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Programme Description
This programme manages high-cycle fatigue that may be induced by fluid flow conditions having the potential for generating high-frequency cyclic thermal stresses such as:
· Mixing of hot and cold water in Tees;
· Thermal cycling due to the interaction of hot swirl penetrations into normally stagnant reactor coolant system (RCS) branch lines filled with cold water;
· Thermal cycling due to the interaction between the hot swirl penetration from the RCS and the ‘in-leakage’ of the cold water from a leaking, normally closed valve.
High cycle fatigue characteristics are:
· High frequency such that fluctuations of temperature are difficult to measure at the outside of the pipe;
· Generally, no usage factor determined, managed differently from low cycle fatigue. However, TLAA 119 is applied by some countries;
· Generally, deficiency in design or operation.
[bookmark: _Toc88877560]Thermal stratification transients such as those observed in PWR pressurizer surge lines, pressurizer spray lines and steam generator feed water nozzles typically induce low-cycle fatigue and are managed by AMP 101.
Based on OE, guidelines for management of high-cycle fatigue were developed, for instance in the US [1-5], Switzerland [6], France [7-8], and Japan [9].
Some countries such as Canada, consider thermal fatigue when selecting inspection locations, which has been included in national standards [10-11].

Evaluation and Technical Basis
1. Scope of the ageing management programme based on understanding ageing:
The scope of the high cycle fatigue monitoring programme includes piping systems where the following conditions on the temperature difference between two flows (T) are present:
· Mixing zones with high T;
· Swirl penetration into branch lines with high T including leakage across valves.

2. Preventive actions to minimize and to control ageing degradation:
Effective preventive and mitigative actions for high cycle fatigue damage consist of careful identification of the possible locations where this type of damage could occur. When possible locations are identified, the reduction of the temperature difference T and/or the repair of leaking valves are appropriate preventive actions. 
For new plants in design phase, the geometry and configuration of the pipelines could be modified based on OE to avoid this high cycle fatigue damage to occur.

3. Detection of ageing effects:
High cycle thermal fatigue may lead to the initiation of cracks on the internal surface. Such cracks can be detected by appropriate in-service inspection of the suspect location. 
This programme includes identification of susceptible locations, as indicated by operating conditions (T) or special considerations (leaking valves in stagnant branch or mixing tee). Screening of locations and conditions can for example be found in [1]. 

4. Monitoring and trending of ageing effects:
For high cycle fatigue susceptible locations, components to be inspected are on the basis of operational experience, risk analysis or engineering judgment. For components that have been inspected at least once, predictability of the extent of degradation is obtained through trending which means that the next inspection date is determined based on the observed fatigue cracking damage. 
In all cases, inspection results are evaluated to determine if additional inspections are needed to assure that the extent of damage is adequately determined, assure that intended function will not be lost, and identify corrective actions.

5. Mitigating ageing effects:
Where practical, effective mitigation methods and technology for high cycle thermal fatigue include:
a) Controlling T; 
b) Repair or replacement of valves which are leaking; and 
c) Possible changes in design of the piping lay-out to control the mixing of hot and cold fluids. This can include modifying pipe / component configuration to reduce flow velocities.

6. Acceptance criteria:
When a susceptible location has been identified, the screening is performed based on a maximum allowable temperature difference T, see [1,6] for example. Another approach is to combine the allowable temperature difference in relation to the time of operation where the temperature difference occurs [7].

7. Corrective actions:
Repair, replacement and/or redesign of pipework affected by high cycle thermal fatigue (see attribute 5). 

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.
In 1998, cracking appeared in mixing zones in the RHR system of Civaux-1 [12].
Fatigue susceptibility assessments related to mixing Tees and RCS branch lines in US PWR/BWR are addressed in [13-14] and [15], respectively.
A number of incidents with through-wall cracks in non-isolable branches connected to the reactor coolant system, such as the leak in the ECCS of Farley-2 [16] and Tihange-1 [17] NPP, led to the publication of NRC Bulletin 88-08 and its supplements [18-21]. Other similar experiences are Dampierre-2 [22], Dampierre-1 [23], Tsuruga-2, Mihama-2 [9] and Genkai-2 [24].
Reference [25] covers OE up to 2014 in PWR/BWR/CANDU plants related to mixing tee and branch line events.
An overview of experience, regulations, countermeasures regarding thermal fatigue in OECD member states is given in [26].
Recent US OE related to RCS branch lines and mixing tees is included in [27]. One conclusion is that UT procedures intended to detect defects due to thermal fatigue need to be further improved [28].
In the US, EPRI is preparing revisions of [1,14].
The Civaux case initiated several R&D projects such as: THERFAT (Thermal Fatigue Evaluation of Piping Systems Tee-Connections) [29], FAT3D [30] and the EDF R&D Programme [31]. 
On-going R&D projects are the thermal mixing Tee research at the university of Stuttgart in Germany [32] and the experimental and numerical comparison on a mixing Tee in the MOTHER project [33]. 

9. Quality management:
Site quality assurance procedures, review and approval processes, and administrative controls are implemented in accordance with the different national regulatory requirements (e.g., 10 CFR 50, Appendix B [34]).
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