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 Calculations have been performed for analyzing CDA of PGSFR which is 

a 150 MWe pool type SFR and use metallic fuel, U-10Zr. The PGSFR core is 

designed to generate 392.2 MWth of power as shown in Fig. 1.

 By French Institute for Radiological protection and Nuclear Safety (IRSN), 

the severe accident refers to an event causing significant damage to reactor 

fuel and resulting from more or less complete core meltdown [1].

 A numerical analysis is conducted to estimate the energy release, pressure 

behavior and core expansion behavior induced by CDA of PGSFR using CDA-

ER and CDA-CEME codes.
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 In general, the severe accident is classified by three phases.

 Whether Core Disruptive Accident (CDA) are potentially real events that 

must be considered in establishing design bases for the containment, very 

low probability events that can be eliminated from design basis 

considerations, or mechanistically unrealistic fantasies of creative analysts 

has been hotly debated. The answer may be design dependent [2].

 A numerical analysis is conducted to estimate the energy release and 

core expansion behavior induced by CDA in Prototype Gen-IV SFR 

(PGSFR). An analysis of the CDA energy release based on the Bethe-Tait

method [3] is carried out and its results are used as the initial conditions for 

the core explosion computations.
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 Table I shows the calculation parameters used in the scoping analysis 

about CDA of PGSFR and reactor core characteristic.

 Fig. 2 shows the CDA scenario.

Fig. 1. Core configuration of PGSFR.

Table I. Calculation Parameters and Core Characteristic

Fig. 2. CDA scenario.

 Table II shows molten fuel mass, reactivity insertion, reactivity insertion 

rate and delayed neutron fraction in each accident conditions. The 

reactivity insertion rate is calculated using the height and time from active 

fuel region to lower part of the core as shown in Fig. 3.

 The reactivity insertion and time that the upper portion of the core is 

assumed to fall by gravity are calculated conservatively. So, the calculated 

reactivity insertion rate is conservative. Also, the delayed neutron fraction 

is used conservatively.

Table II. Molten Fuel Mass, Reactivity Insertion, 

Reactivity Insertion Rate and Delayed Neutron

Fraction in Each Accident Conditions

Fig. 3. Height and time from active fuel region to lower part of the core.

 Energy Release and Pressure Behavior using CDA-ER Code

- A numerical analysis was conducted to estimate the energy release and 

pressure behavior induced by CDA in PGSFR. A numerical code, CDA-

Energy Release (ER), which is based on the Bethe-Tait method was 

developed to calculate the energy release and pressure during CDA. The 

influences of Doppler effect on the power excursions were also estimated.

- Fig. 4 shows the calculated results of energy release and pressure 

behavior induced by CDA with Doppler effect in PGSFR when whole cores 

were melted (100 $/s). The analyzed maximum energy release and pressure 

were 6.696 GJ and 3.449 GPa, respectively. When Doppler effect is 

considered in this situation, 14.64 % of the maximum energy release and 

28.81 % of the maximum pressure are decreased.

Fig. 4. Energy release and pressure behavior induced by CDA with Doppler effect in PGSFR

when whole cores were melted (conservatively 100 $/s).

- Hydrodynamic and thermodynamic computations are performed using the 

code developed, CDA-Core Explosion Mechanical Energy (CEME) in this 

work for the simulated CDA’s condition.

- Fig. 5 shows the calculated results of the energy distributions during 0.015 

seconds after the explosion with Doppler effect in PGSFR when whole cores 

were melted (100 $/s). The total energy is calculated to be 1.33 GJ. At 0.01 s, 

the kinetic energy of the sodium is 1.31 GJ, while the expansion work and 

internal energy of the bubble are 16.1 MJ and 2.02 J, respectively.

- Fig. 6 show the expansion work in PGSFR according to the degree of core 

melting. The more the degree of core melting is, the larger the expansion 

work are when Doppler effect is considered.

Fig. 5. Energy distributions during 0.015 seconds after 

the explosion with Doppler effect in PGSFR when whole 

cores were melted (conservatively 100 $/s).

Fig. 6. Expansion work in PGSFR according to the 

degree of core melting with Doppler effect.

 Mechanical Energy using CDA-CEME Code

 Conservatively, the calculated results of energy release and pressure 

behavior induced by CDA without Doppler effect in PGSFR when whole cores 

were melted (100 $/s) were 7.844 GJ and 4.845 GPa, respectively. With Doppler 

effect, the analyzed maximum energy release and pressure were 6.696 GJ and 

3.449 GPa, respectively.

 The calculated results of the core expansion behavior during 0.015 seconds 

after the explosion without Doppler effect in PGSFR when whole cores were 

melted (100 $/s) were as follows: The total energy is calculated to be 1.87 GJ. 

At 0.01 s, the kinetic energy of the sodium is 1.85 GJ, while the expansion 

work and internal energy of the bubble are 19.7 MJ and 0.98 J, respectively. 

With Doppler effect, the total energy is calculated to be 1.33 GJ. At 0.01 s, the 

kinetic energy of the sodium is 1.31 GJ, while the expansion work and internal 

energy of the bubble are 16.1 MJ and 2.02 J, respectively.

 Though this scoping analysis is calculated to very conservative method 

and has a large difference from the point of view of a practical approach, it 

seems to give basic insight into the worst case in CDA of PGSFR.


