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Criterion CR1.3.1 asks for a reduced calculated frequency of occurrence of design basis accidents compared to existing facilities.
The acceptance limit AL1.3.1 (Reduced frequency of accidents that can cause plant damage relative to existing facilities) of CR1.3.1 is met if evidence is available to the INPRO assessor that the INS shows lower frequencies of accidents with respect to existing comparable designs. For an INS, these frequency values, as well as the consequences of accidents, imply larger uncertainty ranges than those for existing reactors.

A. Background information

The assessment method described in the INPRO Manual IAEA-TECDOC-1575-Safety of Nuclear Reactors requires for many INPRO criteria to compare the Innovative Nuclear System (INS) assessed with an existing (latest design operating in 2004) plant. Thus, for each advanced design (INS) an appropriate reference design (of such an operating plant) is needed.

In the present example, two boiling water reactor (BWR) designs have been selected:

· The operating (existing) Referemce-BWR-1200 as the reference plant ; and 

· The INS-BWR-1000 as an INS (offered a commercial product by a supplier) to be assessed. 

Information on calculated frequency values of design basis accidents of the INS-BWR-1000 is given in part B, and comparable results of the Reference-BWR-1200 are given in part C. 

Both reactors are large size Light Water Reactors (LWR) designs (700 MWe and larger). 
The goal of this exercise is to assess the INS-BWR-1000 against the Reference-BWR-1200 for Criterion CR1.3.1 in the area of safety of nuclear reactors. The assessment can be performed in eNESA and with the use of the INPRO Manual IAEA-TECDOC-1575-Safety of Nuclear Reactors.

B. INS-BWR-1000

Data of frequencies of occurrence of design basis accidents (DBA) are mostly propriety for new commercial products such as the INS-BWR. Therefore, the calculated frequencies are given as 
(Factor) times (E-nn/year) for power states or 
(Factor) times E-mm/per refueling for plant shutdown states. 
To give a better illustration of the value of the “factor” the following definition is applied:

· Factor(+) corresponds to a factor between 5 – 9   and

· Factor(-) corresponds to a factor between 1 – 4.

For shutdown states one refueling per year is assumed.

For the INS-BWR-1000 the following frequency values have been calculated: 
	
	State of reactor

	DBA
	Normal operation
	Shutdown/refueling

	TRANSIENTS
- Loss of auxiliary power
- Loss of main feed water supply
- Loss of main heat sink
- Loss of main heat sink and main feed water supply
- Inadvertently opened and stuck-open safety relief valve
	
Factor(+) x E-2
Factor(-) x E-1
Factor(+) x E-1
Factor(-) x E-1
Factor(-) x E-1
	

	ATWS
	Factor(+) x E-5
	

	PIPE BREAK ACCIDENTS OUTSIDE CONTAINMENT
- Feed water pipe break outside containment
- Main steam line break outside containment
- Break in the RWCU extraction line outside containment
	
Factor(-) x E-3
Factor(-) x E-3
Factor(-) x E-3
	

	LOCA INSIDE THE CONTAINMENT

- Small-break LOCA inside containment
- Leak at RPV bottom head
	
Factor(-) x E-3
Factor(-) x E-4
	

	TRANSIENTS

- Loss of residual heat removal (RHR) with reactor vessel  closed
- Loss of RHR with reactor vessel depressurized but closed
- Loss of RHR during flooding/draining of shielding/storage pool
- Loss of RHR with shielding/storage pool flooded
- Loss of heat sink for active RHR with reactor vessel closed
- Loss of heat sink for active RHR with reactor vessel depressurized but closed
- Loss of heat sink for active RHR during flooding/draining of shielding/storage pool
- Loss of heat sink for active RHR with shielding/storage pool flooded
	
	
Factor(-) x E-7

Factor(-) x E-7
Factor(-) x E-7

Factor(-) x E-4
Factor(+) x E-4

Factor(-) x E-4

Factor(+) x E-4

Factor(-) x E-3

	LEAKS AT ELEVATIONS ABOVE THE CORE (with shielding/storage pool flooded)
- Very large leak
- Large leak
- Medium leak
	
	

Factor(-) x E-3
Factor(-) x E-4
Factor(-) x E-3

	LEAKS AT ELEVATIONS BELOW THE CORE (with shielding/storage pool flooded)
- Very large leak
- Large leak
- Medium leak
	
	

Factor(+) x E-8
Factor(-) x E-7
Factor(-) x E-4


C. Reference-BWR-1200

As the chosen reference design for the BWR technology is more than 30 year old, most of the information is in the public domain, which is why exact values can be found in the table below:
	
	State of reactor

	DBA
	Normal operation
	Shutdown/refueling

	TRANSIENTS
- Loss of auxiliary power
- Loss of main feed water supply
- Loss of main heat sink
- Loss of main heat sink and main feed water supply
- Inadvertently opened and stuck-open safety relief valve
	
1.2 x E-1

6.3 x E-1
9.3 x E-1
5.2 x E-1
7.4 x E-1
	

	ATWS
	4.9 x E-3
	

	PIPE BREAK ACCIDENTS OUTSIDE CONTAINMENT
- Feed water pipe break outside containment
- Main steam line break outside containment
- Break in the RWCU extraction line outside containment
	
8.9 x E-3
5.1 x E-3
6.9 x E-3
	

	LOCA INSIDE THE CONTAINMENT

- Small-break LOCA inside containment
- Leak at RPV bottom head
	
0.9 x E-3
2.3 x E-5
	

	TRANSIENTS

- Loss of residual heat removal (RHR) with reactor vessel  closed
- Loss of RHR with reactor vessel depressurized but closed
- Loss of RHR during flooding/draining of shielding/storage pool
- Loss of RHR with shielding/storage pool flooded
- Loss of heat sink for active RHR with reactor vessel closed
- Loss of heat sink for active RHR with reactor vessel depressurized but closed
- Loss of heat sink for active RHR during flooding/draining of shielding/storage pool
- Loss of heat sink for active RHR with shielding/storage pool flooded
	
	
8.5 x E-6

6.3 x E-6
7.2 x E-6

1.6 x E-3
9.3 x E-3

2.2 x E-3


5.2 x E-3

8.1 x E-3

	LEAKS AT ELEVATIONS ABOVE THE CORE (with shielding/storage pool flooded)
- Very large leak
- Large leak
- Medium leak
	
	

8.4 x E-3
7.6 x E-4
6.3 x E-3

	LEAKS AT ELEVATIONS BELOW THE CORE (with shielding/storage pool flooded)
- Very large leak
- Large leak
- Medium leak
	
	

5.3 x E-7

5.2 x E-7
8.0 x E-3


D. Assessment of the Criterion CR1.3.1
With the above information it should be possible to assess Criterion CR1.3.1 of the INPRO Methodology in the area of Safety of Nuclear Reactors. 

It is recommended to look at the manual IAEA-TECDOC-1575 Rev1 – Vol8 INPRO Manual – Safety of Nuclear Reactors, and especially read carefully pages 46-47. The volume can be accessed either through eNESA or via the INPRO website (www.iaea.org/INPRO). 

The assessment should be performed in eNESA and the result printed out through the standardized report generator included in eNESA.    
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