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[bookmark: _Toc88877643]Programme Description
An open-cycle cooling water (OCCW) (or service water) system transfers heat from safety-related structures, systems, and components (SSCs) to the ultimate heat sink (UHS). 
The following systems and its structure/components from their raw water side and/or closed-cycle cooling water side are considered in the scope of this AMP:
· Auxiliary feedwater system: heat exchanger and piping (PWR);
· Condensate system: heat exchanger and piping (BWR, CANDU/PHWR & PWR);
· Containment isolation: piping (BWR, CANDU/PHWR & PWR);
· Containment spray system: heat exchanger (PWR)
· Emergency core cooling system: heat exchanger and piping (PWR)
· Emergency generator system: heat exchanger and piping (BWR, CANDU/PHWR & PWR);
· Feedwater system: heat exchanger and piping (PWR);
· Fire protection system: heat exchanger (BWR, CANDU/PHWR & PWR);
· Open-cycle cooling water system (service water system): heat exchanger, piping and valve (BWR, CANDU/PHWR & PWR);
· Shutdown cooling system: heat exchanger and piping (BWR);
· Steam generator blow down system: heat exchanger and piping (PWR);
· Steam turbine system: heat exchanger and piping (BWR, CANDU/PHWR & PWR);
· Ultimate heat sink: heat exchanger and piping (BWR, CANDU/PHWR & PWR).
The programme ensures that the effects of ageing will not affect the functionality of an OCCW system. The programme includes:
· Surveillance and control of biofouling; 
· Test programme to verify heat transfer capabilities;
· Inspection and a maintenance programme to ensure that corrosion, erosion, cracking, protective coating failure, sediment deposition (silting), and biofouling cannot degrade the performance of safety-related systems serviced by OCCW;
· System walk-down inspection to ensure compliance with the licensing basis;
· Review of maintenance, operating, and training practices and procedures.
[bookmark: _Toc88877644]For buried OCCW piping, the ageing effects on the external surfaces are managed by AMP 125, but the internal surfaces are managed by this programme. The ageing management of closed-cycle cooling water (CCCW) systems is described in AMP 117 and is not included as part of this programme. The OCCW System programme applies to components constructed of various materials, including steel, stainless steel, aluminum, copper alloys, titanium, polymeric materials, and concrete. Piping may be lined with internal coatings or unlined.

Evaluation and Technical Basis
1. Scope of the ageing management programme based on understanding ageing:
The ageing management programme addresses the ageing effects of material loss and fouling due to micro- or macro-organisms and various corrosion mechanisms generally found in OCCW systems or intermediate system between safety related SSC and system transfering heat to the UHS, and OCCW components with or without protective coating [1-4]. This programme may also be used to manage loss of coating integrity for those OCCW components with a protective coating or lining. Additionally, this programme can also manage the ageing effects of cracking due to stress corrosion cracking (SCC) in titanium components. The structural integrity of the civil structures that are part of the UHS as well as the structures submerged in OCCW is managed by the AMP 307. These ageing effects are managed by a combination of preventive, condition, and performance monitoring activities [3, 4].

1. Preventive actions to minimize and control ageing degradation: 
Preventive actions begin with the use of appropriate material for construction (i.e., degradation resistant materials). Piping system components are typically lined or coated to protect the underlying metal surfaces from exposure to corrosive cooling water environments. Control or preventive measures, such as chemical treatment whenever the potential for biological fouling exists or flushing of infrequently used systems is applied if possible. 

1. Detection of ageing effects:
Inspections (and inspection frequency) for biofouling, damaged coatings and linings, degraded material condition (e.g., loss of material, cracking, and flow blockage are conducted in accordance with national regulations or governing documents. Visual inspections on the inner surfaces are typically performed to determine whether damaged coatings and linings, corrosion, erosion, or biofouling are occurring in the system. Perform examinations of polymeric materials consistent with the examinations described in AMP 135. Nondestructive testing, such as ultrasonic testing, eddy current testing, and radiography are effective methods to measure surface conditions or the extent of wall thinning associated with the service water system piping and components. National regulations, codes, standards and guidelines provide an acceptable basis for managing ageing effects associated with concrete piping included in this programme.  
For those portions of the OCCW system where flow monitoring is not performed, test results from the monitored portions of the system are used to determine friction (or roughness) factors and are used to confirm that design flow rates will be achieved with the overall fouling identified in the system.

1. Monitoring and analysis of trends for  ageing effects:
Heat transfer testing results are documented in plant test procedures and trended. Cleanliness and material integrity of piping, components, heat exchangers, elastomers, and their internal linings or coatings (when applicable) that are part of the OCCW system or that are cooled by the OCCW system are periodically inspected and monitored. If corrosion buildup or fouling is noted, the system also is evaluated for their impact on the heat transfer capability of the system. Evidence of corrosion in these systems also is evaluated for its potential impact on the integrity of the piping. For relevant indications, inspections or nondestructive testing is used to determine the extent of biofouling, the condition of the surface coating, the magnitude of localized pitting, and the amount of microbiologically-influenced corrosion (MIC), if applicable. Friction (or roughness) factors can be trended to confirm design flow rates are achievable in the portions of the OCCW system where flow monitoring is not performed.  

1. Mitigation of ageing effects:
Treatment with chemicals mitigates MIC and buildup of macroscopic biological fouling debris from biota, such as blue mussels, oysters, or clams. Periodic flushing of the system removes accumulations of biofouling agents, corrosion products, and debris or silt.

1. Acceptance criteria:
Corrosion, erosion, and biofouling can cause significant loss of material in components. Inspected components are considered to exhibit adequate design margin regarding design dimensions (e.g., minimum required wall thickness). As applicable, coatings or linings are considered to be intact to protect the underlying metal. Heat removal capability is within allowable design values for the system and components tested. For ongoing degradation mechanisms (e.g., MIC), the programme includes criteria for the extent or rate of degradation that will prompt more comprehensive corrective actions. If concrete piping is being managed, acceptance criteria are derived from applicable national regulations, codes, standards and guidelines. The acceptance criteria for inspections of coatings or linings are consistent with those in AMP 157. 

1. Corrective actions:
Evaluations are performed for test or inspection results that do not satisfy established acceptance criteria, and a problem or condition report is initiated to document the concern in accordance with plant administrative procedures. The corrective actions programme with e.g., examination expansion or repair/replacement of components, ensures that the conditions adverse to quality are promptly corrected. Additional inspections may be necessary if corrective actions (i.e., repair or replacement) is not performed for all components constructed of the same material and exposed to the same environment. The overall effect of fouling is evaluated for reduction of heat transfer, flow blockage, loss of material, and (if applicable) chemical treatment effectiveness and its potential impact on the functionality of an OCCW system. For ongoing degradation mechanisms (e.g., MIC), the frequency and extent of wall thickness inspections are adjusted commensurate with the significance of the degradation. If the deficiency is assessed to be significantly adverse to quality, the cause of the condition is determined, and an action plan is developed to preclude repetition. 

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 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.
Significant degradation has been found in many cases, e.g. MIC [5]. The elements that comprise inspections associated with this programme (the scope of the inspections and inspection techniques) are considered to be consistent with industry practice [3-4]. In the U.S.A., the guidance of NRC GL 89‑13 [6-7] has been implemented for more than 20 years and has been effective in managing ageing effects due to biofouling, corrosion, erosion, protective coating failures, and silting in structures and components serviced by OCCW systems [6-8].
Several cases of operational experience have been reported in the last year in the USA such as MIC and erosion [10-19], protective coatings have failed leading to unanticipated corrosion [8, 20-22], reduction of heat transfer and flow blockage due to fouling occurred in piping and heat exchangers from protective coating failures, and accumulations of silt and sediment [23-37], cracking due to stress corrosion cracking has occurred in brass tubing [38] and pitting in stainless steel has occurred [39].
At the time when this AMP was produced, no relevant R&D was identified.

1. [bookmark: _Toc88877645]Quality management:
In line with SSG-48 [40], Section 4.9 of the IGALL Safety Report [41] 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 [42] on the safety analysis report supplements, in GS-G-3.1 [43] 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 [44] contains good practices on data collection and record keeping for ageing management.
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 several actions scheduled in the AMP was 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 data (or group of data) generated during the implementation of the AMP was not entered in the appropriate database and/or inadequately managed or used. If true, the indicator is 1 otherwise 0. 
Explanation: operational data (e.g. transient cycle numbers) and ISI, maintenance, monitoring, surveillance, chemistry results and all other related lifecycle data are to be entered in the appropriate ageing management database of the plant. Moreover, if the data was used, but expected trending, analysis did not take place the indicator may also detect. 
Data analysis
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 analized. If true, the indicator is 0 otherwise 1. 
Explanation: One of the objectives of the monitoring and trending is to find if the AMP applied is appropriate. If the 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.
The examples of quantitative indicators include followings:
Wall thickness
Definition: comparison of real wall thickness to the wall thickness as anticipated by analyses. 
Explanation: the indicator can detect if the difference between the real usage and the anticipated usage grows (trending for more years) or if the growing accelerates or if the grow reaches an unacceptable level (e.g. wall thickness will reach minimum before planned usage time).
Ratio of plugged tubes
Definition: ratio of plugged heat exchanger tubes to the allowed number of plugged tubes. 
Explanation: the indicator can show how far is the plant from the acceptance criteria and from the trend of several years if degradation mechanisms accelerate, steadily progress or improves.
(a) Description of typical confirmation (verification) process that can be applied for the given plant AMP
The confirmation process is addressed in accordance with the IAEA GS-G-3.1 Application of the Management System for Facilities and Activities [41], paras 6.76 – 6.77 for preventive actions and paras 6.66 – 6.75 for corrective actions, in line with the national regulations and the plant specific preventive action programme and corrective action programme. 
(b) Description of record keeping, data collection and approval practices to be followed
A data collection and record keeping system is necessary to support effective plant ageing management activities. SRS No. 106 [42] provides in section 2 good practices on data collection and record keeping for ageing management including AMPs.
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