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1. Introduction 
 

The project envisages development of methodological guidance and provision of 
methodological support of all procedural steps necessary for the development and 
validation related to:  

� Severe Accident Management Guidelines development for full power, low 
power and shutdown modes;  

� Symptom Based Emergency Operating Procedure’s (SB EOP’s) for 
shutdown modes; 

2. Objectives 
 

General objectives of the project:  

� Transfer the best international practice in NPP safety assurance during 
design basis, beyond design basis accidents and severe accidents for both 
at power and shutdown states to NNEGC Energoatom; 

� Reduce the probability of human errors during diagnostics and decision 
making while responding to:  

• an incident / accident, which could occur in a shutdown state of the 
reactor; 

• severe accidents which could occur for both at power condition and 
shutdown state of the reactor.  

� Integral emergency documentation system at Ukrainian NPPs; 

� Give basis in NNEGC Energoatom for the development of the modern 
Accident Management Programme.  

3. Global scope 
 

The types of reactors and respective pilot units that are included in the scope are: 

� WWER-440/B213 (Rivne NPP Unit 1); 

� WWER-1000/302 (South Ukranian NPP Unit 1); 

� WWER-1000/320 (Zaporozhie NPP Unit 5 or Unit 1); 
Potential sources of radiation hazards are: 

� Reactor Core (RC);  

� Spent Fuel Pond (SFP); 

Refueling Pond (RFP).  

4. SAMG development 

4.1 SAMG objectives 

� Ascertain the set of criteria defining the beginning of escalation of the beyond 
design-basis accident to the severe phase of its development; 

� Identify the symptoms (i.e. parameters and their values) by which the staff of 
the Unit in emergency could identify the status of the critical safety functions 

 

� protecting the plant safety barriers (fuel pellet, fuel cladding, primary circuit pressure 

boundary and containment); 

� Identify the severe accident phenomena and mechanisms by which these phenomena 

could pose a threat to the integrity of the safety barriers preventing the transport of 
fission products. This work shall consider various operational states of the power 

Unit, including outage with opened containment;  

� Assess the timeframe of severe accident phenomena impact on the integrity of the 
safety barriers to identify the possibility of timely intervention by the staff; 

� Identify the Unit Systems, Structures and Components (SSC), and the material 

resources which could be used for the management of severe accidents.  

� Make sure that the severe accident management actions are effective in ensuring the 
safety barrier integrity; 

� Assess the I&C operability in the severe accident conditions; 

� Develop and validate a complete set of Severe Accident Management Guidelines for 

the pilot NPP units; 

� Identify the computational aids and diagnostic tools needed to support the usage of 
the SAMG guidelines; 

� Master the state-of-the-art methods and approaches to verification and validation of 
emergency procedures; 

� Elaborate an industry methodological guideline on drafting and follow-up of the 

SAMGs; 

� Harmonize the SAMGs with other emergency operating documents acting at the 
pilot NPP units;  

� Disseminate the project results to the other (non-pilot) Units in accordance with the 

strategy of the NNEGC "Energoatom“.  

4.2 SAMG activities 

Subtask 3.1: Preparatory work for development of strategies for severe accident 
management guidelines 

Consultant  End User/Beneficiary  

1. Prepare a procedural guideline PG 3.1;  

2.  Identify the methods for severe accident 
analysis and codes;  

3.  Supervise the work for the computational 
models adaptation; 

4.  Verify the models for correspondence with 
the existing input data; 

5.  Identify the main phases of the severe 
accident progression for three pilot units; 

6. Issue a technical report for Subtask 3.1.  

1. Review and agree on the procedural guideline PG 

3.1;  

2. Support the Consultant in the selection of methods 
for severe accident analysis and codes;  

3. Develop, modify and/or update the computational 
models; 

4. Validate the models for severe accident analyses 
models (different accident scenarios have been 
verif ied by the Consultant) ; 

5. Perform the required calculations for identification 
of the main phases of severe accident progression 
for the pilot units; 

6. Review and agree on the technical report for Sub-

task 3.1.  

 

Subtask 3.2: Identification of severe accident management strategies and possible 
actions 

Consultant  End User/Beneficiary  

1. Development of procedural guideline PG-
3.2; 

2. Identification of possible high-level actions 
of respond to challenges/phenomena; 

3. Selection of acceptable severe accident 
management strategies; 

4.  Identification of the criteria (parame-
ter/values) in order to identify the physical 
state of the affected unit; 

5. Determine the criteria (parameter values) 
for assessment of the severe physical 
state of the affected unit (for each of the 
strategies); 

6. Assessment of the strategies which may 
be used at each phase of  severe  acci-
dent progression; 

7. Identify the conditions of transition to se-
vere accident management (determine the 
key parameters to determine this transi-
tion); 

8. Recommend a strategy regarding em-
ployment of emergency operating proce-
dures when the severe accident manage-
ment domain is to be entered;  

9. Define the parameters to ensure that safe 
and stable conditions have been reached 
to Supervise the End User/Beneficiary 
while performing any plant model modifi-
cation or analytical or computer code cal-

culations;  

10.  Draft a technical report for Subtask 3.2.  

1. Review and agree on the procedural guideline PG 
3.2;  

2. Perform code calculations, needed to determine 
the accident management strategies and possible 
actions;  

3. Review the selection for the severe accident man-
agement guidelines strategies and actions, and 
endorse the selection; 

4. Review the selection of the parameters, defining 
the transition to severe accident management 

guidelines, and endorse the selection; 

5. Review the selection of the strategy for the parallel 
use of symptom-based emergency procedures and 
severe accident management guidelines, and en-

dorse the selection; 

6. Review the selection of the parameters which en-
sure that safe and stable conditions have been 
successfully achieved and endorse the selection; 

7. Review and agree with the technical report.  

 

Subtask 3.3: Assessment of the availability, applicability and adequacy of struc-
tures, systems and components required for the SAMG 

Consultant  End User/Beneficiary  

1. Development of procedural guideline PG-
3.3;  

2. Preparing a list of the available and addi-
tionally required technical means, (struc-
tures, systems and components) which 
could be used during implementation of 
the chosen accident management actions; 

3. Preparing a list of the possible means of 
monitoring and measurement for a re-
quired parameter; 

4. The Consultant will issue a technical re-
port for Subtask 3.3.  

1. Review and agree on the procedural guideline PG 
3.2; 

2. Support to the Consultant for establishing a list of 
possible means of monitoring and measurement 
for a required parameter; 

3. Analyze the operability of a plant safety system 
and a normal operation system (for dependences 
and efficiency), and instruments (for measurement 
range) in SA condition even in „station black-out“;  

4. Review and agree on the technical report for Sub-
task 3.3.  

 

 

Subtask 3.4: Development of a writer’s guide and a user’s guide  

Consultant  End User/Beneficiary  

1. Decide together with the technical manag-
ers of the severe accident management 
guidelines and joint working group the 
structure (format) and technical contents 
of a standard severe accident manage-
ment guidelines; 

2. The writer’s guide and user’s guide will 
describe the scope of the severe accident 
management guidelines and will  establish 
the overall rules for the preparation and 
maintenance of the severe accident man-
agement guidelines as well for their us-
age;  

3. Issue a technical report for subtask 3.4 
presenting as a minimum the major 
choices made regarding structure and 
technical contents of a standard severe 
accident management guidelines and in-
cluding a copy of the new writer’s guide 
and user’s guide.  

1. Review and agree on the structure and content of 
the writer’s guide and a user’s guide developed by 
the Consultant; 

2. Review the technical report for subtask 3.4 and 
endorse it; 

3. Review the technical report for subtask 3.4 and 
endorse it before commencement of subtask 3.5.  

 

Subtask 3.5: Agreement of the accident management strategies and severe accident 
management guidelines format with the SNRCU  

Consultant  End User/Beneficiary  

1. Provide to the End User/Beneficiary, the 
entire documents and results obtained so 
far in order to allow the End 
User/Beneficiary to present the results of 

the first phase of this project to State Nu-
clear Regulatory Committee of Ukraine; 

2. Make some additional or corrective ac-
tions in result of Regulator’s review results 
on the previous Subtask reports; 

3. Start in advance some work of the next 
steps provided a prior approval;  

4. Based on the comments of the State Nu-
clear Regulatory Committee of Ukraine, 
the Consultant will update issued technical 
reports.  

1. Present and agree with State Nuclear Regulatory 
Committee of Ukraine on the severe accident 
management strategies as defined in subtask 3.2; 

2. Present and agree with State Nuclear Regulatory 
Committee of Ukraine on the structures, systems 
and components (including modernization needed 
and the means of monitoring and measurement 
available during severe accidents, as defined in 
subtask 3.3;   

3. Present and agree with State Nuclear Regulatory 
Committee of Ukraine on the structure of severe 
accident management guidelines to be developed 
in the next phase of this project, as defined in sub-

task 3.4.  

 

 

Subtask 3.6: Severe accident management guidelines writing  

Consultant  End User/Beneficiary  

1. Issue a procedural guideline (PG-3.6);  

2. Organize training for all future SAMG writ-
ers (on Consultant and the End 
User/Beneficiary side); 

3. Identify the computational aids and diag-
nostic tools needed to support the usage 
of the SAMG (with parameter graphs, dia-

grams, tables, etc.); 

4. Selection of the threshold values of moni-
tored parameters for correct assessment 
of the unit state or potential risks (Imple-
mentation of this item will be based on the 
results obtained from subtask 3.3); 

5. Support to the End User/Beneficiary to 
perform the analyses needed to access 
the physical accessibil ity of equipments 
which require local action during a severe 

accident; 

6. Write the first six SAMGs and their techni-
cal specifications (two per a pilot unit); 

7. Define the severe accident management 
guidelines Validation Programme, by de-

termining appropriate method, scope and 
procedure of validation; 

8. Issue the Technical Report for Subtask 
3.6. 

1. Review and agree on the procedural guideline 
(PG-3.6);  

2. Under the supervision of the Consultant, identify 
and distribute the roles and responsibilities for:  

� Control room operators; 

� Field operators; 

� Nuclear power plant shift supervisors; 

� Members of the nuclear power plant crisis man-
agement centers; 

� Nuclear power plant head offices; 

� Technical support groups;  

� NNEGC Energoatom headquarters crisis centre; 

3. Under the supervision of the Consultant, ensure 
smooth transition from the existing SB EOP‘s to 
SAMGs;  

4. Prepare graph and diagram used for diagnostics 
and CA‘s;   

5. Write the SAMGs;  

6. Perform the analyses needed to assess the physi-
cal accessibility of equipments which require local 
action during a severe accident; 

7. Modify existing EOP‘s as appropriate to take into 
account newly developed SAMGs; 

8. Review the technical report for subtask 3.6.  

 

Subtask 3.7: Severe accident management guidelines verification, validation and 
workshop 

Consultant  End User/Beneficiary  

1. The consultant will issue a procedural 

guideline (PG-3.7); 

2. Conduct verification of the severe accident 
management guideline; 

3. Conduct validation of the severe accident 
management guidelines (validation pro-
gramme is subject of subtask 3.6); 

The outputs of that Task wil l be:  

1. Procedural guideline 3.7; 

2. Verification guide; 

3. Validation guide; 

4. Technical report for subtask 3.7. 

1. Review and agree on the procedural guideline 

(PG-3.7) for this subtask; 

2. Reserve free access periods to the various full 
scope simulators for the Consultant and the End 
User/Beneficiary team during the validation proc-
ess of the severe accident management guide-
lines; 

3. Participate in the verification/validation programme 
conducted by the Consultant for the severe acci-
dent management guidelines package; 

4. Review and agree on the technical report for sub-
task 3.7.  

 

 

4.3 Specific results for Severe Accident Management Guidelines 

� Identified and developed severe accident management strategies for the pilot 
Units: RNPP-1 (VVER-440/V-213), ZNPP-5 (VVER-1000/V-320), SUNPP-1 
(VVER-1000/V-302) for all possible Plant Configurations (during full power 
and shutdown states); 

� Written and validated SAMG packages for the pilot Units;  

� Written Procedural Guidelines for every Subtask of SAMG development with  
step by step description of accomplishment process;  

� The staff of the Energoatom pilot and non-pilot Units received training in 
practical application of all procedural steps of the SAMG development;  

� The End User's personnel have gained the theoretical knowledge and 
practical skills of drafting, follow-up and application of the whole set of the 
SAMGs at NPP pilot units; 

� Standard methodological guidelines developed for the SAMG maintaining 
and updating, including work Quality Assurance issues.  

5. EOP’s Development  

5.1 EOP’s objectives 

� To ensure in-depth understanding by the NPP personnel of a root cause and 
consequences of the incident/accident under various operational states of 
the plant with the shutdown reactor; 

� To get assured in completeness and adequacy of the available 
organizational and engineering measures to respond to each of the 
considered incidents/accidents. 

� To identify (for each considered NPP unit) possible design and operation 
drawbacks and to plan adequate corrective actions; 

� To elaborate the Symptom Based Emergency Operating Procedures for 
Shutdown State (SB EOP SR) for the pilot NPP units; 

� To master the state-of-the-art methods and approaches to verification and 
validation of emergency procedures; 

� To elaborate an industry methodological guideline on drafting and follow-up 
of the SB EOPs for the shutdown reactor; 

� To harmonize the SB EOP SR with other emergency operating documents 
acting at the pilot NPP units; 

� To disseminate the project results to the other (non-pilot) units in accordance 
with the strategy of the NNEGC "Energoatom”. 

 

 

5.2 EOP’s activities 

Subtask 4.1: Development of the Initiating Events (IE) list for the shutdown reactor 
state  

Consultant  End User/Beneficiary  

1. Preparation of a procedural guideline PG 
4.1;  

2. Collection of Input data and analysis; 

3. Compile a Generic List of Initiating Events 
(IE) for Western NPPs with PWR and 
VVER reactors for the shutdown state;  

4. Support to the End User/Beneficiary for:  

� Development (separately for each of the 

mentioned VVER designs) of the Ex-
tended Standard List and the Plant specif-
ics lists of IE for the shutdown reactor; 

� IE grouping;  

5. Issue a technical report for Subtask 4.1.  

1. Review and agree on the procedural guideline PG 
4.1; 

2. Compile a Generic List of IEs available from 
NNEGC Energoatom NPP design sources, appli-
cable safety studies and operation experience; 

3. Collect input data and analysis of TSSO, SAR ma-
terials, Reports on violation of Limiting Conditions 

for Safe Operation (LCO) and etc.; 

4. Develop an Extended Standard List of Initiating 
Events (IE) for the shutdown reactor state regard-
ing the following three potential sources of radia-
tion hazards:  

� Reactor Core (RC); 

� Spent Fuel Pond (SFP); 

� Refueling Pond (RFP).  

5. Review and agree on the technical report for Sub-
task 4.1.  

Subtask 4.2: Identification, development and analytical justification of the accident 
management strategies 

Consultant  End User/Beneficiary  

1. Prepare a procedural guideline PG 4.2;  

2. Methodological support to the End 
User/Beneficiary for:  

� Verification and validation of the input data 
deck for the computer codes; 

� Identification and development of the ac-
cident management strategies and their 
analytical justification.   

3. Issue a technical report for Subtask 4.2.  

1. Review and agree on the procedural guideline PG 
4.2; 

2. Preparatory works: 

� Input data collection and analysis; 

� Update of the databases for NSSS, SFP, RFP and 
containment, which were developed as part of 
SAR; 

� Verification and validation of the input data decks 
for the computer codes  

3. Identification and development of the accident 
management strategies and their analytical justifi-
cation: 

� Determination of the Unit response to each IE; 

� Identification and documentation of the design's 
and EOP’s weaknesses; 

� Identification of the applicable accident manage-
ment strategies in accordance with the predefined 
criteria; 

� Determination of the minimum required number of 
analytical justifications; 

� Refinement of the calculation models and analyti-
cal justification of the selected accident manage-
ment strategies for pilot power Units;  

� Agreement and correction of the accident man-

agement strategies for non-pilot NPP units.   

4. Review and agree on the technical report for Sub-
task 4.2.  

 

 

Subtask 4.3: Develop a Writer’s Guide and a User’s Guide  

Consultant  End User/Beneficiary  

1. Decide, jointly with the SB EOP SR JWG 
Ukrainian technical managers, the struc-
ture (format) and technical contents of a 
standard SB EOP SR; 

2. Produce a Writer ’s Guide and a User’s 
Guide to fully describe the format and con-
tent of the procedures, transitions between 
the procedures, transition between SB 
EOP SRs and SAMG; 

3.  Issue a technical report for Subtask 4.3.  

1. Review and agree on the structure and content of 
the Writer ’s Guide and a User’s Guide developed 
by the Consultant; 

2. Review the technical report for Subtask 4.3 and 
endorse it before Subtask 4.4 starts.  

 

Subtask 4.4: Agreement of the accident management strategies and SB EOP SR 
format with the regulatory authority 

Consultant  End User/Beneficiary  

1. Provide to the End User/Beneficiary, the 
entire documents and results obtained so 
far in order to allow the End 
User/Beneficiary to present the results of 
the first phase of this project to State Nu-
clear Regulatory Committee of Ukraine; 

2. Make some additional or corrective action 
in result of Regulator’s review results on 
the previous Subtask reports; 

3. Start in advance some work of the next 
steps provided a prior approval;  

4. Based on the comments of the State Nu-
clear Regulatory Committee of Ukraine, 
the Consultant will update issued technical 
reports.  

1. Present and agree with State Nuclear Regulatory 
Committee of Ukraine and agree with SNRCU on 
the list of IE defined during the first phase of this 
project as defined in subtask 4.1;   

2. Present and agree with State Nuclear Regulatory 
Committee of Ukraine on SB EOP SR strategies 

and possible actions defined during the first phase 
of this project (Subtask 4.2); 

3. Present and agree with State Nuclear Regulatory 
Committee of Ukraine on the structure of SB EOP 
SR procedures to be developed in the next phase 
of this project (Subtask 4.3); 

4. Provide regular feedback to the Consultant during 
the discussion with SNRCU.  

 

Subtask 4.5: Development of the SB EOP SR procedures and their technical justifi-
cation  

Consultant  End User/Beneficiary  

1. Prepare a procedural guideline PG 4.5; 

2. Organize a training (workshop(s)) for all 
future SB EOP SR writers (on End 
User/Beneficiary side) on SB EOP SR 
strategies previously defined for the three 
types of VVER Pilot Units and on Writer’s 

Guide and a User’s Guide usage;  

3. Methodological support the End 
User/Beneficiary for:  

� Development of SB EOP SR procedures 
for the Ukrainian pilot units with technical 
justif ications of these procedures; 

� Identification for additional calculations 
and analytical justifications of the strate-
gies.  

4. Issue a technical report for Subtask 4.5.  

1. Review and agree on the procedural guideline PG 
4.5; 

2. Participate in training (workshop(s));  

3. Development of SB EOP SR procedures for the 
Ukrainian pi lot  units with technical justifications of 
these procedures; 

4. Review and agree on the technical report for Sub-
task 4.5.  

 

 

Subtask 4.6: Verification, Validation and workshop on SB EOP SR  

Consultant  End User/Beneficiary  

1. Prepare a procedural guideline PG 4.6; 

2. Conduct verification of the SB EOP SR 

procedures;  

3. Develop SB EOP SR Validation Pro-
gramme;  

4. Conduct validation of the SB EOP SR pro-
cedures; 

5. Organize a training (workshop) for the 
members of the SB EOP SR JWG and 
DWG of all NPP sites in order to present 
them a complete overview of the SB EOP 
SR package developed and the dissemi-
nation process started by this way;  

6. Issue a technical report for Subtask 4.6.  

1. Review and agree on the procedural guideline PG 
4.6; 

2. Reserve free access periods to the different Full 
Scope Simulators for the Consultant and End 
User/Beneficiary team to validate the SB EOP SR 
procedures;  

3. Conduct verification and validation of SB EOP’s 
packages for Non-Pilot Units; 

4. Review and agree on the technical report for Sub-
task 4.6.  

 

5.3 Specific results for Symptom Based Emergency Operating Procedures 

� Identified and developed Symptom Based Emergency Operating Procedure 
strategies for the pilot Units: RNPP-1 (VVER-440/V-213), ZNPP-5 (VVER-
1000/V-320), SUNPP-1 (VVER-1000/V-302) for shutdown conditions; 

� Written and validated SB EOP SR packages for the pilot Units; 

� The staff of the Energoatom pilot and non-pilot Units received training in 
practical application of all procedural steps of the SB EOPs SR development;  

� The End User's personnel have gained the theoretical knowledge and 
practical skills of drafting, follow-up and application of the whole set of the SB 
EOPs SR at NPP pilot units; 

� Standard methodological guidelines developed for the SB EOPs SR 
maintaining and updating, including work Quality Assurance issues.  
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