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Development of a Risk-Based Inservice Inspection Program for a Liquid Metal Reactor 

by R.W. King and W.H. Buschman 

The emerging application of risk-based assessment technology to the operation and maintenance 
of nuclear power plants holds considerable promise for improving efficiency and reducing 
operating costs. EBR-II is liquid-metal-cooled fast reactor which operated for thirty years before 
shutting down in September 1994 due to program termination. Prior to the shutdown of EBR-II, 
an in-service inspection (ISI) program was developed that exploited certain advantages of the 
liquid-metal reactor design, e.g., demonstrated passive response to plant upset events1, low 
pressure primary coolant and compatibility of the coolant and reactor materials. This ISI program 
was based on work currently being done by an ASME Research Task Force on Risk-based 
Inspection. 

The EBR-II ISI program was developed using ASME Boiler and Pressure Vessel code 
Section XI, Division 3, "Rules for Inspection and Testing of Components of Liquid-Metal Cooled 
Plants," as a guide, while incorporating risk assessment principles as appropriate. Components 
and systems were selected for inspection based on risk significance and insights derived from the 
EBR-II Probabilistic Risk Assessment2 and component/system safety classification (Class 1, 2, or 

3). 

EBR-II was designed and constructed before the ASME Section IE or Section XI rules were 
published, and therefore could not be expected to meet all of the Section XI inspection 
requirements. Many of the systems cannot be inspected due to inaccessibility of the components 
(i.e., the components are in the primary tank and operate in a pool of sodium). However, 
application of a risk-based approach provided the basis for reducing or eliminating inspections in 
some areas that would otherwise be required. Operational experience was also an important 
element in developing the basis for this program. A review of metallurgical information indicated 
low fatigue rates, lack of stress corrosion, and lack of erosion/corrosion for carbon steel and 
stainless steels used in the EBR-II design. The implied low failure rates of materials were 
confirmed by a review of failure history at EBR-II and other similar facilities. Additionally, 



unique design features of EBR-II eliminate reactor safety concerns of many systems and 

components which are assumed by Section XI to be important to safety when in fact they are not. 

The net effect of the risk-based approach is to focus resources on those components that most 
contribute to risk while eliminating or reducing inspections that will provide little or no gain from 
a risk perspective. This results in lower inspection costs both in terms of dollars and personnel 
exposure. 

The favorable risk profile of EBR-II is due in part to the use of passive safety systems for decay 
heat removal. Either of the two redundant shutdown (decay) heat removal systems will maintain 
the sodium temperature in the primary tank below the tank temperature limit indefinitely following 
a reactor scram with no emergency power available. At anytime following a scram the secondary 
sodium system will remove the decay heat, using natural circulation (5 to 8% of rated flow) to the 
steam generating system, but electrical power and feedwater are needed to control the rate of heat 
rejection to prevent primary tank over cooling rather than overheating. The shutdown heat 
removal systems are highly reliable since they are passive in design: natural circulation is used to 
transfer heat from the primary tank to the air outside containment. The only moving parts of the 
shutdown (decay) heat removal system are dampers on the NaK-to-air heat exchangers outside 
containment. The dampers are held closed by air pressure, fail open when air pressure or 
electrical power is lost, and are easily opened manually, if necessary, by operator action outside 
the reactor building. 

Because of these characteristics, the risk-based ISI program for EBR-E focuses on the integrity of 
the primary sodium containment boundary and the integrity of the shutdown heat removal system, 
both of which are non-pressurized boundaries with low stresses and minimal corrosion concerns. 
Balance of plant inspections are dictated by plant availability and investment protection 
considerations, not by core damage issues. 

Development and implementation of the risk-based ISI program was interrupted by the DOE-
mandated shutdown of EBR-II, so the potential benefits of this approach in terms of reduced 



O&M costs have yet to be realized. Through the development of this program, however, it is 
clear that there is potential for substantial cost-savings while improving the risk-profile of the 
facility through this approach. 
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