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Programme Description
The programme monitors the condition of the reactor coolant pressure boundary for sources of borated water leakage. Under certain conditions, leakage of borated water from the primary system gaskets, seals, valves packing, and other locations can cause boric acid corrosion, which can compromise the integrity of plant susceptible primary system components. Periodic visual inspections of adjacent structures, components, and supports for evidence of leakage and corrosion are the basis of this monitoring programme. 
The scope of the monitoring and inspections of this programme includes all components that contain borated water and that are thus potential leakage locations. Structures and components that may be in the leak paths are also included and are subject to ageing management review (AMR). The issue of cracking of nickel-alloy components and consequential loss of material due to boric acid-induced corrosion in susceptible, safety-related components in the vicinity of nickel-alloy reactor coolant pressure boundary components is addressed in AMP111.
The scope of the evaluations, assessments, and corrective actions includes all observed leakage sources and the affected structures and components.
Borated water leakage may be discovered through activities other than those established specifically to detect such leakage, such as system walk-downs. Therefore, the programme includes provisions for initiating evaluations and assessments when leakage is discovered by other activities. 

[bookmark: _Toc88877612]Evaluation and Technical Basis
1. Scope of ageing management programme based on understanding ageing:
The programme covers any structures (e.g., galvanized steel, aluminium, steel), components (e.g., steel, copper and aluminium alloy) or electrical components on which boric acid corrosion may be expected to occur after a borated water leak. According to the review presented in [1] it was concluded that copper alloy with greater than 15% zinc is susceptible to loss of material in the environment of boric acid. 
The programme includes systematic measures to ensure that corrosion caused by leaking borated water does not lead to degradation of the leakage source or adjacent structures and components and provides assurance that the reactor coolant pressure boundary will have an extremely low probability of leakage, rapidly propagating failure, or gross rupture. Such a programme provides for (a) determination of the principal location of leakage, (b) examinations and procedures for locating small leaks, and (c) engineering evaluations and corrective actions to ensure that boric acid corrosion does not lead to degradation of the leakage source or adjacent structures and components, which could cause the loss of intended function of the structures or components. 
The programme addresses the following major components which could be affected by boric acid corrosion, and any other location that is susceptible to boric acid corrosion:
· External surfaces of steel components in recirculating or once-through steam generators
· Reactor Vessel: external surfaces of the vessel (including steel components in the vessel closure flange assembly) and applicable exterior attachments;
· External surfaces of steel aluminium and copper alloy piping and piping components (with copper alloy  15 % Zn) of engineered safety feature systems, auxiliary systems, steam and power conversion systems;
· Steel closure bolting;
· Electrical components.

2. Preventive actions to minimize and control ageing degradation:
This programme is a condition monitoring programme; thus, there are no preventive actions. However, boric acid corrosion can be prevented or minimized through measures to minimize borated water leakage, such as frequent monitoring of the locations where potential leakage could occur and timely repair if leakage is detected. In addition, the use of suitable corrosion resistant materials or the application of protective coatings or claddings can serve to prevent boric acid corrosion. 

3. Detection of ageing effects:
The programme monitors the ageing effects of loss of material due to boric acid corrosion of affected structures and components by detection of borated water leakage. Boric acid deposits, borated water leakage, or the presence of moisture that could cause loss of material can be detected and monitored through visual examination.
Degradation of the component due to boric acid corrosion cannot occur without leakage of borated water. Conditions leading to boric acid corrosion, such as crystal build-up and evidence of moisture, are readily detectable by visual inspection, although removal of insulation may be required in some cases. However, for leakage examinations of components with external insulation surfaces and joints under insulation or components not visible for direct visual examination, the surrounding area (including the floor, equipment surfaces, and other areas where leakage may be channelled) is examined for evidence of component leakage. Potential indications of boric acid leakage include discoloration, staining, and boric acid residue on insulation surfaces and the surrounding area. Special attention is given to rust-coloured deposits which are attributed to the presence of the boric acid deposits during long periods. If evidence of leakage is found, removal of insulation to determine the leakage source may be required. Some examples from operating experience demonstrate the need to consider boric acid corrosion in locations well away from the leakage source. The programme includes guidelines for locating small leaks, conducting examinations, and performing engineering evaluations. In addition, the programme includes appropriate interfaces with other site programmes and activities, such that borated water leakage that is detected by means other than the monitoring and trending established by this programme is evaluated and corrected. Thus, this programme, including the guidance of national documents such as U.S. Nuclear Regulatory Commission Generic Letter 88-05 [2], assures timely detection of leakage before a loss of the intended function of the affected components.

4. Monitoring and analysis of trends for ageing effects:
The programme provides monitoring and trending activities through timely detection of leakage by observing boric acid crystals during normal plant walk-downs and maintenance and timely evaluation of evidence of borated water leakage identified by other means, such as monitoring system of primary coolant leakage based on humidity and/or acoustic sensor indications [11]. 
Trending of identified boric acid leaks will provide an indication of whether the leakage occurrences are stable, increasing or decreasing.

5. Mitigation of ageing effects: 
Since boric acid corrosion requires an active leakage of borated water, the programme mitigates boric acid corrosion through the effective and timely identification and remediation of boric acid leakage. 

6. Acceptance criteria:
Any detected borated water leakage, white or discoloured crystal build-up, or rust-coloured deposits are evaluated to confirm or restore the intended functions of affected structures and components consistent with the design basis prior to continued service.

7. Corrective actions:
Borated water leakage and areas of resulting boric acid corrosion are evaluated and corrected through the corrective action programme. Any detected boric acid crystal build-up or deposits will be cleaned and the condition of the affected surface(s) is evaluated to determine if repair or replacement is required. Programme implementation includes corrective actions to prevent recurrences of degradation caused by borated water leakage. These corrective actions include any modifications to be introduced in the present design or operating procedures of the plant that (a) reduce the probability of borated water leaks at locations where they may cause corrosion damage and (b) entail the use of suitable corrosion resistant materials or the application of protective coatings or claddings.

8. 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 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, as necessary, either modifies the plant AMP or takes additional actions (e.g. develop a new plant-specific AMP) to ensure the continued effectiveness of the ageing management.
Numerous instances of boric acid corrosion have been identified. Experience for reactor vessels is provided in the 2007 update of IAEA-TECDOC-1556 [3] and primary piping in IAEA‑TECDOC‑1361 [4].
Although associated with conditions which are managed by AMP111 the most significant observation in the USA is described in US NRC Information Notice (IN) 2002-11 [5]. Additional information on observed degradation can be found in several documents [2, 6-10]. Additional information on managing boric acid corrosion issues at PWR power stations is provided in industry guidance [11]. 
At the time when this AMP was produced, no relevant R&D was identified. 

9. [bookmark: _Toc88877613]Quality management:
[bookmark: _Hlk157612561]In line with SSG-48 [12], Section 4.9 of the IGALL Safety Report [13] 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 [14] on the safety analysis report supplements, in GS-G-3.1 [15] 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 [16] contains good practices on data collection and record keeping for ageing management.

In addition to that the following specific information is relevant for this AMP. Examples of qualitative performance indicators are as below:
Adequacy of AMP
Definition: If it was necessary to modify the AMP because of operating experience of the plant (i.e. AMP appeared to be proper or properly meet its objectives), the indicator is 1, otherwise 0.
Explanation: Either because of the degradation occurrence, progress or becoming unacceptable or for other technical reason (not appropriate ISI, change of maintenance strategy/tools, change of monitoring device or frequency, etc.) the AMP had to be modified and/or revised. If the reason is only formal/regular review or to reflect an administrative change, the indicator should remain zero.
Performance of AMP activities
Definition: If activities scheduled in the AMP are not completed, the indicator is 1, otherwise 0. 
Explanation: This indicator detects if any preventive, mitigative, ISI, maintenance, monitoring or corrective action did not take place as scheduled.
Data management
Definition: If the parameters measured, monitored, etc., indicated by the AMPs, are analysed and the analysis does not give useful or convincing information (probably compared with non-conformity reports), the AMP or the AMR must be analysed. If true, the indicator is 1, otherwise 0.
Explanation: One of the objectives of the monitoring and trending is to find if the AMP applied is appropriate. If the monitoring results do not provide appropriate information and further actions should be taken in order to confirm if the AMP is appropriate, the monitoring activity may need to be modified and this could be detected by the indicator.
Use of commodity group AMP
Definition: Failure rate of components managed by a commodity group AMP.
Explanation: Effectiveness of commodity group AMPs, especially when large number of similar components are managed by it, the failure rate of components (if the failure is related to or partially related to ageing effects) can be used as an indicator. After several years the trend of failure rates may point out if the effectiveness of an AMP changes (may also improve).
Correctness of ageing prediction 
Definition: Deviation of predicted and detected aged condition of the component. Ratio of the absolute value of the difference and the predicted value.
Explanation: Comparison of the predicted and measured characteristic parameter of a given degradation mechanism, such as wall thickness, number (or density) of flaws, growth of flaws, embrittlement, hardness, conductivity, settlement, tendon strength. Frequency of evaluation of this indicator needs to be adjusted to the measurement frequency of the parameter (during maintenance, ISI, etc.). 

The examples of quantitative performance indicators are as below:
Assessment of corrosion development
Definition: Dimensions of corrosion degradation (length, depth, diameter), wall-thickness in the zone of corrosion, location of corrosion (not in a high-stress area), number of damaged threads of the studs. 
Explanation: The indicator can show how far is the plant from the acceptance criteria and from the trend of several years if the corrosion process accelerates, steadily progress or improves.
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