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Task 6.1 Objectives

♦ Sub-task 2: plant operational states 

“ CNRS and the other partners of this task will refine the definition of the reactor operational 
states (normal operation conditions), the operating procedures, and the emergency 
operating procedures to identify any deviation from normal operation and to allow a 
quantitative risk estimate
Framatome and EDF will provide guidance and review for the definition of the plant operational 
states and the safety margins. ” 
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Usual operating management approach
♦Normal operation is the domain where:

• The plant is producing energy or maintenance is being performed
• The plant safety is fully demonstrated
• The plant lifetime is guaranteed

♦ Normal operation range is limited by physical constraints (high/low temperature, pressure, solubility…)
♦ During normal operation transients

• All plant parameters have to remain within their limits assigned for the normal operation
• Control functions are meant to maintain the plant parameters within those limits while boundary 

conditions are evolving
♦ If limits of the normal operation are exceeded, it is an abnormal event (AOO or DBA)

• Limitation functions can bring back smoothly the plant in normal operating range (AOO)
• Protection functions can bring back the plant to a safe state (AOO and DBA)

♦ Safe fallback mode has to be defined: safe state(s), controlled state(s)
♦ Strategies to reach the controlled and safe state(s) have to be defined for any kind of initiating events

• Appropriate automatic protection functions
• Possible manual actions
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Operation management and economy issues
♦ Beyond safety preoccupations, the MSR design must satisfy operational 
constraints and optimize economical issues :
- Maximize reactor availability
- Preserve the investment
♦ Definition of the normal operation domain is a compromise between several 
factors

• Large operating domain allows accommodating small disturbances 
=> improved availability

• Large operating domain may cause harsh mechanical loading
=> potential ageing issue

• Efficient control & limitation systems, if achievable, enable to 
accommodate disturbances within a reasonable operating range

♦ In any case appropriate safety margins have to be ensured between normal 
operation and the risk of barriers degradation
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Usual operating management approach
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Methodology and results



SAMOSAFER final meeting, Avignon, 29/11/2023 WP6 summary

Methodology
definition

Step 1
Definition of the 
normal operating 

states

Step 2&3
Identification of 

main plant 
parameters and 

their range

Step 4
Definition of the 
limitation and 
the protection 

strategy

06/2021

Milestone S15

10/2020 11/2021 03/2022 09/2022

Diagram by D.Heuer, 
M.Allibert, E.Merle (CNRS)

Deliverable D6.2

Methodology & progress
for this subtask



SAMOSAFER final meeting, Avignon, 29/11/2023 WP6 summary

1st step : Define the normal operating states

♦ Progress : a preliminary list of normal operating states has been proposed:
• Start-up of the reactor / Criticality reaching
• Power production
• Shutdown without fuel salt draining
• Shutdown with fuel salt draining (for component handling)

♦ As first proposition, for the next steps of the method, it is focused first on the power 
production mode, notably since it is the better-known state
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Steps 2 – 3 : For each state – Identification of main 
plant parameters

♦ Direct identification of Main Plant Parameters (MPP) appears to be controversial 
• Identify first all the relevant parameters
• Understand the dependencies between the parameters

Nota : Both the parameters themselves and their range can be different for the different normal 
operating states
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Steps 2 – 3 : For each state – Identification of 
parameters

Example : for the temperatures, the following
operating diagram represents the limits identified :

• Max temperature (material resistance)
• Min temperature (salt freezing or Pu 

precipitation)
• ΔT (Heat exchanger thermomechanical

constraint)

Diagram by D.Heuer, M.Allibert, E.Merle (CNRS)
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Steps 2 – 3 : For each state – Identification of 
parameters

In order to define the early stages 
of monitoring and control 
functions, the dependencies 
between parameters are identified
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Step 4 : Definition of the limitation and the protection 
strategy to set up

♦ The definition of the limitation and the protection strategy implies :
- Definition of possible « safe state(s) » for MSR
- Definition of strategy to reach « safe state(s) » identified

♦Different kinds of safe states for MSR may be defined

Reminder that in France, in ASN Guide n°22 (addressed to PWR conception) : 
• A “safe state” corresponds to a stabilized state of a nuclear powerplant, where the sub-criticality, the 

decay heat removal and the containment of radiological material are sustainingly ensured.
• A “controlled state” corresponds to a state of a nuclear powerplant, where the sub-criticality, the decay 

heat removal and the containment of radiological material are ensured at short term and where main 
parameters characterizing the safety functions previously-mentioned do not evolve rapidly and 
negatively.

Nota : there is not a single safe state nor a single controlled state.



SAMOSAFER final meeting, Avignon, 29/11/2023 WP6 summary

Step 4 : Definition of the limitation and the protection 
strategy to set up

♦ On a MSR, the only states where all these criteria are met correspond to the states where the fuel salt is 
transferred/drained (in normal storage tanks, or in emergency draining tanks), in order to reach sub-criticality.

Nevertheless, given the MSR specificities, proposition for MSR of at least 3 safe states (in order of desirability)…

- Fuel salt transferred in normal storage tanks, DHR ensured sustainingly

- Fuel salt drained in emergency draining tank, DHR ensured sustainingly

- Fuel salt drained in core catcher, DHR ensured sustainingly

… and at least a controlled state :

- Fuel salt in the fuel circuit, critical at low power, heat removal ensured by natural convection*

* to be confirmed : the natural convection could not be necessary

♦ The acceptability of these potential safe and controlled states has consequences on the design (performances) 
and safety classification, notably on the heat removal system associated to the fuel circuit.

In the safety demonstration, the systems necessary to reach controlled and safe state must have high safety 
classification. From an economic point of vue, there is an interest to limit the number of equipment with high 
safety classification.
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Appendix : Methodology for this subtask

♦ Proposition to adopt the following approach :

1. Define the normal operating modes for the reactor

2. For each normal operating mode, draw up a list of relevant Plant Parameters

3. For each Main Plant Parameter, define the limits of the acceptable range for the parameter

4. For each Main Plant Parameter, define the limitation and the protection strategy to set up
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Task. n° Task title Lead 
beneficiary Dates

6.1 Safety margins and plant operational states 
(CNRS, CEA, Framatome, EDF, POLITO) CNRS M01 – M30

6.2 Monitoring systems, inspection and maintenance procedures  
(POLITO, CNRS, Framatome, POLIMI) POLITO M06 – M36

6.3 Redox and salt composition control  
(CNRS, JRC) CNRS M01 – M48

6.4 Safety demonstration of the decay heat removal function  
(PoliMi, CNRS, EDF, PSI, Framatome) KIT M24 – M48

6.5 Uncertainty quantification of safety demonstration calculations  
(TU Delft, CNRS) TU Delft M24 – M54

6.6 Scaling in reactor design and effects on safety level 
(CNRS, Framatome, CEA, IRSN, EDF) CNRS M12 – M54
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Task 6.3: Redox and fuel composition control

Use of ICP-OES to analyse the core fuel composition

OK after
optimization

?
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• Difficulty to reach 100% of dissociation of 
fluorides in plasma leads to errors in the 
analysis

• Some pure fluoride powders of Ni, Fe, Zr,… 
are not analyzed with high accuracy

• But, when the pure powders are dissolved
in FLiNaK salt we reach a high accuracy of 
analysis

Dissociation of fluoride in plasma
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Tests in LiF-ThF4
containing U, Ba, 
Ce, La, Nd, Ni, 

Sm, Zr

Direct analysis of the sample : BAD

Sample dissolved in FLiNaK and analyzed :
Good when dissolution in sulfuric acid

Sample dissolved in LiCl-KCl and analyzed :Best result

Analysis of LiF-ThF4 salt
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Task 6.3: Redox and fuel composition control

Control of the redox potential of the salt to prevent the corrosion

From ORNL: the ratio UF4/UF3 directly related to the corrosion
Addition of Be metal to reduce the ratio

For MSFR, addition of U metal is proposed to control the ratio
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Measurement of OCP on U electrode in LiF-ThF4-UF4. 
Observation of the reaction between U metal and UF4 to 
produce UF3

3UF4 +  U  → 4UF3

Control of the redox potential of the salt by producing UF3
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The potential applied by the reaction between UF4 and U metal can prevent the corrosion.

Comparison of the redox potential of the salt with the
potentials of the redox systems of the structural materials
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