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Proposal of Technical Meeting on “Fuel Behaviour and
Modeling Related to Severe Accident” : Needs

(1)Lessons learned from Fukushima Accident:
It is necessary to understand the reactor core damage progress from the early stages of
fuel damage to fuel melting and fall down in real time, and to carry out timely the measures
and correspondence during accident progress.
Based on a suitable stage division of a phenomenon, the improvement in accuracy of a
reactor core damage progress scenario is required.
It is necessary to review the existing knowledge of each stage and to examine the
specification of future research and the methodology (experiment, model, and code
development).
Feedback on the regulation standard about a severe accident is necessary.

(2)The exact recognition on the present state of the reactor core and the measure against it:
Reflection to prediction of happening from now on, and prevention measures against
accident expansion
The measure towards decommissioning (recovery, processing and disposal of SF in SFP, and
melted down fuel)
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Proposal of Technical Meeting on “Fuel Behaviour and

Modeling Related to Severe Accident” : Topics

(3) Topics to be Covered
Behaviour of fuel pellet, cladding, fuel rod, and fuel bundle just prior and during a severe
accident
Oxidation rate and embrittlement of cladding
UO2 oxidation and fuel behaviour in air related to severe accident
Hydrogen production
Rod burst and fuel relocation
Fuel failure mode
Fuel, cladding, control rod(B4C, Ag-In—-Cd, etc), core structure, and eutectic alloy
melting
Effect of burnup
Sub—-channel blockage and coolability
Long term integrity of fuel rod in water pool with sea water
Radiological consequences (extent of burst, release of fission products)
Modeling adequacy and accuracy
Regulatory requirements
Experience and lessons from the Fukushima accident relevant to the subject of the
meeting

Both experimental and theoretical/modeling works are welcome.
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90 degree orientation

Cs137
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PWR Zry—4 duplex 90GWd/t  (4)

Gamma scans (Cs—137 and Ru—

103) of IFA—650.9 about 6 weeks
after the test.

The target peak cladding
temperature was 1,100 degrees C,
and cladding failure occurred about
133 seconds after blowdown at
about 810 degrees C less than
current criteria.

Cf. Current LOCA Ciriteria;
PCT:1200 degrees C.
ECR:15%
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*HBU Cladding Integrity — Does it have to be maintained?

*Retrievability of fuel after storage or transportation? How should it be defined?

*Does storage after transport change the issues?
(Fuel/Cladding Concerns)

*Cladding stress due to: additional fuel fragmentation*, helium release*, swelling of
fuel pellets due to helium in-growth* and fission gas release during accidents

*Realistic upper and lower time dependent thermal profiles

sEffects of residual moisture after normal drying

*Development of in-service monitoring methods for canister interiors

*Corrosion, SCC*, and metal fatique of fuel assembly hardware*

*Hydride reorientation effects, SCC*, DHC*, and fatigue of cladding caused by
temperature fluctuations

* Only an EST(EXTENDED STORAGE AND TRANSPORTATION) issue
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3—-1. Fuel Fragmentation

LOCA(HALDEN YFREER)

Dismantling of 650.9

Released water & fine, wet? fuel particles |

- --'

Figure; Fuel residue from posttest disassembly of IFA—650.9
(4)
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LOCA (Studsvik JF4EXER)

Figure; Rupture opening in Studsvik LOCA tests 189, 191, 192,
and 193 (left to right), showing the absence of fuel in the rupture

plane (4)
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3—1. Fuel Fragmentation

LOCA (Studsvik (A4} e ER)

Figure; Images of fuel particles collected from test rod (a) 192 and (b)
193 revealing a very small, sand—like fragmentation size
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3—1. Fuel Fragmentation

LOCA (Studsvik %P4} 5 E%)
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Figure; Particle size distribution from six integral LOCA tests  (4)

2012/7/30 /& F77

FRIBRE LI FEE WG/ INES_L 47



e > JNES

s, BT RS BEERE

3—1. Fuel Fragmentation

LOCA Summary (by NRC)
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Figure;

Average fuel
fragment cross-
section as a function
of burnup, showing
Increased
fragmentation with
increasing burnup.

(4)
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Figure; LHGR as a function of burnup for various fuel safety criteria (1)
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(a) No HRT (as-Irradiated)

s

o et i v,

(b) HRT 300°C, 70MPa, 30°C/h (c) HRT 400°C, 28MPa,_ 30°C/h  (d) HRT 400°C, 70MPa, 30°C/h

o (f) No liner cladding (g) Unuradiated,
(e) HRT 300°C, 70MPa, 3°C/h HRT 300°C. 70MPa_3°C/h HRT 400°C. 70MPa. 30°C/h

!

— Ring compression load axis was horizontal direction in the pictures (a)-(e) and (g).
200um Ring compression load axis was vertical direction in the picture (f).

Figure; Metallography of BWR Zry-2 specimens after ring compression
test (Room temperature, Crosshead speed ;2mm/min) (10)
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Fig. 1. Sources of hydrogen in a defective fuel rod.  (7)
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Figure 3. Production of H; relative to amount of energy directly

(—HEDRENR) de%nsited by y-rays in the water adsorbed on UO» as a ﬁmct}iﬂn of th%;

number of water layers. The yield of H> 1n bulk water 15 0.45 molecules/
100 eV, ref 27.  (8)
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Enhanced Hydrogen Uptake at High Burnup (BWR Fuel)
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5. SEXH(1/2)

2-2. R LFHEDREL

(1) “FUEL SAFETY CRITERIA UPDATE” Working Group on Fuel Safety Committee on the Safety
of Nuclear Installations OECD/NEA Version 3b (August 2011)

(2) C.T.Walker et al “Observations on the release of cesium from UO2 fuel” Journal of nuclear
materials 240 (1996) 32—-42

(9) NRC Information Notice 2011-21(2011/12/13 F4T)

“Realistic Emergency Core Cooling System Evaluation Model Effects Resulting from Nuclear Fuel
Thermal Conductivity Degradation (December 13, 2011)”

[BR4S D EMG ERIE T IZLABERMBECCSEMAETILADEZE (20114128 13H) J

-3 BRAFBEEELS
(3) IAEA SPAR-II<i# 20124658 #E P v—Avk

3-1 Fuel Fragmentation

(4) NUREG-2121 “Fuel Fragmentation, Relocation, and Dispersal During the Loss—of—Coolant
Accident” Manuscript Completed: February 2012, Date Published: March 2012,Prepared by Patrick
A.C. Raynaud, Office of Nuclear Regulatory Research
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3-3 KFREFWLEBERR
(5) NRC Information Notice 2012-09(2012/06/28 %£1T)
“Irradiation Effects on Fuel Assembly Spacer Grid Crush Strength (June 28, 2012.)”

(10) Aomi, M., et al, “ Evaluation of Hydride Reorientation Behavior and Mechanical Properties for
High Burnup Fuel Cladding Tubes in Interim Dry Storage “, Journal of ASTM international, to be
published, (2008).

3-4. KFEHAFRELER

(6) “TN halt defective fuel shipments after ASN revises certificates”, Nuclear Fuel, Vol.34, No.12
(20096 A15R)

(7) D.R. Olander:Chemical processes in defective LWR fuel rods, Journal of Nuclear Materials 248
(1997) 214-219

(8)-Jay A. LaVerne, et.al : H2 Production in the Radiolysis of Water on UO2 and Other Oxides
Adsorbed ; University of Notre Dame, Los Alamos National Laboratory, J. Phys. Chem. B 2003, 107,
13623-13628

*Dr. Steven C. Marschman, et.al : Pacific Northwest National Laboratory; Final Report U.S.
Department of Energy Radiolytic and Thermal Processes Relevant to Dry Storage of Spent Nuclear
Fuels; Project ID Number: 60392, Project Duration: September 8, 1997 to September 8, 2000

(11) J. Garcia; Safety and Licensing of Spent Fuel Storage and Transport — Safety Issues within
Spent Fuel Transport by AREVA, International Conference on Management of Spent Fuel from
Nuclear Power Reactors, Session 5b(05-09), IAEA, 31 May — 4 June (2010).
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