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Programme Description
This document provides guidance for developing a plant specific ageing management programme for the nuclear power structures and structural components that are inaccessible for periodic inspection.
The significant ageing effects are loss of material (scaling, spalling due to general corrosion and pitting), cracking due to freeze-thaw, cracking due to expansive reactions in concrete, increase in porosity and permeability due to leaching of calcium hydroxide and carbonation in inaccessible areas of structural elements of concrete and steel containments [1].
Visual examinations cannot inspect inaccessible areas however, improved routine and in-depth examination techniques, such as non-contact, non-destructive testing (NDT), embedded wireless sensors and NDT techniques with higher penetration, can support inspection of inaccessible structures. Moreover, optical aids, such as fiberscopes and borescopes, allow inspection of inaccessible regions [2].
Subsections IWL and IWE of ASME Code Section XI exempt inaccessible areas from examination however, specific requirements for examination of suspect conditions by the responsible engineer and evaluations to be performed on inaccessible areas are mentioned [3]. Additional requirements for inaccessible areas are specified in 10 CFR 50.55a(b)(2)(viii)(E) and 10 CFR 50.55a(b)(2)(ix) [4]. Acceptability of concrete in inaccessible areas is to be evaluated when conditions exist in accessible areas that could indicate the presence of, or result in, degradation to such inaccessible areas [5].
Areas that are accessible under special circumstances (e.g., dewatering, high radiation, outage, plant modifications, confined space) can also benefit from the application of this AMP.

[bookmark: _Toc88877721][bookmark: _Toc90698951]Evaluation and Technical Basis
1. Scope of the ageing management programme based on understanding ageing:
This programme is applied to structures and structural components of NPPs that are inaccessible for periodic inspection. Examples in the scope of the programme include:
· below-grade surfaces exposed to foundation soil/material, backfill, or groundwater 
· portions of concrete surfaces that are covered by metallic liners
· fully embedded or inaccessible containment shell or liner portions, liner anchors
· portions of surfaces where visual access is obstructed by adjacent permanent plant structures, components, equipment, parts, or appurtenances
· portions of steel components, supports, connections, parts, and appurtenances that are embedded or encased in concrete or encapsulated or otherwise made inaccessible during construction or as a result of repair/replacement activities.

1. Preventive actions to minimize and control ageing degradation:
For inaccessible parts of the structure, where detection of degradation would be difficult, or where repair of any degradation would be costly, it would be appropriate to monitor and, if necessary, control the environment or potential stressors that could lead to degradation [2]. Examples of environment and potential stressors are provided in Attributes 3 and 4 of this AMP.

1. Detection of ageing effects:
In-service examinations (that can include inspections, testing and monitoring) and surveillance are essential elements for detection of ageing effects. Concrete inspection and surveillance activities are considered in design to detect and characterize significant component degradation before fitness for service is compromised.
The significant ageing effects in structures that are inaccessible are as follows:
· Loss of material due to general, pitting, crevice corrosion in steel elements of inaccessible areas for all types of containments,
· Loss of material (scaling, spalling), cracking due to freeze-thaw in inaccessible areas of concrete containments,
· Cracking due to expansion from reaction with aggregates in inaccessible areas of concrete elements of concrete and steel containments,
· Cracking and distortion due to increased stress levels from settlement could occur in below-grade inaccessible concrete areas of structures,
· Cracking due to differential settlement and erosion of porous concrete subfoundations could occur in below-grade inaccessible concrete areas,
· Increase in porosity and permeability due to leaching of calcium hydroxide and carbonation in inaccessible areas of concrete elements of concrete and steel containments [1].
For structures that are inaccessible for visual examinations, either the surfaces must be exposed for examination, or an indirect approach must be used (e.g., differential subsidence/settlement of attached structures, evaluation of the environment adjacent to the structure for its potential to cause degradation). Identified suspect areas are then investigated in more detail through nondestructive, destructive, or a combination of these test methods [6].
Nondestructive testing methods suitable for inspection of inaccessible portions of the metal pressure boundary where it is embedded in concrete have not been identified. Ultrasonic-based methods have been successfully applied to the interface region between the pressure boundary and concrete to detect corrosion effects, but they are only capable of detecting sharp pits located within a distance equal to about four times the pressure boundary thickness (i.e., about 25 mm for the liner of reinforced concrete containments) [6].
Alkali aggregate reaction (AAR) and delayed ettringite formation (DEF) in inaccessible areas of concrete structures such as base slabs of buildings, water intake and discharge structures, service water pump house, and below grade walls of the spent fuel pool covered with a liner plate, can be monitored with embedded strain sensors. If sensors are not available in inaccessible structures, a special evaluation is needed to determine the extent of concrete degradation. 
Subsections IWL and IWE of ASME Code Section XI exempt inaccessible areas from examination, however, specific requirements for examination of suspect conditions by the responsible engineer and evaluations to be performed on inaccessible areas are mentioned [3]. Additional requirements for inaccessible areas are specified in 10 CFR 50.55a(b)(2)(ix). Acceptability of concrete in inaccessible areas is to be evaluated when conditions exist in accessible areas that could indicate the presence of, or result in, degradation to such inaccessible areas. In addition, further evaluation of plant-specific programs to manage the ageing effects for inaccessible areas is recommended if the following cannot be satisfied:
· concrete surface meeting the requirements of ACI 318 [7] or ACI 349 [8] (low water-to-cement ratio, low permeability, and adequate air entrainment) as cited in NUREG–1557 [9] and the guidance of ACI 201.2R, as applicable, was used for the containment concrete in contact with the embedded containment shell or liner,
· the moisture barrier, at the junction where the shell or liner becomes embedded, is subject to ageing management activities in accordance with ASME Code Section XI, Subsection IWE requirements,
· the concrete is monitored to ensure that it is free of penetrating cracks that provide a path for water seepage to the surface of the containment shell or liner,
· borated water spills and water ponding on the concrete floor are common and when detected are cleaned up or diverted to a sump in a timely manner [1].
Opportunistic inspections are carried out for inaccessible structures at the Krsko NPP in Slovenia during excavations or modifications of structures [e.g., TD-2Z (Buried and Underground Piping and Tanks) [10] states that the opportunistic inspections, such as visual testing, shall be executed whenever a buried or underground component becomes accessible for any reason (i.e., through excavation)]. In addition, TD-2N (Programme for Technical Monitoring of Buildings and Structures) [11] specifies the frequencies of material testing for civil structures. The required tests are performed in an accredited laboratory by a contractor. In the case of the reactor building where periodic sampling through drilling is not foreseen or specified, the concrete samples are taken opportunistically when modifications (e.g., new penetrations) are being implemented.

1. Monitoring and analysis of trends for ageing effects:
Most inaccessible structures are only inspected opportunistically. The primary degradation factor that has produced degradation in inaccessible areas like metal liners of reinforced concrete and steel containments has been corrosion due to water presence, in some cases in the form of boric acid. Water in inaccessible areas leading to degradation of coatings and corrosion of steel liners of reinforced concrete and steel containments has been an ageing concern.
Visual examinations cannot inspect inaccessible areas that may be vulnerable to corrosion such as portions of the liner embedded in concrete. Improved routine and in-depth examination techniques, such as non-contact NDT, embedded wireless sensors and NDT techniques with higher penetration, can support inspection of inaccessible structures. Moreover, optical aids, such as fiberscopes and borescopes, allow inspection of inaccessible regions. Optical aid selection depends on factors such as object geometry and access, expected defect size and resolution requirements. Video cameras can be used to record current conditions for future reference [2].
Groundwater chemistry (pH, chlorides, and sulphates) is monitored periodically to assess its impact, if any, on below grade concrete structures. For plants with aggressive groundwater/soil and/or where the concrete structural elements have experienced degradation, a plant-specific AMP accounting for the extent of the degradation experienced is implemented to manage the concrete ageing during the intended period of operation. Codes and standards in each member state may have different criteria for classifying the groundwater/soil as aggressive. However, in absence of any other criteria, groundwater/soil with pH < 5.5, chlorides >500 ppm or sulphates >1500 ppm can be designated as aggressive.
A method to monitor the deformation of alkali silica reaction (ASR) affected structures is to attach sensors. In many cases, monitoring the alignment of equipment attached to the surface can be an effective strategy for areas that may be inaccessible and when sensors cannot be attached.

1. Mitigation of ageing effects:
This AMP is a condition-monitoring programme and neither general nor specific recommendations are provided to mitigate ageing effects. However, if the extent of degradation observed or detected exceeds the acceptance criteria, plant specific actions can be identified based on detailed monitoring and trending, and structural evaluation, to mitigate the root cause or source of degradation, and to evaluate the impact on structural performance.

1. 	Acceptance criteria:
The acceptance criteria are derived in accordance with industry codes, standards and practice of each Member state, and design bases codes and standards, as applicable by considering industry and plant operating experience.
References [3], [7], [8], and [12] provide acceptable basis for selection of acceptance criteria.
Subsections IWL and IWE of ASME Code Section XI exempt inaccessible areas from examination, however, specifies requirements for examination of suspect conditions by the responsible engineer and evaluations to be performed on inaccessible areas are mentioned [3]. Additional requirements for inaccessible areas are specified in 10 CFR 50.55a(b)(2)(ix). Acceptability of concrete in inaccessible areas is to be evaluated when conditions exist in accessible areas that could indicate the presence of, or result in, degradation to such inaccessible areas. In addition, further evaluation of plant-specific programs to manage the ageing effects for inaccessible areas is recommended if the following cannot be satisfied:
· concrete surface meeting the requirements of ACI 318 or ACI 349 (low water-to-cement ratio, low permeability, and adequate air entrainment) as cited in NUREG–1557 and the guidance of ACI 201.2R, as applicable, was used for the containment concrete in contact with the embedded containment shell or liner; 
· the moisture barrier, at the junction where the shell or liner becomes embedded, is subject to ageing management activities in accordance with ASME Code Section XI, Subsection IWE requirements; 
· the concrete is monitored to ensure that it is free of penetrating cracks that provide a path for water seepage to the surface of the containment shell or liner; and 
· borated water spills and water ponding on the concrete floor are common and when detected are cleaned up or diverted to a sump in a timely manner [1].
To manage loss of material (scaling, spalling) and cracking due to freeze-thaw in below-grade inaccessible concrete areas of containment structures, further evaluation is needed for plants that are located in moderate to severe weathering conditions (weathering index >100 day-inch/yr) [13]. A plant-specific programme is not required if documented evidence confirms that the existing concrete had air entrainment content (as per Table CC-2231-2 of the ASME Section III Division 2), and subsequent inspections of accessible areas did not exhibit degradation related to freeze thaw [9].

1. 	Corrective actions:
Evaluations are performed for any inspection results that do not satisfy acceptance criteria. Corrective actions are initiated in accordance with the corrective action process if the evaluation results indicate there is a need for a repair or replacement. In addition, the corrective actions include assessment for mitigating the root cause of the degradation. In the absence of any plant specific requirements for corrective actions, the requirements in [4] can be used to address the corrective actions. 
If moisture has been detected or suspected in the inaccessible area on the exterior of the BWR Mark I containment drywell shell or the source of moisture cannot be determined subsequent to root cause analysis, then:
Include in the scope any components that are identified as a source of moisture, if applicable, such as the refueling seal or cracks in the stainless-steel liners of the refueling cavity pools walls and perform ageing management review. Demonstrate, through use of VT-1 and ultrasonic examinations, that corrosion is not occurring or that corrosion is progressing so slowly that the age-related degradation will not jeopardize the intended function of the drywell shell.

1. Operating experience feedback and feedback of research and development results:
This AMP addresses the industry-wide generic experience. Relevant plant-specific operating experience is considered in the development of the plant AMP to ensure that the AMP is adequate for the plant. The plant implements a feedback process to periodically evaluate plant and industry-wide operating experience and research and development (R&D) results, and, if necessary, either modifies the plant AMP or takes additional actions (e.g., develop a new plant-specific AMP) to ensure the continued effectiveness of ageing management.
Appropriate source(s) of external operating experience are Ageing Management of Concrete Structures in Nuclear Power Plants (IAEA Nuclear Energy Series No. NP-T-3.5 [2] as well as CHECWORKS Users Group (CHUG), Owner’s Groups, OECD-NEA, WANO, INPO, IAEA and NRC generic communications.
In France, corrosion of the 6 mm thick liner of the 900 MW(e) prestressed concrete containment vessels has occurred in several parts of containments in the CP (contract program) series. This has been repaired. Corrosion occurred in two areas:
(a) Along the entire circumference of the conical portion of the liner adjacent to the upper portion of the concrete basemat;
(b) Beneath the construction joints of the 1 m thick concrete base floor slab.
Corrosion of steel liners was first noticed at around 10–15 years. It occurred over a 20 cm section of the liner extending from the water stop between the wall and the 1 m thick concrete slab over the liner toward the basemat (inaccessible region). Corrosion progressed to the state that 1 cm diameter holes penetrated the liner in this region. Although the containments passed the integrated leakage rate tests, it was observed at the conclusion of the test that water containing corrosive substances was stagnating in some of the pressurization channels used during construction for inspecting the welds that join the liner plate sections over the basemat raft. Corrosion occurrence was attributed to a breakdown in the water stop in conjunction with the presence of high humidity during construction and operation. Holes in the liner were repaired by removing some of the concrete slab, sandblasting the liner, inspecting, welding plates over the holes and painting. In addition, the pressurization channels were filled with cement grout, the space between the liner and floor slab was filled with a corrosion inhibitor (wax) and a new water stop was installed. The new water stop consisted of a composite elastomeric material shielded by a bolted metallic sheet that can be periodically removed for inspection. Liner corrosion has also been observed at the bottom of a joint in the base floor slab (CP units only), penetrating through about 3 mm of the 6 mm thick liner. The liner corrosion was attributed to decomposition of the joint seal and the presence of water with pH 5 [2].
During containment air leakage test in the French NPP Bugey 5 (PWR) in 2015, two leakage tests were performed, one with the dry basemat conditions, the other one with a flooded condition. The leakage measured with dry basemat condition was significantly greater than the one in the flooded condition that showed a leak in the lower part of the basemat liner. The corrective action was to put in place an additional leak tightness band (system MAEAVA 2) all around the basemat at the junction between the wall and the floor. This repair led to a quite reduced leak rate.
During a containment air leakage test (CAT) in Swedish NPP Ringhals 2 (PWR) in 2014, a leakage of deaerated catalyzed hydrazine water was identified from the collecting duct in one section of the reactor building basemat carbon steel liner. After exposing the liner, visual inspection identified significant local corrosion. Before and after repairs were performed, analysis and thickness measurement of the liner were carried out [14].
Corrosion in a steel liner located around a penetration was found at Barsebäck 2 in 1993 [15]. The underlying cause for corrosion was found to be that the area around the penetration had been grouted with porous concrete of bad quality during construction of the containment. A pipe was not properly mounted which resulted in the fact that water could not be drained from the concrete grouting when injected. The combination of the remaining water and small pockets of air caused a corrosion cell to arise. This was seen as a common cause failure (CCF) which resulted in reparation of all grouted areas around the penetrations. Barsebäck 2 was commissioned in 1977 and the damage was discovered during a CAT after 15 years of operation. The liner is embedded in concrete and could therefore not be visibly inspected.
These experiences from Swedish NPP show that damages on liners and its connecting parts are difficult to detect due to the fact that they are embedded in concrete and therefore not accessible to visible inspections. Damages therefore commonly only appear after several years of operation and are detected during CAT. The liner is embedded in concrete as protection from missiles.
Delayed ettringite formation (DEF) has been detected at an NPP in France. This expansion was detected by the monitoring system installed in the basemat of the containment. No visual damage nor cracking has been observed, but extrapolation has been performed based on the measurements over a sufficient period of time. The expansion, which is only in the basemat, appears to be linked to both the significant thickness of the concrete section and the presence of water.
Cracking was discovered in the turbine generator foundation of Ikata unit 1 in Japan in 1979 after the start of operation. A change in the distance between the generator rotor axis and the bearing on the table deck was observed and expansion measurements were performed to confirm the cracking condition. Additionally, laboratory tests were conducted on extracted concrete cores. Through evaluation of these concrete cores, it was confirmed that cracking was caused by ASR expansion. This condition did not affect the intended function of the turbine generator foundation. The structural integrity for continued operation was confirmed by continuous condition monitoring.
ASR with low reactivity has been identified in an individual core obtained from the containment bottom slab at Ringhals Unit 2 in Sweden. Petrographic studies showed a low proportion of low reactive aggregate. The aggregates identified consisted mainly of amphibolite- and biotite gneisses and granitic rocks. The reactive aggregate consisted of fine-grained quartz. Microcracks of 0.03 to 0.05 mm filled with ASR gel were identified in the sample. However, no gel was identified in the air voids. Overall, the analysis indicates a weak to moderate reactivity that wholly or partially may have stalled. Inspections on the visible parts of the construction and pressure strength tests showed no signs of cracking or affected strength. Other samples or inspections have not shown the presence of ASR.
In Canada, some structures important to safety are founded on steel driven end-bearing piles. The environment is generally non-aggressive. There is continuous monitoring of environmental parameters to verify relevant conditions (boreholes for water samples, soil and air testing). The biggest aggressive agent that was established over the years was salt from de-icing performed in the winter. The salt was replaced with a non-corrosive agent. As part of life extension, the utility is performing more verification. Due to the long duration of operation, the pile zone around ground water level (which has some natural fluctuation) is of most concern. The utility has some positive evidence for the condition but is pursuing for more verification of the data/condition. The constraint is that the soil around the piles is not disturbed as this will increase the air/oxygen around them.

1. 	Quality management:
In line with SSG-48 [16], Section 4.9 of IGALL Safety Report [17] gives general information about the expected contents of this attribute in terms of (a) administrative controls, (b) safety analysis report supplements, (c) performance indicators, (d) confirmation (verification) process and (e) data collection and record keeping. Further guidance is available in Paras 3.13.16 – 3.13.17 of SSG-61 [18] on the safety analysis report supplements, in GS-G-3.1 [19] on the confirmation process (paras 6.76 – 6.77 for preventive actions and paras 6.66 – 6.75 for corrective actions), while Section 2 of SRS No. 106 [20] contains good practices on data collection and record keeping for ageing management.
No additional specific information is available for this AMP.
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