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1. Introduction

B ATF: Accident Tolerant Fuel for enhanced fuel performance

B Recently alicense for ATF Lead Test Rod (LTR) or Lead Test
Assembly (LTA) loading for chromium (Cr) coated cladding is also
being planned in Korea

<International ATF development>

|| westinghouse

_ .- Conventional UO, - Cr,0O5 doped UO,
Sileaiicidng - Cr coated, SiC composite

- FeCrAl cladding - Cr coated M5 cladding

cladding

- SIC cladding - - SiC Cladding with Cr,O5-doped fuel

<Domestic ATF development>

Research Institute Major achievement
MSIT Korea Atomic Energy Research Institute “17.03 ~'21.12 Irradiation Test

MOTIE KEPCO Nuclear Fuel Company “17.12 ~'22.11 prototype
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1. Introduction

B ATF: Accident Tolerant Fuel for enhanced fuel performance

B Recently alicense for ATF Lead Test Rod (LTR) or Lead Test
Assembly (LTA) loading for chromium (Cr) coated cladding is also
being planned in Korea

B Cr coated cladding: CHF & quenching phenomena change

B Objective: to propose an improved safety analysis methodology for
thermal hydraulic/safety analyses for the reactors loaded with Cr

coated ATF .
<International ATF development>

| westinghouse

_ _ - Conventional UO, - Cr,05 doped UO,
Salelani=ifi - Cr coated, SiC composite _ _
_ - FeCrAl cladding - Cr coated M5 cladding
cladding
- SiC cladding - - SiC Cladding with Cr,05-doped fuel

<Domestic ATF development>

Research Institute Major achievement

MSIT Korea Atomic Energy Research Institute “17.03 ~’21.12 Irradiation Test
MOTIE KEPCO Nuclear Fuel Company 1712 ~'22.11 prototype
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2. Review of Recent Thermal Hydraulic
<Procedure of uncertainty quantification of

B Best Estimate Safety Analysis KINS-REM>

» After Fukushima accident the safety | cemen::

Estabnshcode\ 1. Specify Scenario \

is tend to be strengthened and the | =wpicaiiy ‘ I ‘
o . 2. Select NPP
best estimate approach is prefered I
! 3. Identify and Rank 4 Select Frozen

. K I NS-REM i Pheml)mena : Colde

| 5. Determine Code Applicability |

» BEPU (Best Estimate Plus Uncertainty) I
V:Ili.:;:;n-:t:gée ‘ 6. Establish Assessment Matrix |
[ ) . C L
’ zzuncertalnty parameters° .1 1 ut:::tﬁ;:? 7. Define Nodalization for Expenments &
among them are related with the Assessmen of SETIET
° ° ° T T Yi
constitutive models in MARS-KS —— Noding Change 7 "
T No
Blowdown Models —{ 8. Determine Parameter Ranges |
(1) Groeneveld CHF lookup table(AECL) |
(2) Dittus-Boelter liquid convection onome NEF Nodallzation &
(3) Dittus-Boelter vapor convection
(4) Chen nucleate boiling —-{ 10. Determine Code/Model Accuracy }»(:EES_}
Reflood Models -
—-{ 11. Determine Effect of Scale KlBl_as,)—

(5) Zuber CHF correlation
(6) Chen transition boiling :
(7) Weismann TB (Transition Boiling) correlation Element 3: ‘ 12. Determine Effect of System Parameters |*<EEI1’:;S__>—
(8) Bromley FB (Film Boiling) Calculate plant o
(9) QF (Quenching Front) Bromley correlation uncertainty ‘ 13. Combine Uncertainties& Estimate Biases |-7
(40 rrshun.ehenow B corrlaion(elood) T
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3. Coating Effect on Thermal

m CHF & Quenching change by Cr coated surface

» This is well matched trend with the classical boing heat transfer studies

m Effect on MARS-KS model
» Wall heat transfer: surely affected including boiling heat transfer models
» Interfacial heat transfer: hardly affected

B Influenced model for LBLOCA, SBLOCA and Non-LOCA

» Factors affecting PCT
v CHF model or DNBR(Departure from Nucleate Boiling)
v" Nucleate boiling model: No direct studies on this, but it is reasonable to regard the
nucleate boiling, which is the previous step to CHF, to be affected
v" Film boiling models: No direct studies on this, but it is reasonable to regard the film
boiling, which is the next step to CHF, to be affected
v Minimum temperature for the stable film boiling: The cladding surface change can alter
the rewetting phenomena or Leidenfrost temperature, and resultantly the minimum
temperature for the stable film boiling. This temperature affects the quenching time and
this can affect the PCT
v Thermal properties of cladding material with coating such as thermal conductivity and
heat capacity
« Factors affecting quenching time: Itis not the direct parameters of regulatory concern, but
itself affects the PCT
v" Film boiling models: It affects Leidenfrost phenomena and the quenching time is changed.
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4. Conclusions

B The coating affects the surface properties and correspondingly
following phenomena or relevant model should be importantly
considered.

(1) Factors affecting the PCT
- CHF model
- Nucleate boiling model
- Film boiling model
- Minimum temperature for the stable film boiling
- Cladding thermal property change
(2) Factors affecting the quenching time
- Film boiling model
- Minimum temperature for the stable film boiling
(3) Factors affecting the DNBR
- Critical heat flux model
- Nucleate boiling model
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