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ABSTRACT

The CRUD (Chalk River Unidentified Deposit or Corrosion Related Unidentified Deposit) is a fouling deposit of metal or
metal oxide on the nuclear fuel cladding under PWR (Pressurized Water Reactor) operating conditions and causing the several
operational and safety-related problems. The major concerns related to the CRUD are AOA (Axial Offset Anomaly) caused by
the accumulation of the boron species inside the porous CRUD from the primary reactor coolant and CILC (CRUD Induced
Localized Corrosion) caused by locally increased cladding surface temperature due to the additional thermal resistance of the
CRUD layer. The growth of CRUD and the CRUD-related problems are known to be governed by the sub-cooled nucleate
boiling phenomena inside the upper part of the reactor core, especially on the hot fuel assembly and hot fuel pin. In the current
study, the experimental facility called DISNY (crud Deposltion Simulator for Nuclear energY) was proposed as a testbed to
simulate the CRUD growth and to investigate the sub-cooled nucleate boiling heat transfer performance of the CRUD deposited

cladding surface under prototypical PWR operating conditions.
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Table 1 Summary of design parameters of the DISNY

faclilty
Design pressure (MPa) 20.0
Operating pressure (MPa) 15.5
Design temperature (°C) 360
Mass flux range (kg/m’ - s) 3,300-3,500
Test section inlet temperature (°C) 290-340
Maximum applied heat flux (kW/m?) 2,800
Heater material Zircaloy-4
Heater array Single rod
Test section hydraulic diameter (mm) 12.8
Test section flow area (mm?) 314.1
Main piping length (m) 9.2
Bypass piping length (m) 3.7
Estimate total pressure drop (kPa) 103.9
Total head loss (m) 16.4
Coolant boron concentration (ppm) 1,200
Coolant lithium concentration (ppm) 22
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Fig. 3 Schematics of the DISNY test section (a) Design
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Table 2 Summary of operating conditions of OPR1000

Parameter Value Unit
Primary system pressure 15.5 (MPa)
Core inlet temperature 296 (°C)
Core outlet temperature 327 (°C)
Average mass flux 3,567 (kg/m® * s)
Minimum mass flux 3,461 (kg/m® + s)
Core thermal power 2,815 (MWy,)
Core active length 3.81 (m)
Fuel pellet material UO2 pellet
Cladding material Zircaloy-4
Cladding outer diameter 9.7 (mm)
Fuel pin pitch 12.85 (mm)
Fuel assembly array Square lattice, 16X16
Average heat flux 567.04 (kW/m?)
Maximum heat flux 1,331.24 (kW/m®)
Sub-channel Dy 11.98 (mm)

Table 3 Summary of operating conditions of APR1400

Parameter Value Unit
Primary system pressure 15.5 (MPa)
Core inlet temperature 291 (°C)
Core outlet temperature 325 (°C)
Average mass flux 3,499 (kg/m? - )
Minimum mass flux 3,344 (kg/m? - s)
Core thermal power 3,983 (MWy,)
Core active length 3.81 (m)
Fuel pellet material UO2 pellet
Cladding material ZIRLO
Cladding outer diameter 9.5 (mm)
Fuel pin pitch 12.85 (mm)
Fuel assembly array Square lattice, 17X17
Average heat flux 600.43 (kW/m?)
Maximum heat flux 1,413.00 (kW/m?)
Sub-channel Dy, 12.64 (mm)
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Fig. 10 Single sub—channel analysis results with MARS—KS for (a) OPR1000 design and (b) APR1400 design
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Table 4 Summary of CRUD deposition experimental

conditions

Exp. . . L.
conditions Metal ion concentration Heat flux | Deposittime
Case A | Ni 7.71ppm / Fe 3.86ppm | 600kW/m’ 72hr
Case B | Ni 7.71ppm / Fe 3.86ppm | 600kW/m’ 120hr
Case C | Ni 7.71ppm / Fe 3.86ppm | 600kW/m’ 168hr
Case D | Ni 3.31ppm / Fe 1.16ppm | 600kW/m’ 168hr
Case E | Ni 15.4ppm / Fe 7.74ppm | 600kW/m’ 168hr
Case F | Ni 7.71ppm / Fe 3.86ppm | 400kW/m® 168hr
Case G | Ni 7.71ppm / Fe 3.86ppm | 1400kW/m’ 168hr

Fig. 11 Examples of the CRUD geometrical characteristic
analysis results with SEM—FIB
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