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y Abstract

In order to ensure the safety of light water reactor, many R&D activities concerned on accident tolerant fuel (ATF) are on
composites is recognized one of the most attractive options enable to increase LWR safety in the viewpoints of the lower neut

hydrogen formation, the increase of structural stability under high temperature and so on. OASIS,

to develop SIC/ SICfuel cladding based on largely improved NITE process (DEMO

Important key

Issues.In this study, neutronic calculations and thermal
positions of SiIC/ SIC fuel claddings for irradiation test have been selected based on the
detalls of these experiments including thermal

y SCARLET Project

In this study: In order to determine the initial fuel

< Establish Solid Basis of Making SIC/SIC ) XHO &0DGGLQJ $VVHPEO\ DV -DSDQHVH ,QQRYDWLR Qairyto theXdalyHdallzattob oH W\ D
the SiIC/SIC Fuel Pin Assembly into Nuclear Power Reactors.
< Proof-of-the -reality of SiC/SiC Fuel Cladding as a replacement of

< Feasibility Demonstration of SiC/SIC Fuel Cladding Sodium Cooling Fast Reactor and GFR.

< Establish large scale production basis of
< Integrate technologies of making

-hydraulic evaluation were performed for
neutronic calculation performed by the use of the HELIOS
-hydraulic evaluation and the current status

-going wo rld-widely. Replacement of

* This study has been performed under the contract between  Murorna 1. T. and IFEHalden

Zircaloy to SIC/SIC

ron capture cross -section of SIC, the suppression of

-NITE). Neutron irradiation test under PWR conditions at

are presented.

SiC/ SiC Fuel Cladding by NITEMethod

Halden is included in this project, as one of

Zircalloy Fuel Cladding in a short term.

SiC/ SIC Fuel Pin and Fabricate Fuel Pin/Reactor Irradiation Capsule with

SiC/ SIC fuel claddings for neutron irradiation test at HBWR. Loading

Muroran Institute of Technology is performing very challenging R&D programs, SCARLET,

-2 and 3D HETERO code. The design

SiC/ SIC fuel pin element.

< Evaluate Properties of SiC/SIC Cladding, SiC/SIC Fuel Pin, as long as 1 meter, including environmental tolerance evaluation under light water

reactor and LMFBR.

enrichment,

Hydraulic Calculation have been performed.

y Neutronics Calculation (Test fuel enrichment for the test rig)

The test rig is an irradiation test of unfueled
SiIC/ SIC segments. The test rig contains 3  SIC/ SIC

rods without fuel and 2 UO

, test fuel pins. The

test rig will be irradiated in an instrumented loop
system (ILS)pressure flask for simulation of PWR
conditions. The irradiation time in the HBWR will

proper loading position and operation condition for the irradiation test of

SiC/ SiC claddings, Neutornics and Thermal -

y Thermal-Hydraulics Calculation

The condition of pressurized water reactors has been used for the calculation of thermal
hydraulics calculation. The coolant flow through the rigs is forced.

Calculation Method

VISTA:In-house thermal -hydraulics code of

Geometry data

Halden Project

Inner diameter of pressure flask 43 mm
be 2 Cycles (180 EFPD)_ Outer diameter of fuel rods 9.5 mm
Number of fuel rods
Length of fuel rods 800 mm
Calculation Method Equivalent outer diameter of  cable and Downcomer tubes 7 mm
_ Number of cable and  downcomer tubes
HELIOS?2 (VeI'SIOH 2.1): _ - _ Outer diameter of center tube 9.5 mm
Lattice Parameters Two-dimensional Cross section of the test r'g Outerdlameter of SiC tube 12 mm
_ ) Number of SiC tubes
lattice physics transport code Flow area 714 mm?
Equivalent hydraulic diameter 6.6 mm
Whole core 3D Hetero
calculation Code for Flux and Power Distribution .
Calculation Results
nput Output Cross-section geometr
Rig Inlet Inlet  Flow Outlet Outlet Safety 9 y
: : : : : ALHR : Pressure : )
Main dimensions of the standard HBWR driver fuel assemblies power temp . velocity rate temp . void margin
Number of fuel rod 3 KW/m kW ¥ m/s L/h bar ¥ % - Calculated d f d b
furln eczlr; tue ro s]c o t e 20 48 290 05 1300 155 322 13 5 73 alculated pressure drop ftor owncomer tubes
uel roc distance - rom the Tig center mm 25 60 290 05 1300 155 | 329 17 213 Coolamt —
Active fuel length 800 mm Coolant . Coolant velocity in  Calculated
) 30 72 290 0.5 1300 155 335 12 1.73 velocity
Pellet diameter 10.5 mm flow rate L downcomer tubues pressure drop
: : 20 48 290 0.6 1500 155 317 1.2 2.83 in rig
Cladding diameter (OD/ID) 12.25/10.67 mm
" : : 25 60 290 0.6 1500 155 323 1.3 2.22 1030 L/h 0.4 m/s 5.2 m/s 0.5 bar
Initial fuel enrichment  (U-235 in U) 6 wt%
Fuel density (95% of T.D.) 10.412 glem 3 30 72 290 0.6 1500 155 329 2.9 1.81 1290 L/h 0.5 m/s 6.5 m/s 0.7 bar
— ' 30 72 295 0.5 1300 150 339 25 1.58 1540 L/h 0.6 m/s 7.8 m/s 1.0 bar
30 72 300 0.6 1500 150 337 21 1.55 2060 L/h 0.8 m/s 10.4 m/s 1.8 bar
Fast flux and fluences for test fuel powers of Thermal flux and fluences for test fuel powers of Temperature profile Void profile

20 and 25 kW/m after 2 irradiation cycles (180 EFPD)

20 and 25 kW/m after 2 irradiation cycles (180 EFPD)

Fast Flux Fast Flux Fast Flux Fast Fast Thermal Flux (n/cm 2s)  (n/cm 2s) F'“e”C§ F'“e”CE
Enr. 5 5 5 Fluence Fluence Enr. om 29)/ for 20 for 25 (n/cm “) (n/fcm ©)
(Wt %) (n/cm “s)/  (n/cm “s) (n/cm “s) (nfem 2) (nfcm ) (Wt %) (n/cm “s) or or for 20 for 25
(kW/m) for 20 kW/m for 25kW/m for 20 KW/m for 25 KW/m (kW/m) kW/m kW/m KW/ KW/
3.0 3.93E+11 7.86E+12 9.83E+12 1.22E+20 1.53E+20 3.0 2.96E+12 5.92E+13 7.40E+13 9.21E+20 1.15E+21
4.0 3.59E+11 7.18E+12 8.98E+12 1.12E+20 1.40E+20 4.0 2.32E+12 4.64E+13 5.80E+13 7.22E+20 9.02E+20
5.0 3.39E+11 6.78E+12 8.48E+12 1.05E+20 1.32E+20 5.0 1.94E+12 3.88E+13 4.85E+13 6.03E+20 7.54E+20
6.0 3.25E+11 6.50E+12 8.13E+12 1.01E+20 1.26E+20 6.0 1.69E+12 3.38E+13 4.23E+13 5.26E+20 6.57E+20

Core map and
Calculated
initial ALHR

VY Summary
For the irradiation test of

It was revealed that 5% of the initial fuel enrichment is promising under the ALHR requirement of 20

determined. Proper operating conditions and safety limits are obtained from thermal
restrictions on the operation of the test rig.

LHR and CLHR profile
ALHR=25 kW/m, T, =290 ¥, V,, = 0.6 m/s

ALHR=25 kW/m, T, =290 ¥, V, = 0.6 m/s

ALHR=25 kW/m, T, = 290 ¥, V,. = 0.6 m/s

Safety margin profile
ALHR=25 kW/m, T, =290 ¥, V,, = 0.6 m/s

unfueled SIC/SIC segments at HBWR, neutornics and thermal -hydraulics calculations under PWR conditions have been performed .
-25 kW/m. The loading posit ion of test rig satisfying these requirements is also
-hydraulics calculation. Although pressure drop occur at

downcomer tubes, but there are no




