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Reactor safety CR1.1.1

Examples of Input Data for Evaluation of Criterion CR1.1.1 in the Area Safety of Nuclear Reactors.
Vienna, 07-2011
Criterion CR1.1.1 asks for superior robustness of design (increased margins and simplicity) of a new reactor in comparison to an operating (2004) reactor. 

A. Background
Reactor pressure vessel design
The height and diameter of a reactor pressure vessel (RPV) influences the level of irradiation of its sensitive areas, in particular welds, by fast neutrons that could lead to embrittlement of the reactor material. A brittle material may fail under certain loads such as rapid cooling under high pressure. The fast-neutron flux density, and thus the irradiation level on the wall of the reactor vessel decreases when a RPV is larger. A decreased fast neutron flux density leads to less embrittlement of the material of reactor pressure vessel and enables the assigned service life of the RPV to be extended. 

Additionally, a lesser content of nickel and admixtures such as Cu and P in RPV steel and in welds composition will lead to less embrittlement of the material and help extending even further the service life of a RPV by increasing the RPV fast neutron dose limit.
Reactor core design

The amount of coolant flow through the core can be increased by decreasing the hydraulic resistance of the fuel assembles. Hydraulic resistance can be decreased by optimization of the spacer cells geometry in the fuel assembles. Decrease of the hydraulic resistance of a reactor fuel assembly provides an opportunity to include coolant mixing spacers. These mixing spacers force the coolant to rotate around the fuel rod, thereby enabling trans-assembly mixing of the coolant. A trans-assembly mixing increases the coolability of the core decreasing the possibility of occurrence of bad coolant conditions (e.g., DNB). The higher the DNB ratio the higher the design margin will be against occurrence of bad coolant conditions that could lead to overheating and failure of the fuel rods.
The distribution of fuel elements containing gadolinium (a burnable absorber) in the reactor core can be optimized to smooth out power spikes and to decrease concentration of boron acid in primary circuit at the beginning of cycle to provide negative reactivity feedbacks at low power. The stronger the negative reactivity feedback the higher is the safety margin of a core design.
Design of control rods in reactor core

A higher number of control rods (CR) increases the efficiency of reactor protection as well as provides opportunities to implement modern and sophisticated algorithms of reactor control to assure smooth power distribution at stationary conditions and transients. Increased number of CR leads also to a drop of re-criticality temperature in shut down condition, which means a higher safety margin. 

B. Design of operating reactor
RPV geometry, material and neutron flux of an operating reactor 
	Value
	Operating reactor

	RPV height (mm)
	10897

	RPV inside diameter (mm)
	4000

	RPV wall thickness in the core area (mm) 
	192,5*

	RPV material 
	15Kh2NMFA

	Maximum density of the flux of neutrons with the energy of > 0.5MeV at RPV inner surface, (sm-2sec-1)
	3.1(1010

	Maximum life-time integrated flux of neutrons with the energy of 0.5MeV at RPV inner surface (sm-2) 
	4.0(1019

	RPV dose limit (sm-2)
	5.7(1019


Hydraulic resistance, heat generation rate and DNBR of an operating reactor core
	Value
	Operating reactor

	Spacer hydraulic resistance coefficient
	0.56

	Max. linear heat generation  rate (LHGR), W/cm
	448

	Minimum DNBR

(NO=normal operation)
	1,34 – at NO;




Number of control rods of an operating reactor core ( 61 yellow/grey boxes)
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Re-criticality temperature of core of operating reactor in shut down condition:    190 degree C

C. Design of new reactor
RPV Geometry, material and neutron flux of a new reactor 
	Value
	New reactor

	RPV height (mm)
	11185

	RPV inside diameter (mm)
	4200

	RPV wall thickness in the core area (mm) 
	197,5*

	RPV material.
(low Ni, Cu and P in material with highest neutron flux)
	Three zones:

15Kh2NMFA,

15Kh2NMFA-A,

15Kh2NMFA class 1

	Maximum density of the flux of neutrons with the energy of > 0.5MeV at RPV inner surface, (sm-2sec-1)
	2.3(1010

	Maximum life-time integrated flux of neutrons with the energy of 0.5MeV at RPV inner surface (sm-2) 
	4.2(1019

	RPV dose limit (sm-2)
	6.4(1019


Hydraulic resistance, heat generation rate and DNBR of a new reactor core
	Value
	New reactor

	Spacer hydraulic resistance coefficient
	0.36

	Max. linear heat generation  rate (LHGR), W/cm
	420

	Minimum DNBR at normal operation
	1,38 



Control rods of a new reactor core (121 yellow/gray boxes))
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Re-criticality temperature of core of new reactor in shut down condition:    91 degree C

D. Exercise
Use the input presented above and compare operating and new design data. Make a judgement whether INPRO safety Criterion CR1.1.1 is met by the new reactor  design.
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