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The Electric Power Research Institute's (EPRI) Risk-Informed Inservice Inspection Evaluation Procedure1'1 has
been used by ABB in a pilot application at Arkansas Nuclear One, Unit 2 (ANO-2). The risk-informed inservice
inspection is used to identify risk-significant pipe segments and to define the locations that are to be inspected
within these segments. A diverse set of systems comprising class 1, 2 and 3 piping, as well as selected non-code
piping was included in this pilot application of the EPRI procedure. The systems evaluated included the Reactor
Coolant System, Chemical and Volume Control System, High Pressure Safety Injection System, Low Pressure
Safety Injection/Shutdown Cooling System, Containment Spray System, Main Feedwater System, Main Steam
System and Emergency Feedwater System. A risk evaluation was performed by dividing each system into piping
segments, each with a characteristic set of failure consequences and degradation mechanisms. Failure
consequence and degradation mechanism evaluations were performed to assign each of the piping segments to
one of seven risk categories, as defined in the EPRI procedure. This assignment provided a mechanism for
evaluating the risk significance of each piping segment. Finally, the inspection locations were selected.

The consequence evaluation that was performed focused on the impact of each pipe segment failure on the
capability of the affected system to perform its design functions and on the overall operation of the plant. Impact
due to both direct and indirect effects were considered. A direct effect is generally a major perturbation in plant
process parameters which necessitates immediate mitigating actions (automatic or manual). Indirect effects are
generally those caused by flooding, spraying, and/or jet impingement resulting from the failure of pipe segments
in neighboring equipment or interfacing systems. Determination of the consequences of a segment failure
considers the potential of losing one or more trains of affected mitigating systems, and the consequential impact
on safety functions. Several sources of information including the ANO-2 Individual Plant Examination (IPE) for
internal and external events, Internal Flood Screening Study and various plant design drawings were used to
perform the consequence evaluation. In addition to these sources, a plant walkdown for the various systems of
concern was conducted. The walkdown captured subtle interactions which could not be readily identified using
the other sources of information. Observations from the walkdown were factored into the consequence
evaluation. Based on the consequence evaluation, each of the piping segments was categorized as having a
consequence level of "HIGH", "MEDIUM", "LOW" or "NONE". The at-power plant configuration is
considered to present the greatest risk for piping failures since the plant requires immediate response to satisfy
reactivity control, heat removal, and inventory control. Although the consequence evaluation focused on the at-
power configuration of the plant, shutdown operation and external events were also assessed to gain a level of
confidence that the consequence ranking during these other configurations would not be more limiting.

The degradation mechanisms that can be present in the piping depend on design characteristics, fabrication
practices, operating conditions and service experience. The degradation mechanism evaluation that was
performed as a part of the pilot application addressed the potential for thermal fatigue, stress corrosion cracking,
localized corrosion and flow sensitive attack in each of the piping segments. An exhaustive review of databases,
plant specific and industry wide, was conducted to characterize ANO-2's operating experience with regard to
piping pressure boundary degradation. This included a review of all historical water hammer events that have
occurred at the plant, with consideration given to subsequent preventive actions (i.e., design changes, operational
practice changes) taken, to assess the likelihood of potential future occurrences in conjunction with the presence
of a degradation mechanism. In addition, several sources of information, including the Flow Accelerated
Corrosion Prevention Program, the Primary Chemistry Monitoring Program and various operating procedures
were used to identify potential degradation mechanisms for each of the systems considered. The level of severity
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for each degradation mechanism for each piping segment was categorized as "Large Leak", "Small Leak" or
"None" depending upon industry historical experience with each mechanism.

The combination of the consequence and degradation mechanism categories produced piping runs, known as risk
segments, each of which was categorized as having a risk level of "High", "Medium" or "Low". Each risk
segment consists of a continuous run of piping, that, if failed, has the same consequences, and is exposed to the
same degradation mechanisms. The selection of individual inspection locations within a risk segment depends
upon the relative severity of the degradation mechanism present, the physical access constraints, and the
radiation exposure. In the absence of any identified degradation mechanisms, the selections focused on terminal
ends and other locations of high stress and/or high fatigue usage.

The pilot application of the EPRI Risk-Informed Inspection at ANO-2 [2), as shown below, resulted in a 70%
reduction in the number of elements selected for inspection. All the systems considered, except for the
Emergency Feedwater System, would experience a significant reduction in the number of elements inspected
compared with the current inspection program under the ASME Code. This translates into considerable cost and
personnel radiation exposure savings to the plant. For a ten-year inservice inspection interval, plant O&M cost
savings are conservatively estimated in excess of 1 million US dollars with a corresponding worker radiation
exposure reduction of 75-100 man-rem. The greatest savings occurred in Class 1 piping systems due to more
stringent Code requirements and adverse plant conditions. By focusing the inspections on the higher risk
elements, we can reduce the number of inspections without compromising the effectiveness of the inspection
program.
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120- Number of Elements Inspected

~j B Current ASME Code Selection

B Risk-Informed Selection

RCS CVCS HPSI LPSl/SDC CSS NIFW MSS EFW

ANO-2 Before and After Element Selection Comparison

RCS Reactor Coolant System
CVCS Chemical and Volume Control System
HPSI High Pressure Safety Injection System
LPSl/SDC Low Pressure Safety Injection/Shutdown Cooling System
CSS Containment Spray System
MFW Main Feedwater System
MSS Main Steam System
EFW Emergency Feedwater System
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