
Deterministic Safety Analyses and 
Assessments
Safety Engineering Solutions

Framatome’s Deterministic Safety Analyses and Assessments verify 
fulfi llment of regulatory requirements based upon unique original 
equipment manufacturer experience.

Challenge
Nuclear safety takes top priority in the operation of nuclear power 
plants. A high safety level generally goes hand in hand with high 
plant availability and effi ciency. 

New safety and regulatory requirements, plant upgrades, long-
term operation and lifetime extension measures present chal-
lenges to operators as they trigger the need for various safety 
analyses and assessments. 

Solution 
Framatome’s Deterministic Safety Analyses and Assessments 
verify fulfi llment of regulatory requirements, reduce residual risk 
and re-assess existing safety margins. 

As an equipment manufacturer, Framatome has a wealth of ex-
perience in conducting safety analyses and assessments which 
optimize accident management procedures, and provide 
information about safety improvement options and the 
effects of plant modifi cations.

Customer benefi ts

• Verify fulfi llment of regulatory 
requirements

• Reduce residual risk and re-assess 
existing safety margins

• Optimize measures for prevention and 
management of accidents

• Provide information about possible 
safety improvements

• Determine effects of plant modifi cations

• Prevent plant shutdowns

• Reduce operating costs (risk-informed 
applications)

Structure of safety 
status analysis

Stage 1
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Stage 3

Stage 4

Stage 5

Stage 6
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Spectrum of conceivable events

Safety 
concept 

Limiting or representative events

          – Safety goals
        – Safety levels
     – Safety features
  – Defense-in-depht concept
– Safety functions

     – Provisions made to out events
  – Reviews to identify bounding requirements
– Categorization of events on safety levels

        Evaluation 
     of experience
   – Malfunctions
– Periodic 
  testing results

          – Detailed 
        accident analysis
     – Categorization of
      system functions
– Accident matrix

  – Criteria for 
    activity retention
– Compliance with
  radiological protection 
 regulation

– Structural
    provisions
  – Others

– Existing protec-
     tive functions
    – Bull-in margins
       – Emergency 
            procedures

Fulfi lment of safety functions

Final assessment

Fulfi lment of 
system functions

Fulfi lment of 
structure functions
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Contact: engineering-services@framatome.com
www.framatome.com 
It is prohibited to reproduce the present publication in its entirety or partially in whatever form without 
prior written consent. Legal action may be taken against any infringer and/or any person breaching the 
aforementioned prohibitions.

Subject to change without notice, errors excepted. Illustrations may differ from the original. The statements 
and information contained in this publication are for advertising purposes only and do not constitute an 
offer of contract. They shall neither be construed as a guarantee of quality or durability, nor as warranties 
of merchantability or fi tness for a particular purpose. All statements, even those pertaining to future events, 
are based on information available to us at the date of publication. Only the terms of individual contracts 
shall be authoritative for type, scope and characteristics of our products and services.

Technical information

We offer a wide range of deterministic safety analyses and 
assessments:
• Periodic safety review (PSR), safety status analysis (SSA)
• Determination of safety requirements for new-build 

projects
• Concepts for coping with external hazards leading to 

design extension conditions such as station blackout, 
loss of ultimate heat sink or loss of fuel pool cooling

• Protection against internal and external hazards 
 - Methodology for hazard analyses
 - Defi nition of safety requirements (e.g. break 
  assumptions, physical separation, fi re safety) 
 - Considerations for design-extension hazards including 
  airplane crash
• Robustness and weak point analysis
• Preliminary and fi nal safety analysis reports 
• Licensing documentation / licensing support for retrofi t 

projects 
• Elaboration and assessment of safety upgrades 
• Safety and seismic classifi cation of systems and 

components
• Technical specifi cations
• Elaboration of functional requirements for instrumentation 

and control
• Special topics (high energy pipe break, load drop analysis)
• Safety assessment for various plant states and operating 

modes
• Determination of safety requirements for systems, 

structures and components, e.g.:
 - Thermal-hydraulic plant analysis (transients, 
  loss-of-coolant accident (LOCA), non-LOCA)
 - Fluid dynamic analysis including short-term impacts 
  (water hammer, pressure waves, fl uid-structure 
  interaction, etc.) 
 - Pressure and temperature loads on buildings and 
  structures
 - Pressurized thermal shock analysis
 - Radiological consequences (onsite and offsite), fi ssion 
  product release
 - Concepts for core melt stabilization

Worldwide: Argentina, Belgium, Brazil, Bulgaria, China, Finland, France, Germany, India, Japan, Lithuania, 
Netherlands, Slovakia, Slovenia, South Africa, Spain, Sweden, Switzerland, Turkey, Ukraine, United Kingdom, 
United States

References

PSR

Non-LOCA 
transients

Accident analyses

LOCA

Probabilistic safety 
analysis (PSA)

SSA

Analysis of plant safety 
features according to 
the requirements and 
specifi cations of the 

safety concept

Verifi cation of 
the required 

safety functions based 
on deterministic 

criteria

Verifi cation of experiences 
for SSA and PSA e.g.:
● Reliability and failures
● Organization and 
 training
● Radiological data
● Recurrent tests and 
 fatigue

● Well balanced 
 safety measures 
 (no “outliers”)
● Evaluation of the 
 necessity of systems 
 functions as far as 
 relevant according 
 to SSA

Analysis of operation 
performance and 

operating experience

Summary evaluation of the 
safety status of the plant

Suffi cient precautions preventing damage

Objectives

Goal

● Load rejection to 
 auxiliary power
● Loss of one reactor 
 coolant pump
● Los of one main feed 
 water pump with failure 
 of standby pump to start
● Inadvertent opening of 
 all main steam bypass 
 valves
● Reactivity anomaly at 
 startup
● Others

● Large breaks
● Medium breaks
● Small breaks   

● Fuel assembly drop in 
 annulus
● Break in letdown line 
 in reactor auxiliary 
 building
● Break in coolant 
 carrying instrument 
 line in the reactor 
 building annulus
● Large-break LOCA
● Others

Radiological 
consequences

PSR

● Available safety 
 related system 
 and power supply 
 and their level of 
 redundancy and 
 diversity
● Available water 
 resources
● Building design 
 (e.g. resistance 
 against 
 internal / external 
 fl ooding)

● Preventive measures
● Mitigative measures
● Defense-in-depth

Identifi cation of 
items where safety 

improvements 
should be 

investigated

Generation 
of proposed 

modifi cations to 
increase plant 

safety level 

● Scenarios to be 
 considered
● Rules for systems 
 required to cope 
 with these 
 scenarios
● Final state to be 
 achieved / maintained 
● Defense-in-depth strategy
● Etc.

● Design of main safety 
 systems, e.g. core and 
 SFP cooling means during 
 power operation and 
 shutdown states
● Available water resources
● Design of power supply

Evaluation 
matrix

Countermeasure 
matrix

Input / check

Defi nition of 
safety targets

on the basis of critical 
safety functions: 

subcriticality, residual 
heat removal, 

confi nement of 
radioactive materials 

Analysis 
of current 

plant confi guration
(site visit, study of 

plant-specifi c 
documents)

In
pu

t

In
pu

t

Boundary 
conditions:
● Focus on complex 
 accident scenarios
● Site-specifi c 
 conditions 
 (platform level, 
 air / water 
 temperatures, 
 multi- / single-unit 
 site, etc.)
● Overall plant 
 concept

Weak point and robustness analyses

Example of evaluated events

Input

Step 3b

Step 3a

Step 1 Step 2


