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	RESOLUTION

	Rele-vance
	Comment No.
	Para/Line No.
	Proposed new text
	Reason
	Accepted
	Accepted, but modified as follows
	Rejected
	Reason for modification/rejection

	1
	1
	1.4
	1.4. The objective of this Safety Guide is to provide recommendations and guidance on performing deterministic safety analysis for designers, operators, regulators and technical support organizations. It also provides recommendations on the use of deterministic safety analysis in:

(a) Demonstrating or assessing compliance with regulatory requirements;
(b) Determination of the effectiveness of EOPs and SAMG measures

(c) Identifying possible enhancements of safety and reliability;
	A relevant application of deterministic safety analyses – especially after the Fukushima accidents – is also the determination of the effectiveness of both emergency operating procedures and preventive and mitigative severe accident management measures. Thus, the list should be expanded.
	
	
	
	

	3
	2
	2.4
	2.4. The results of computations are spatial and time dependent values of various physical variables (e.g. neutron flux; thermal power of the reactor; pressures, temperatures, flow rates and velocityies of the primary coolant; loads to physical barriers; concentrations of combustible gases, …
	In principle the concentrations of combustible gases like hydrogen and carbon monoxide are interesting. Thus, limitation of the concentrations to combustible gases.
The physical properties of the primary coolant have to be checked at different locations of the reactor circuit.
	
	
	
	

	1
	3
	2.18
	2.18. Source term is evaluated for operational states and accident conditions for the following reasons: 

(a) To ensure that the design is optimized so that the source term will be reduced to a level that is as low as reasonably achievable in all plant states; 

(b) To support by means of its quantification the demonstration that early or large releases can be considered as practically eliminated (should be done in co-operation with supporting probabilistic safety analyses); 

(c) To demonstrate that the design ensures that requirements for radiation protection, including restrictions on doses, are met; 

(d) To provide a basis for the emergency arrangements2 that are required to protect human life, health, property and the environment in case of an emergency at the nuclear power plant; 

(e) To specify the conditions for the qualification of the equipment required to withstand accident conditions.
(f) Provision of databases for training activities regarding emergency preparedness.
(g) Supporting Level 2 PSA analyses.
	The demonstration that early or large releases can be excluded can only be done in co-operation with probabilistc safety analyses. Thus, the usage of only deterministic event analyses is not sufficient.
Other relevant objectives of source term analyses are to deliver data for the training of emergency preparedness and supporting Level 2 PSA analyses.
	
	
	
	

	1
	4
	3.7
	3.7. For PIEs initiated in the spent fuel pool, specific operating modes related to typical loadings and fuel handling (e.g. emergency core unloading) should be also considered.
	The typical loadings of spent fuel pools (normal loading during power operation, partial loading during overall maintenance inspection, and full loading during repair actions inside RPV, in-service inspections of isolation valves of the reactor circuit and pressure tests) should be mentioned also.
	
	
	
	

	1
	5
	3.9
	(h) …;

(i) Normal operation of the spent fuel pool (normal loading during power operation, partial loading during overall maintenance inspection, and full loading during repair actions inside RPV, in-service inspections of isolation valves of the reactor circuit and pressure tests);

(j) … .
	See comment 4 above
	
	
	
	

	3
	6
	3.11
	3.11. Prediction of the plant behaviour in plant states other than normal operation (anticipated operational occurrences, design basis accidents and design extension conditions) should be based on a plant specific list of postulated initiating events (PIEs), possibly combined with additional equipment failures or human errors for specific event sequences definition.
	It should be pointed out that the list of PIE should be plant specific.
	
	
	
	

	1
	7
	3.19
	3.19. The set of PIEs should be identified in a systematic way. This should include a structured approach to the identification of the PIEs such as:

- Basis for the determination of the plant specific list of PIE should be the event spectrum determined by the vendor of the plant under examination;

- Use of analytical methods such as hazard and operability analysis (HAZOP), failure modes and effects analysis (FMEA), and master logic diagrams;
- Comparison with the list of PIEs developed for safety analysis of similar plants (ensuring that prior flaws or deficiencies are not propagated);

- Analysis of operating experience data for similar plants;

- Use of PSA Level 1 and Level 2 insights and results.
	As starting point for the development of the plant specific list of PIE the event spectrum of the plant developed by the vendor of the plant which should be available should be used. After that, the list must be modified by using the following mentioned steps. 
	
	
	
	

	2
	8
	3.23
	3.23. All PIEs should be subdivided into representative groups of event sequences taking into account the expected frequency of occurrence and its effect on the nuclear power plant. This approach allows the selection of the same acceptance criteria and/or initial conditions in each group, applying the same assumptions/methodologies, and identification of the worst accident (bounding case) in each group.
	It is not clear what is meant with “representative groups of event sequences”. E. g. the German understanding is that for each level of defense an own set of acceptance criteria exists. The suitable set of acceptance criteria will be applied to each event grouped into the level of defense under examination. Does group mean level of defense? If yes, does the last sentence mean that only one bounding case should be analyzed for each level of defense?

An adjustments of the expressions groups, categories, plant state (see table under 3.26) etc. used in the document should be adjusted.
	
	
	
	

	1
	9
	3.24
	3.24. The postulated initiating events associated with anticipated operational occurrences and DBAs should reflect specifics of the design, but typically should belong to the following types of transients:

 Increase or decrease of the heat removal from the RCS;

 Increase or decrease of the RCS flow rate;
 Increase or decrease of the RCS pressure;

 Anomalies in reactivity and power distribution in the reactor core or in the fresh or spent fuel storage;

 Increase or decrease of the reactor coolant inventory;

 Leaks in RCS without/with potential containment by-pass;
 Leaks inside and outside containment;
 Loss of offsite power;

 Reduction or loss of cooling of the fuel in the spent fuel storage pool;

 Release of radioactive material from a subsystem or component (typically from treatment or storage systems for radioactive waste).
	The list of event categories should be expanded as shown.
	
	
	
	

	2
	10
	3.26
	3.26. Within each type of PIE, the transients should also be subdivided into categories depending on the frequency of the PIE. Possible anticipated operational occurrences and DBA categories are the following:
Table

The assignment of each PIE to the frequency ranges has to be checked by an appropriate methodology. For events grouped under plant state AOO, an activation of safety systems for injection and/or heat removal is not allowed. Only operational systems and control and limitation systems are allowed to handle the events.
	In case that the grouping of events regarding their frequency is used for the classification of plant states (level of defense?), then the frequency of each event has to be checked in order to confirm the assignment of the events. Furthermore, there must be a demand that all events assigned to plant state AOO don’t progress in an activation of safety systems for injection and heat removal.
	
	
	
	

	1
	11
	3.29
	3.29. Typical examples of PIEs leading to DBAs should include those given below. This list is broadly indicative. The actual list will depend on the type of reactor and actual design:

—Increase in reactor heat removal: steam line breaks.

—Decrease in reactor heat removal: feedwater line breaks.

—Decrease in RCS flow rate: main coolant pump seizure or shaft break.

—Reactivity and power distribution anomalies: uncontrolled control rod withdrawal; control rod ejection; boron dilution due to the startup of an inactive loop, main steam line break (for a PWR).

—Increase in reactor coolant inventory: inadvertent operation of emergency core cooling.

—Decrease in reactor coolant inventory: a spectrum of possible LOCAs; inadvertent opening of the primary system relief valves; leaks of primary coolant into the secondary system.
—Long lasting Loss of Offsite Power (LOOP)

—Sudden loss of heat removal from irradiated fuel in the fuel pools: a break of piping connected to the water in the pool.

—Release of radioactive material from a subsystem or component: overheating of or damage to used fuel in transit or storage; break in a gaseous or liquid waste treatment system.
	Completion of the list
	
	
	
	

	3
	12
	3.32
	3.32. A reasonable number of limiting cases, which are referred to as bounding or enveloping scenarios, should be selected from each category of events. …
	The understanding of the term ‘category’ is not clear and therefore an adjustment of the expressions is needed (see comment 8).
	
	
	
	

	3
	13
	3.35
	3.35. In addition, there are a number of other different types of PIEs that would result in a release of radioactive material outside the containment and whose source term should be evaluated. Such accidents include:

(a) A reduction in or loss of cooling of the fuel in the spent fuel pool (if pool is located outside containment);

(b) …
	Here a clarification for special types of reactors is necessary, as there are also reactors in operation with spent fuel pools located inside the containment.
	
	
	
	

	2
	14
	3.36
	3.36. The frequency associated to a type of anticipated operational occurrences or DBA should combine the frequencies of all PIEs that have been grouped together.
	The link to frequencies is not clear. Furthermore, the relevance of determination of frequencies of PIEs in the frame of deterministic event analyses is not clear.

An adjustment of the expressions is needed (see comment 8) because it is unclear what “grouped together” means.
	
	
	
	

	2
	15
	3.41
	3.41. Although design extension conditions are, to a large extent, technology and design dependent, the list below should be used as preliminary reference of design extension conditions without significant fuel degradation and to be adapted plant specifically:

 very low frequency initiating events typically not considered as DBA

- uncontrolled level drop during mid-loop operation (PWR) or during refuelling
	From the experience - at least with German design PWRs - the occurrence of the level drop during mid-loop operation is not an event with a very low frequency. It has got also a relevant contribution in the Level 2 PSA and for German PWRs the event is treated as a DBA.
The classification as an event with very low frequency should be checked again.
	
	
	
	

	1
	16
	3.46
	3.46. Deterministic safety analysis should consider that the features to prevent core melting fail or are insufficient and an accident sequence will further evolve into a severe accident. Some representative sequences should be selected by adding additional failures or incorrect operator responses to the DBA or design extension conditions sequences, and to by using the dominant accident sequences identified in the Level 2 PSA and by selecting scenarios of Level 2 PSA with large releases independently from their frequencies.
	For selection of possible sequences also scenarios of Level 2 PSA with large releases should be considered independently from a very low frequency.
	
	
	
	

	3
	17
	3.56, Page 19
	3.56. The event sequences requiring specific demonstration of their “practical elimination” should be classified as follows, if need be with a design specific adaption:
	Is the colored part of the sentence necessary? Deletion improves readability.
	
	
	
	

	2
	18
	3.56, Page 20
	3) Severe accident phenomena which could lead to late containment failure:

a. Molten core concrete interaction (MCCI)
b. Loss of containment heat removal
	Current experiences with severe accident analyses for different reactor types have shown that late failure of containment by MCCI cannot be practically eliminated, especially for older plant designs. May be for next generation plants like EPR that might be possible.
Checking if that can be listed here as a scenario which can be practically eliminated.
	
	
	
	

	2
	19
	4.5
	—Detailed/derived technical criteria which relate to integrity of barriers (fuel matrix, fuel cladding, RCS pressure boundary, containment) against radioactive releases. They are typically proposed by the designer and subsequently approved by the regulatory body for use in the safety demonstration.
	Detailed/derived technical criteria (e.g. max. cladding temperatures, max. fraction of cladding oxidation, max. hydrogen concentration, etc.) ion, are often regulatory requirements, too.
	
	
	
	

	2
	20
	4.7
	4.7. Radiological acceptance criteria expressed in terms of doses may be conveniently transformed into acceptable releases for different radioactive isotopes in order to decouple nuclear power plant design features from the characteristics of the environment.
	Meaning of the colored part of the sentence is unclear.
	
	
	
	

	1
	21
	4.13
	 Criteria related to integrity of nuclear fuel located outside the reactor: adequate subcriticality, adequate water level above the fuel assemblies, and adequate heat removal

 …
 Criteria related to integrity of the containment and limitation of releases to the environment: duration and value of maximum and minimum pressure, maximum pressure differences acting on containment walls, avoiding containment low-pressure, leakages, concentration of flammable/explosive gases, and acceptable working environment for operation of systems.
	Addition of some criteria for the sake of completeness
	
	
	
	

	1
	22
	5.6
	(c) The nodalization, selected models and assumptions match the ones chosen for SET and IET used for the qualification of the application
	The nodalization of a plant modelling will be different to the nodalization for test sections of single effect tests and integral effect tests. E.g. the core region is subdivided into several rings of thermal hydraulics channels, larger amount of fuel assemblies has to modelled, internals of RPV has to be modelled, different injection and discharge of reactor coolant, etc. Thus, the demand of equal nodalization should be deleted.
	
	
	
	

	2
	23
	6.3
	6.3. To demonstrate compliance with anticipated operational occurrences acceptance criteria, two complementary approaches should be considered, the realistic approach, using plant control and limitation systems (para 7.17-7.26) and a more conservative approach, using only safety systems (para 7.27-7.44).
	The intention of the approach is not clear. From German experience it is only allowed to handle AOOs with operational systems. The usage of safety systems for AOOs is forbidden. Thus, the analyses of AOOs should only consider operational systems available during the transients. The usage of safety systems would contradict the level-of-defense concept.
Is the intention of the more conservative approach to show that in case of the failure of operational systems the transition to the DBA level can be managed by the plant design?
Should be discussed.
	
	
	
	

	2
	24
	7, Page 35 to 42
	-
	General Comment:
The intention regarding the selected structure of Chapter 7 is unclear.

For AOOs both conservative and best estimate approaches are discussed.

For DBA only the conservative approach is treated. The best estimate approach for DBA is missing. Should be added.
The structure of chapter 7 should be made more clear (improvement of the order of the sections)
	
	
	
	

	2
	25
	7.27
	7.27. Conservative analysis8 of anticipated operational occurrences and DBAs should demonstrate that the safety systems alone are capable of fulfilling the following safety requirements
	The AOOs should only be handled by operational systems. The usage of safety systems should only be allowed for DBA and design extension conditions (see also comment 23).
The conservatism regarding AOOs should be considered e. g. by unfavorable initial and boundary conditions.
	
	
	
	

	3
	26
	7.28
	7.28. The safety analysis should demonstrate that the acceptance criteria relevant to the event are met. In particular, it should be demonstrated that some or all of the barriers to the release of radioactive material from the plant will maintain their integrity to the extent required.
	The German understanding is that all barriers have to maintain for the AOOs. That is reflected by the set of acceptance criteria used for that level of defense.

For DBA in maximum two barriers (fuel matrix and fuel rod cladding) of a limited number of rods are allowed to fail.
Modification of the formulation of the sentence?
	
	
	
	

	1
	27
	7.32
	7.32. Specific decoupling criteria should be defined in order to prove that the three main safety functions can be ensured in any condition and that, in an anticipated operational occurrences or DBA, at least one safety barrier remains able to limit the radiological releases to the environment.
	For AOOs and DBAs the requirements should be that more than one barrier will be intact.
Modification of the wording?
	
	
	
	

	3
	28
	7.33 Page 40
	— …
—In DBAs accidents with fuel uncovering and heatup, a coolable geometry and structural integrity of the fuel rods should be maintained.

— …
	The relevant group of events for that requirement should be made clearer.
	
	
	
	

	1
	29
	7.33 Page 41
	—There should be no initiation of a brittle fracture or ductile failure from a postulated defect of the reactor pressure vessel (RPV) during the plant design life for the whole set of transients and postulated DBAs accidents. 

— …
	The relevant group of events for that requirement should be made clearer.
	
	
	
	

	1
	30
	7.35
	- Single failure should be assumed to occur in the operation of the safety systems groups required for the initiating event, in addition to the initiating failure and any consequential failures. Dependent on the selected acceptance criterion the single failure should be put to a system/component leading to the largest challenge for the safety systems. If the single failure is applied to the reactor scram system, the insertion of the control rod that has the greatest effect on reactivity should be assumed to fail.
	Single failures are only postulated for safety systems.
It should be mentioned where to put a single failure in order to reach the worst initial and boundary condition for the analysis.
	
	
	
	

	2
	31
	7.43
	7.43. In addition to the postulated initiating event itself, for DBAs a loss of off-site power should be considered as additional conservative assumption. LOOP should be considered as an additional failure occurring at a time which has the most negative effect regarding the barrier integrity, then some acceptance criteria should be adapted taking into account the probability of this combination.
	Should the superposition of initiating events with the LOOP be limited to DBAs? That seems to be common practices.
	
	
	
	

	2
	32
	7, Page 42
	- 
	A chapter regarding detailed deterministic analyses for DBA is missing.
See also general comment # 24
	
	
	
	

	1
	33
	7.50
	7.50. The single failure criterion need not be applied in the analysis of design extension conditions without significant fuel degradation. Furthermore, no additional failure of a system/component due to maintenance has to be considered.
	For clarification it should be mentioned that also no additional failure of a system/component due to maintenance has to be considered.
	
	
	
	

	2
	34
	7.51
	7.51. Non-permanent systems and equipment should not be considered for demonstration of adequacy of the nuclear power plant design. Such equipment is typically considered to operate for long-term sequence and is considered available in the development of emergency operating procedures or accident management guidelines.
	Mobile equipment is also used for preventive measures, like a mobile pump for secondary side feeding of steam generator. Their effectiveness is also shown by deterministic event analyses. Preventive measures by portable equipment should not be excluded here by definition.
	
	
	
	

	2
	35
	7.52
	7.52. Conservative assumptions as described for DBAs should be used to the extent practicable. A more realistic approach that considers the information available and the inherent uncertainties in the data might be acceptable but should also consider the additional challenges of design extension conditions.
	The best-estimate approach should be used for design extension without significant fuel degradation. Those analyses e. g. are performed for showing the effectiveness of preventive EOPs.
	
	
	
	

	1
	36
	7.56
	7.56. For design extension conditions without significant fuel degradation, single failure criterion does not need to be applied.
	That is a repetition (see also 7.50). Should be deleted here.
	
	
	
	

	1
	37
	7.57
	7.57. The analysis of severe accidents should identify the most severe plant parameters resulting from the core melt sequences, and demonstrate that:

- the plant can be brought into a state where the containment functions can be maintained in the long term

- the plant structures, systems, and components (e.g., the containment design) are capable of preventing large or early releases, including containment by-pass; SAM measures to minimize the release of radionuclides into the environment are working.
- control locations remain habitable to allow performance of required staff actions.
- planned severe accident management measures are effective.
	The extension of the list regarding the assessment of severe accident management measures has been done. 
	
	
	
	

	2
	38
	7.58
	7.58. The safety analysis of severe accidents should demonstrate that compliance with the acceptance criteria is achieved by features implemented in the design and not by implementation of accident management guidelines.
	It is not clear why mitigative severe accident management measures are excluded. One of the main objectives of deterministic severe accident analyses is also to show the effectiveness of SAM measures. Furthermore, for the usage of SAMGs computational aids are necessary which are developed by deterministic event analyses. Another demand is the ALARA principle mentioned e. g. in 2.18 and 4.6. The compliance of the principle has to be shown also for design extension conditions by deterministic event analyses.
	
	
	
	

	2
	39
	7.60
	7.60. Technical acceptance criteria should ensure that containment integrity is maintained. Examples of acceptance criteria for design extension conditions analysis would include limitation of the containment pressure, temperature and hydrogen concentration and stabilization of molten corium.
	That paragraph is incomplete because another upstream safety goal is the prevention of RPV failure. For this, acceptance criteria can also be listed, like retention of core melt inside RPV, external cooling of RPV etc..
	
	
	
	

	1
	40
	7.64
	7.64. Single failure criterion need not be considered in severe accident analysis. Furthermore, no additional failure of a system/component due to maintenance has to be considered.
	See Comment 33.
	
	
	
	

	2
	41
	7.67
	7.67. Analysis of severe accidents should be performed using a realistic approach in Table 2, (to the extent possible). Since explicit quantification of uncertainties may be impractical due to complexity of the phenomena and insufficient experimental data, sensitivity analyses should be performed to demonstrate the robustness of the results and the conclusions of the severe accident analyses.
	That paragraph is appropriate but it is also in contradiction to paras 7.52 and 7.58 (see comments 35 and 38).
Paras 7.52 and 7.58 should be adjusted.
	
	
	
	

	2
	42
	8.7
	8.7. The simulation models and the main assumptions used in the analysis for demonstrating compliance with each specific acceptance criterion should be described in detail introduced, including description of the scope of validation of the model. This description should include potentially different approaches used for each plant state.
	It is very important especially for the review of the computational results to describe the input deck of the plant under examination and the assumptions made in detail. Otherwise, for the reviewer it could be hard to understand the results of the analyses.
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