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The increase of linear power and burn-up during the reactor operation is considered as one
of measures for the utility of fast reactor in future, and then the application of annular fuels is
under consideration. In order to make a design for thus annular fuels, annular fuel design code
“CEPTAR” has been developed in Japan Atomic Energy Agency (JAEA). In addition,
probabilistic fuel design code “BORNFREE” has been also developed for the reasonable fuel
design with safety and the quantitative evaluation of design margin. In this study, aiming at
the development of probabilistic design method, we developed BORNFREE-CEPTAR code to
develop the reasonable design method for annular fuels.

As the results of probability evaluation of fuel melting at the transient at the initial power
increase, by using the probabilistic annular fuel design code “BORNFREE-CEPTAR”, the
melting probability for annular fuels was estimated to be approximately two figures lower than
that for solid fuels, and the remarkable decrease of melting probability, which was caused by
the fuel restructuring effect, was seen in the estimation results for solid fuels, on the other
hand, the results for annular fuels indicated that this effect was comparably small. In addition,
the permissive linear power for annular fuels tended to enhance from that for solid fuels with
the increase of initial central-hole diameter under the similar fuel melting probability
condition. This indicated the possibility of higher linear power operation for high-density
annular fuels than low-density solid fuels.
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#& 2.1 CEPTAR =—ROIRFEZ AV V- SR RBR T — 12

Pellet Pellet Pellet Pellet Pu
S/AID I,’Iye”‘j ID oD Density | O/M | Content Pg O)D gig
P | om) | (mm) | (%TD) O (wt.%) ™ i
INTA-1
(JOYO) Annular 2 .54 85 1.94 30 6.5 No
6.49

INTA-2 , 92 1.94
(JOYO) Annular 2 ggg 95 1.97 19 7.5 No
B5D-2 (JOYO) | Solid 6.5 90-95 1.96-1.98 19 7.5 | Yes/No
P-19/20 . ]
(EBR-II) Solid 5.1 90-93 1.96-1.97 | 25 6.1 No
P-E01 . ]
(EBR-ID) Solid 5.4 86-87 199 | 29 6.5 Yes
DEA-2 (FFTF) | Solid - 4.9 86-96 1.94-1.98 | 25~30 5.8 Yes
1112 (MTR) Annular | 1.5-1.7 | 5.00-5.57 95-97 1.97-1.98 | 32 5.8,6.6 | No
1112/1150 . ] ] ] N
(MTR) Solid 4.74-4.95 90-97 1.91-1.98 | 28~32 5.8 No

Hi#) T. Ozawa and T. Abe, “DEVELOPMENT AND VERIFICATIONS OF FAST REACTOR FUEL
DESIGN CODE CEPTAR?”, Nuclear Technology: 156, 39-55 (2006).

# 2.2 CEPTAR = —RORBRFHC AW BH B R — 12

Cladding | Pellet | Felet | pepetop | Fellet | Pellet Pu | PINOD | Tag
Material Type ID (mm) Density Oo/M Content (mm) Gas
(mm) (%T.D.) ) (wt.%)
M316 Annular | 1.8 4.95-4.98 94-98 [ 1.92-2.00 | 24-32 |5.84-5.86| No
4.93-4.95 ) ] ] 5.84
PE16 Annular 1.8 5.53-5.56 94-99 1.97-1.99 | 25-33 6.58 No

Hi#h) T. Ozawa and T. Abe, “DEVELOPMENT AND VERIFICATIONS OF FAST REACTOR FUEL
DESIGN CODE CEPTAR”, Nuclear Technology: 156, 39-55 (2006).
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Design Method Deterministic Methed - Probabilistic Method
Dimension “YWORST-CASE” Prebabilistic Density Function
Design Meterial & Fuel Assumption - Normal Distribution
Para]:ne ters Property - Uniform Distribution
: _Operational Condition - Upper Limit - Logarithmic Normal Distribution
Analysis Model - Lower Limit - Exponent Disn'ibutior}
CRITERION CRITERION LRION
Performance Parameters CRITERIO y
- Statistical response Allowance ~
RESULT D
- Fuel Center Tempera ture R S::L 5 PDI‘\ol Performance Parameter§  Probability
- Cladding Temperature ’“;\i':‘srm;ﬁ ¢
- Cladding Stress , & ;
- Creep Damage Fraction (CDF) & NOMINAL
CONDITION
' - Low Power | Optimized .
- Short Lifetime (Low Burnujy ptm“?e - Higher Power ‘
- Rigid Specification Margin - Long Ijn‘eume (High Burnup)
. ) = - Optimized Specification
NOMINAL CONDITION NOMINAL
I CONDITION
Conventional Design Optimized Design

H1#1) T, Ozawa and T. Abe, “Development of Probabilistic Design Method for Fast Reactor Fuel Rod”,
Nuclear Science and Engineering: 152, 37-47 (2006).

2.1 WERMER I FIELHRREBREFIEO LR

Design Parameter

(a) Geometries

(b) Operational Conditions
(c) Material & Fuel Properties
(d) Analysis Models

r X=(X, Xy e 5 Xo) K:I Uncertainties I

Probability Density Function (PDF) of X

MONTE CARLO LOOP

I Random sampling in accordance with the probabilistic mode]J ;
T

I Deterministic model: f{x) l

<

{ Assign results into histogram array aud calculate statistical moment I

Statistical Response PDF of Performance Parameter

/ CRITERION
} Probability for performance
/ parameter to exceed CRITERION
- \\
R

1 Average
a: Standard deviatien
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DESIGN CODE CEPTAR”, Nuclear Technology: 156, 39-55 (2006).
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