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» Development of decision support tool for
severe accident management in nuclear power
plants that would help technical support centre
during management and training.
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Provide additional information to technical support
centre during severe accident:

O Interpret time series of measurements of important
physical parameters,

4 Provide relevant information that would help to
understand the state of NPP systems (status of physical
barriers for radioactive material) and possible
development of the accident, and

O Asses possible consequences of management actions in
terms of likelihood of radioactive releases to
environment in order to protect public and environment.
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» Step 1: Characterization of the referential NPP,

» Step 2: Characterization of Severe Accident Management
Guidelines and other procedures,

» Step 3: Definition of hazard-induced damage states and
development of state-specific accident progression event
trees,

» Step 4. Severe accident analyses,

» Step 5: Development of severe accident management
decision support tool,

» Step 6: Verification & Validation of the decision support tool.
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v%v Step 2: Characterization of Severe
"GQ Accident Management Guidelines

» Symptom based severe accident management
guidelines:
 Mitigate fission product releases
1 Depressurize containment

 Control hydrogen flammability

» Extensive damage management guidelines

» Emergency operating procedures
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=, Step 3: Definition of hazard-
S/ induced damage states

O Definition of important parameters
® Core exit temperature,
® Steam generator level,
® Reactor pressure vessel level,
® Reactor cooling system pressure,
® Containment pressure,
® Containment temperature,
® Containment sump level, and
® Hydrogen concentration in containment.
0 Two major type of sequences based on reactor coolant system pressure:
® High pressure sequences
® Low pressure sequences
O Identification of safety functions
® Reactor coolant system depressurization,
® Low pressure emergency core cooling injection,
® Low pressure emergency core cooling recirculation,
® Containment spray recirculation, and

¢ Containment cooling.
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%g.v Step 3: Definition of hazard-
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1 Example logic model for seismically induced high
pressure (HP) and low pressure (LP) sequence
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N/ Step 4: Severe accident analyses

» More than 25 accident sequences with different

actuation time of safety equipment activation were
precalculated.
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Step 5: Development of severe
accident management decision
support tool

» Demonstration tool

1. Monitor operating
parameters @ Severa - NARSIS Demonstrational Decision Support Tool for Severe Accident Management — O 4
l Input Parameters  Cument State  Actions  Systems  User Input  Evaluation
2. ACCBSS. the state D%y Mew 79 Lload.. [ Save.. View Settings - 4 —
of barriers Time [min] CET[TC] SGL[%] RPVL [%] Prcs [MPa]  Pecort [MPa] TCont [C] Leont [m] H2[%] SAGs SeqType Core State RCS State  Cort State Possible Progressions &
l 110 419 0.0 69.3 16,30 0,144 91 33 0.00 QK oK oK
3. Predict accident 120 473 0.0 533 1630 0,143 30 33 0.00 oK OK oK
progressions 130 541 0.0 42 16.20 0,141 30 a8 0.00 oK OK oK
140 557 0.0 39.8 16.20 0,138 89 36 0.01 oK OK oK
» 89 008|123 High QK oK oK
4. |dent|fy recovery 33 021123 Hah OK OK OK
actions a7 045(1,2.3 High (014 IP OK CD, RCSdepr, CH, DCH, Bypass
85 0.76(1,2,3| Hah )8 I oK CD. RCSdepr, CH, DCH, Bypass
l 190 83 154 1.2 High Ox IP oK CD. RCSdepr, CH, DCH, Bypass
5. Assess the 200 83 2m| 1z High CD&0OX IF oK RPVmett, RCSdepr, CH, DCH, Bypass
feasibility 210 83 190 1.2 High CD & 0% IP oK RP'mek, RCSdepr, CH, DCH, Bypass
220 250 87 100.0 350 0122 82 a8 1.80 oK OK oK
6. Predict 230 235 105 100.0 270 0,121 78 37 1.80 0K oK oK
consequences 240 239 10.9 1000 250 0,120 76 a7 1.80 oK OK oK
l 250 242 111 100.0 310 0,120 76 a7 170 oK OK oK
7. Access actions, TME , !
150 minutes [2:30]
suggest the best
1] ' 1000
8. Implement [ |[ << [ < | [wrn | w85 | [ > |[ >> ][ 31 | Updatedat 18.05.2020 10:27:33

selected action(s)
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Step 5: Development of severe
accident management decision
support tool

> Assessment of actions

1 Compare probabilities for different categories of
releases (early, intermediate, late, no)

@ Severa - NARSIS Demonstrational Decision Support Tool for Severe Accident Management

I Parameters Cument State  Actions  Systems  User Input  Evaluation  Test
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=), Step 6: Verification & Validation of
& the decision support tool

0
O,
S

» Verification: check whether the product is in accordance with predefined
specifications (“see whether you really got what you wanted”);
O Define test cases involving different formulas embedded in the tool;
O Pre-calculate results independently (externally to Severa), e.g., by a spreadsheet;
O Perform runs by Severa and compare;

» Validation: check whether the product is suitable for the intended purpose
| application (“see whether you really wanted what you got”).

O Define test cases for different conditions predictable by supporting analyses or
knowledge / experience;

O Define the expectations with regard to results. Those were related to likelihood
profile of containment failure / release categories;

0 Calculate the results and interpret / evaluate them against the expectations;
O Do also sanity checks against other test results;
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%y Science & Technology synthesis
> and key outcomes

P

» Severa decision support demonstration tool
O Can be used for training of technical support centre

O Can be used to manage severe accident

® Support technical support centre in an extremely difficult, stressful
and often unclear decision situation

® Provide timely and best available information about barriers and
potential future development of accident and radioactive releases

® Reducing the risk of inappropriate decisions

» Incorporate variety of modelling techniques for
decision support
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