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Presentation plan

1. Premise of the safety analysis

2. Calculations scheme
• accident scenario
• selection of representative core configuration
• RELAP calculations
• correction related to fuel elements melting
• level of core damage analysis
• individual nuclides content in damaged fuel
• lit. review of nuclide release methods
• mathematical model of nuclide release
• nuclide release propagation



4Marek Migdal, IGORR 2025 /18

Premise of the safety analysis

On March 31st, 2025, the 10-year operational license for MARIA
research reactor expired. During preparations for the renewal of
the operating license for MARIA RR, some of the safety
calculations included in the Operational Safety Report had to be
redone to align with the latest safety guidelines. One of these
calculations involved the analysis of fission products release into
the atmosphere as a result of LOCA accident scenario.
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• dispersion UO2 or U3Si2 in Al

• 19.7% 235U 

• 5 or 6 concentric tubes, 1 m high 

• 2.0 mm thick, 2.5 mm gap

• each fuel assembly inside pressurized channel,1.7 MPa
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Calculations scheme

3. RELAP 
calculations

1. Accident scenario 2. Core config.

4. Correction for fuel
melting

5. Level of core
damage

6. Nuclides
content in fuel

7. Lit. review of 
nuclide release
methods

8. NUCLIDE 
RELEASE

9. Nuclide release
propagation
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1. Accident scenario
Release path Accident phaseActivity

Primary cooling circuit
rupture in pumproom

REACTOR CORE𝑋𝑋𝑒𝑒𝑒𝑒(𝑡𝑡)

𝑋𝑋𝑜𝑜𝑜𝑜(𝑡𝑡)

𝑋𝑋ℎ𝑝𝑝(𝑡𝑡)

𝑋𝑋𝑎𝑎𝑎𝑎(𝑡𝑡)

Water flood to 
pumproom

FUEL CHANNELS 
COOLING SYSTEM

Partial core meltdown, 
release to primary

cooling sys.

PUMPROOM

Deposition, release to 
ventilation

CARBON FILTERS

Remowal through
chimney

ATMOSPHERE
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2. Selection of representative core configuration (REBUS)

Fuel elements power
distribution from REBUS
and feed to RELAP
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3. RELAP calculations
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4. and 5.  Corrections related to fuel elements melting
(Python), Level of core damage analysis (Python)

Most loaded fuel
element, 1.97 MW
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4. and 5.  Corrections related to fuel elements melting
(Python), Level of core damage analysis (Python)

Least loaded fuel
element, 1.24 MW
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6. Individual nuclides content in damaged fuel (FISPACT)

The analysis was limited to 140
nuclides included in the libraries of
the post-nuclear accident decision
support system JRODOS. In red:
nuclides not occurring in the spent
fuel composition from FISPACT
code calculations.
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7. Literature review of nuclide release methods
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8. Mathematical model of nuclide release (Python)
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8. Mathematical model of nuclide release (Python)
For fuel elements’ given layer

For water in primary cooling circuit

For air in pumproom

For reactor’s chimney to 
atmosphere

Finally, the releases at time t at the 
chimney will be equal
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9. Nuclide release propagation (JRODOS)

Different source modules give
different emergency zone
radius.
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