup of B15 fuel rod was estimated 43.5 MWd/kgU. PIE items were (1) visual
observation, (2) dimensional measurement of fuel rod, (3) eddy current test, (4) oxide film thickness

measurement and (5) gas puncture test.

Keyword: PWR, Fuel Behavior, High Burnup, Irradiated Fuel, PIE
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Table 1 The Specifications of the 17x17 PWR High Burnup Fuel Rod

Item A type B type
(Manufacturer) (Mitsubishi) (NFI)
Fuel Rod
Fuel Pellet
Material uo, —
U Enrichment / wt% 32 -
Density 95%T.D. —
Diameter / mm 8.19 8.05
Height / mm 13.5 9
Shape Dished Dished, Chamfered
Cladding tube
Material 1.5wt%Sn-Zry-4 —
Outer Diameter / mm 9.50 —
Inner Diameter / mm 8.36 8.22
Plenum
Position Upper Upper, Lower
Fill Gas He:35kg/cm® He:33kg/cm®
Air:1kg/cm’
Fuel Assembly
Configuration 17x17 —
Number of Fuel Rods 264 —
Fuel Rod Length / mm 3,852 —
Fuel Stack Length / mm 3,648 —
Fuel Weight / kg-UO, 520 502
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Table 2 Irradiation History of the NO1G13 Assembly

Irradiation Cycle 4 5 6 7
. el 1982.12.18~  1984.4.14~  1985.8.26~ 1986.12.25~
Period of Irradiation*
1983.11.1 1985.4.1 1986.7.11 1987.12.18
Average Assembly burnup
7.6 20.6 33.1 447

/ MWd/kgU

*] Reference: Agency of Natural and Energy Agency, “Annual Report of Operation and
) Management of Nuclear Power Plant for FY1988.”

Table 3 Burnup of Fuel Rods in the NO1G13 Assembly

Fuel Rod No. Burnup / MWd/kgU Position
1 47.5 M,14)
2 47.5 N,13)
3 473 (E,14)
4 47.0 (L,13)
5 45.0 ‘ (M,08)
6 449 J,10)
7 442 (Q,12)
8 43.5 (B,15)
9 433 (A,15)
10 433 Q,17)
11 422 (A,0D)
12 42.0 (B,02)
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Table 5 Irradiation History of the B15 Fuel Rod

Irradiation Cycle 4 5 6 7
EFPD’ 308.6 653.5 962.5 1308.1
Averaged Linear Heat Rate
9.9 16.6 17.5 14.9
/kW/m

*1 Issued from the Kansai Electric Power Co., Inc.
*2 Calculated from the values issued from the Kansai Electric Power Co., Inc.
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Table 6 Result of Puncture Test

Item Result
Gas Volume / cc.STP 524.8
Rod Free Volume / cc 13.1
Gas Pressure / kg/cm2 at 0°C 41.3
Gas Composition / vol.% 0O, <0.01
N, <0.01
Ar <0.01
Kr 0.31
Xe 2.96
H, <0.01
He 97.5
Inventory(Xe+Kr) / cc 2187.5
Fission Gas Volume(Xe+Kr) / cc 17.2
Estimated Release / % 0.78
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Fig. 3-1 Visual Appearance of Test Fuel Rod (2nd Grid)

Fig. 3-2 Visual Appearance of Test Fuel Rod (3rd Span)
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isual Appearance of Test Fuel Rod (4th Span)

Fig.3-3 V

Fuel Rod (8th Span)

Fig. 3-4 Visual Appearance of Test
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18 EXDOER
Appendix English Translations of Sections 1 through 4

1. Introduction

Number of pulse irradiation tests are conducted in the NSRR to study the behavior of irradiated
light water reactor fuel under the reactivity initiated accident (RIA) conditions. The test fuel rod is
short-sized one refabricated from long mother fuel rod irradiated in the reactor for practical use.
Tests for fuel rods irradiated in Mihama (Tests MH-1 to 3), Genkai (Tests GK-1 to 2), Ohi (Tests OI-
1 to 2) had been performed. The results indicates that the current Japanese guideline for pre-
irradiated LWR fuel rod under RIA conditions has reasonable safety margin in the fuel burnup range
below 40 MWd/kgU. From 1992, there is a need to define the high burnup fuel behavior during the
transient and the NSRR experiment program (HBO series, acronym of High Burnup Ohi) for the
high burnup fuel has started.

As a first step, four tests for the fuel manufactured by Mitsubishi Nuclear Fuel Industry Ltd. (A
type fuel) were performed. One of these tests resulted in fuel failure and evaluated energy deposition
at the failure was 60 cal/g-fuel (0.25 kJ/g-fuel). It is lower than 85 cal/g-fuel (0.356 kJ/g-fuel)
adopted to the current Japanese guideline as a provisional failure threshold of pre-irradiated fuel rod
during an RIA. Through the evaluation concerning the tests, it is suggested that the incipient failure
mechanism of pre-irradiated high burnup fuel rod is PCMI, and the decrease of deposited energy at
the failure depends upon degree of embrittlement of the cladding material due to oxidation and
hydride formation. To confirm a reproducibility of these tests results and study concerning fuel
failure mechanism in detail, additional tests were initiated for the fuel manufactured by Nuclear Fuel
Industries, LTD. (B type fuel) with irradiation history similar to that of Mitsubishi’s fuel. These fuels
have different designs in the fuel pellet dimension (diameter, height and chamfer) and the cladding

wall thickness, as shown in Table 1.

2. 48 MWd/kgU Irradiation Test in Lead Use Program in Ohi Unit 1

48 MWd/kgU irradiation test in lead use program in Ohi Unit 1 is the first test for high burnup
fuel of PWR in Japan. It is for the fuel rods designed under the current limit for burnup (Averaged in
assembly: 39 MWd/kgU) and in small amount of assemblies. The fuels were 17x17 type and
irradiated in Ohi unit #1 before post irradiation examination in Reactor Fuel Examination Facility of
JAERI. Detail PIE contributed to confirm that they had expected specification and integrity.

Figure 1, Tables 2 and 3 indicate the loading and burnup history of fuel assembly NO1G13 in
Ohi reactor, respectively. Averaged burnup of it is up to 44.7 MWd/kgU. Figure 2 shows the twelve
fuel rods in NO1G13 conducted to PIE. Non-destructive and gas puncture tests were performed to

all of twelve test fuels and destructive tests were performed to selected three test fuels, as shown in
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Table 4.

Test fuel rod B15 (No.8 fuel rod in lead use program) was transferred from the Kansai Electric
Power Co., Inc. to JAERI to use for pulse irradiation tests of high burnup fuel in NSRR. Table 5
shows the irradiation history of this fuel rod in Ohi reactor. Rod averaged burnup is estimated 43.5
MWd/kgU.

3. Test Results

Non-destructive tests and puncture test results of B15 test fuel rod are as follows.

(1) Visual Observation

Figure 3 shows the typical photographs of the test fuel.

(2) Dimensional Measurement of Fuel Rod

Figures 4 through 7 show the outer diameter profile for 0, 45, 90, 135 directions of the fuel rod.
The test fuel rod length was 3873.1 mm.

(3) Eddy Current Test

Figure 8 shows the results of eddy current test. The signals from ch.1 and ch.2 concerning
defects on inner and outer surface of cladding, respectively, did not indicate existence of significant

defects.

(4) Oxide Film Thickness Measurement

Figures 9 through 12 show distribution of oxide thickness on the cladding.

(5) Puncture Test

Results of volume measurement and analysis to punctured gas are shown in Table 6. Fission gas

release rate is estimated to 0.78%.

4. Summary

The irradiation test of high burnup fuel in lead use program was performed as collaboration
program between the five utilities possessing PWR plants and Nuclear Fuel Industries, LTD. In this
report, the results of pulse irradiation examinations, showing as follows, of the test fuel rod B15
(fuel assembly: NO1G13) transferred from the Kansai Electric Power Co., Inc. to JAERI were

presented.
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(1) Visual Observation

(2) Dimensional Measurement of Fuel Rod
(3) Eddy Current Test

(4) Oxide Film Thickness Measurement
(5) Puncture Test
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