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Programme Description
[bookmark: _Toc88877640]This ageing management programme provides guidance for monitoring and inspection of metallic casks, canisters, and overpacks for the dry storage of spent fuel of nuclear power plants (NPPs).  Concrete structures related to spent fuel dry storage are managed by AMP323.
A Dry Cask Storage System (DCSS) is defined as a spent fuel storage technology comprised of either a single thick-walled bolted cask or a canister inside a ventilated or unventilated vertical cask (overpack) or horizontal storage module. There are four different dry storage system designs [1]:
A. Bolted lid metal cask employing shielding materials in the cask wall. In some bolted lid designs, concrete is included in the cask wall;
B. Steel canisters inside concrete or steel overpacks (horizontal design);
C. Steel canisters inside concrete or steel overpacks (vertical design). There are two variants of the concrete vertical design:
i. Concrete overpacks exposed to the atmosphere. The exposed concrete surfaces of the concrete overpacks are coated with a commercial-grade sealant to provide protection to the cask surfaces during current and long term storage operations;
ii. Concrete overpacks with an outer steel liner;
D. Concrete vaults. This type of storage system uses metal canisters in all-metal silos located inside concrete vaults.
Metal casks are massive containers used in the transport, storage and the eventual disposal of spent fuel. The structural materials for metal casks may be forged steel, nodular cast iron or a steel/lead sandwich structure. They are fitted with an integral internal basket or sealed metal canister, which provides structural strength as well as the assurance of sub-criticality. Metal casks usually have a double lid closure system that may be bolted or seal welded and may be monitored for leak tightness. Some designs include thin-walled steel canisters with welded lid inside an overpack. Overpacks are either metal, concrete, or concrete between metal shells.
Dry storage casks are generally movable structures, they are used for storage, and, in some cases, for the transport of spent fuel. Structural strength and radiological shielding are provided by regular, or in some cases, high density concrete. The concrete may or may not be reinforced, depending on the design.
There are important issues associated with the long-term storage of spent fuel, namely, the integrity of the spent fuel and  associated requirement for containment and monitoring until its retrieval. Safety functions include the confinement of spent nuclear fuel while maintaining sub-criticality combined with radiological shielding. Dry storage casks provide a modularity feature which is advantageous from an incremental storage capacity standpoint. 
Included into the programme are various DCSS designs and systems that made up the total storage concept. These include, storage canisters, metal overpacks, fuel baskets, concrete casks and related components.  Transport casks is included when they also function as a storage cask. 
The following has been excluded from the scope of this AMP:
· Concrete structures that are managed by AMP323 (e.g., concrete overpacks, vaults)
· Civil related aspects that include concrete pedestals, plinths, and buildings 
· Spent nuclear fuel assemblies. 
· Handling and related equipment used for the loading and unloading of casks.
· Transport casks with no storage function.

Evaluation and Technical Basis

1. Scope of the ageing management programme based on understanding ageing: 
This programme is applicable to the managing of ageing of the metallic components of a dry cask storage systems of various designs in dry storage facilities. Components include various metallic subcomponents of the storage casks or canisters, the fuel baskets and other internal subcomponents, the storage modules and the overpacks. These subcomponents are exposed to several environments within and outside the dry storage systems, such as sheltered environments, indoor air, outdoor air, groundwater or soil, helium, and embedded environments. The spent nuclear fuel (SNF) also exposes subcomponents to elevated temperatures and radiation, with heat exposure and dose depending on the subcomponent location and the SNF characteristics. The materials of construction for these subcomponents include steel, stainless steel, aluminium alloys, nickel alloys, copper alloys, polymer and cement-based neutron shielding, and lead.

1. Preventive actions to minimize and control ageing degradation: 
Designs may include preventive actions such as fabrication procedures and surface modification methods to impart compressive residual stresses on the steel canister welds and weld heat-affected zones to reduce the potential for SCC. These include shot peening of canister welds. Preventive actions may also include the use of canister confinement boundary materials that are resistant to localized corrosion and SCC.Preventative action could also include the backfill with Noble gas to prevent corrosion. Preventive actions may include continuance of inspections to ensure that air inlet/outlet vents are not blocked and temperature monitoring to ensure design temperature limits are not exceeded and thermal dehydration of the concrete remains not credible [2].
Additional preventive action can include maintaining the protective coatings intact, and ensuring cleanliness and control of dust / water ingress that have significant impact on minimizing potential degradation, including corrosion.

1. Detection of ageing effects: 
Visual examination of the canister surfaces is used to identify corrosion products that may be indicators of localized corrosion and SCC in the welds and weld heat-affected zones. Visual examination instrumentation with demonstrated sizing and depth measurement capability can be used to determine the size and depth of pits open to the surface. Visual examination may also detect the presence of cracks originating from pits. The presence of significant corrosion product accumulation may interfere with the identification of SCC using visual examination methods. Volumetric examination is necessary to characterize SCC. Volumetric examination of pits and areas immediately adjacent to pits is necessary when pits are located within 25 mm of a through thickness weld or within 25 mm of an area where a temporary attachment was known to be located.
Pitting and crevice corrosion that is open to the surface can potentially be detected by visual testing. Because of the high neutron and gamma radiation fields near the surface of the stainless-steel dry storage canisters, direct visual examination may not be possible. Additional assessment is necessary for suspected areas of localized corrosion and SCC. In these cases, the severity of degradation is usually assessed, including the dimensions of the affected area and the depth of penetration with respect to the thickness of the canister. For accessible areas, remote visual examination may be used to determine the type of degradation present (e.g., pitting corrosion or SCC) and the location of degradation.
Examinations to characterize the extent and severity of localized corrosion and SCC is usually conducted using surface or volumetric examination methods. If volumetric examination methods are not available to assess visual indications of ageing, alternative assessment methods, analyses, and mitigation methods are usually to be evaluated to ensure that the important to safety functions of the welded stainless-steel canister are maintained throughout the period of extended operation.
For concrete components, visual inspection of all accessible areas is performed with feeler gauges, crack comparators, or other suitable visual quantification methods used in common engineering practices, at a justified frequency.
For sites conducting a canister examination, there is usually a minimum of one canister examined at each site. Preference is usually given to the canisters with the greatest susceptibility for localized corrosion or SCC. Factors to be considered include older and colder canisters with the greatest potential for the accumulation and deliquescence of deposited salts that may promote localized corrosion and SCC, types of systems used at the site, canister location with respect to potential sources of atmospheric deposits, system design, and operational experience. Justification for not conducting inspections for localized corrosion or SCC is usually provided on a case-by-case basis for each spent fuel storage site where welded stainless-steel canisters are in use. Acceptable justification may be based on a comparison of susceptibility for the spent fuel storage location versus at least two other spent fuel storage sites determined to have greater susceptibility but that showed no evidence of localized corrosion or SCC in inspections completed within 5 years of the time of the assessment. The justification usually considers the full range of available spent fuel storage susceptibility assessments and welded stainless steel canister examination results.
Remote visual examinations of outer surfaces are performed for all accessible dry storage casks. For inner surfaces, remote visual examinations need to be carried out for selected dry storage casks through their inlet / outlet ports. These examinations may be performed at least once per five years. The frequency of 5 years might not be appropriate for radiation surveys to monitor performance of concrete as neutron / gamma shield. The frequency should be refined taking into consideration the local radiation protection requirements.
The frequency of inspection is usually determined based on the localized corrosion and SCC susceptibility of both the site and the canisters in service, aggregated operational experience of similar storage system canisters and previous site-specific examination results [2], [9], [10]

1. Monitoring and analysis of trends for ageing:
Location and extent of degradations of liner, discontinuities / imperfections /cracks and deposits on outer surfaces of cask body.Rraised temperature / thermal gradients, gamma dose rate / neutron fluence are parameters to be monitored for indications of reduction in heat transfer and degradation of radiation shield materials
Monitoring and trending methods reference plans/procedures are used to do the following:
· Establish a baseline before the period of extended operation or in accordance with an alternative schedule justified in the application.
· Track trending of parameters or effects not corrected following a previous inspection including the locations and size of any areas of localized corrosion or SCC, the disposition of canisters with identified ageing effects and the results of supplemental canister inspections.
Monitoring and trending usually also include the leakage monitoring for seal aging and  appearance of the canister, particularly at welds and in crevice locations, documented with images and video that will allow comparison in subsequent examinations, changes to the size and number of any rust-coloured stains as a result of iron contamination of the surface in subsequent inspections [2].

1. Mitigation of ageing effects: 
Mitigation may include programs that slow the effects of ageing, e.g., cathodic protection systems used to minimize corrosion of metallic components embedded in concrete [3].
The use of high-quality protective coatings and ensuring the cleanliness could help in mitigation of ageing effects. 

1. Acceptance criteria:
Three-tier acceptance criteria could be followed for major parts of dry storage cask excluding coatings as followed: 
· Acceptance without further evaluation;
· Acceptance after review;
· Acceptance requiring further evaluation.
For the cask body, the first two tiers include either no or few indications followed by assessment of liner decolouration and blockages of ports; third tier includes liner cracking / de-bonding which further leads to inclusion in correction action plan.
For welded stainless steel container vessel, no indication corresponds to first tier while suspected or confirmed localized degradation without or with being in vicinity of fabrication / closure welds determines the second and third tier respectively.
Radiation surveys and leak rates need to be in compliance with plant-specific governing documents [11 - 12].

1. Corrective actions: 
Corrective actions are usually taken in accordance with requirements of governing documents [11] and include provisions for performing assessments, root cause investigation, extent of condition and actions to prevent recurrence.
Corrective actions could include addressing the cracking and de-bonding of liner and repair of protective coatings to ensure the integrity of dry storage casks. Canisters with confirmed localized corrosion or SCC is usually evaluated for continued service. Mitigation actions may also be used to ensure that the important-to-safety functions of the welded stainless-steel canister are maintained throughout the period of extended operation. 

1. Operating experience feedback and feedback of research and development results: 
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.
Galvanic corrosion has been reported in metallic seals being used between cask body and lid assembly. Looseness of cask lid bolts has also been reported [13].
The IAEA currently conducts two Coordinated Research Projects which will also address spent fuel storage ageing. These are T13020, Spent Fuel Research & Assessment (SFERA) which focuses on fuel performance (expected end date in December 2025) and T13019, Performance & Assessment of spent fuel Storage Systems over an Extended Duration (PASSED) which focuses on storage system performance (expected end date in December 2026).

1. Quality management: 
[bookmark: _Hlk157612561]In line with SSG-48 [14], Section 4.9 of the IGALL Safety Report [15] 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 [16] on the safety analysis report supplements, in GS-G-3.1 [17] 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 [18] contains good practices on data collection and record keeping for ageing management.

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 usually remains 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 is 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 is usually 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 include followings:
Cask integrity 
Definition: Measure interspace pressure as per design specification. 
Explanation: The indicator shows the health and trend the integrity of the canister or cask closure seals.
Cask temperature monitoring
Definition: Measured cask temperature as per design specification.
Explanation: Mechanisms which could endanger fuel and container integrity are temperature dependent. 
Canister gas analyses
Definition: Atmosphere gas analysis in canister
Explanation: The indictor shows fuel cladding performance and integrity during storage.

References

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Demonstrating Performance of Spent Fuel and Related Storage System Components during Very Long-Term Storage, IAEA TECDOC-1878, IAEA, Vienna (2019)
[2] UNITED STATES NUCLEAR REGULATORY COMMISSION, NUREG-2214, Managing Aging Processes In Storage (MAPS) Report (2019)
[3] ARGONNE NATIONAL LABORATORY, Managing Aging Effects on Dry Cask Storage Systems for Extended Long-Term Storage and Transportation of Used Fuel Rev. 2, ANL-13/15 Rev. 2, ANL, Argonne, IL (2014)
[4] UNITED STATES NUCLEAR REGULATORY COMMISSION, Generic Aging Lessons Learned for Subsequent License Renewal (GALL-SLR) Report, NUREG‑2191, Office of Nuclear Reactor Regulation, Washington, DC (2017).
[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Operation and Maintenance of Spent Fuel Storage and Transportation Casks / Containers, IAEA-TECDOC-1532, IAEA, Vienna (2007).
[6] ELECTRIC POWER RESEARCH INSTITUTE, Primary System Corrosion Research Program: EPRI Materials Degradation Matrix, EPRI 3002013781, Revision 4, EPRI, Palo Alto, CA (2018).
[7] TRIPATHI, BHASKER., Aging Effects on Structural Concrete and Long-term Storage of Spent Nuclear Fuel in DCSS at ISFSIs in USA, Transactions SMiRT-23, IASMiRT, (2015).(Available:https://repository.lib.ncsu.edu/bitstream/handle/1840.20/34269/SMiRT-23_Paper_185.pdf?sequence=1&isAllowed=y )
[8] SANDIA NATIONAL LABORATORIES, Aging Management Guideline for Commercial Nuclear Power Plants – Tanks and Pools, SAND96-0343, SNL, Albuquerque, NM (1996).
[9] PACIFIC NORTHWEST NATIONAL LABORATORY, Non-destructive Examination Guidance for Dry Storage Casks, PNNL-24412, Rev. 1, PNNL, Richland, WA (2016)
[10] AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME) Boiler and Pressure Vessel Code, Code Case N-860, "Inspection Requirements and Evaluation Standards for Spent Nuclear Fuel Storage and Transportation Containment Systems" (2020)
[11] [bookmark: _Hlk149715413]UNITED STATES NUCLEAR REGULATORY COMMISSION, Criteria for Radioactive Materials in Effluents and Direct Radiation from an ISFSI or MRS, 10 CFR § Part 72.104.
[12] INTERNATIONAL ATOMIC ENERGY AGENCY, International Basic Safety Standards for Protection against Ionizing Radiation and for Safety of Radiation Sources, IAEA Safety Series No. 115, IAEA, Vienna (1996).
[13] UNITED STATES NUCLEAR REGULATORY COMMISSION, IAEA Working Paper, U.S. Experience with Dry Cask Storage, A Regulator’s Perspective, Gruss, K, USNRC, Washington, DC (2002).  (Available at https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML021510508)
[14] INTERNATIONAL ATOMIC ENERGY AGENCY, Ageing Management and Development of a Programme for Long Term Operation of Nuclear Power Plants, Specific Safety Guide, Safety Standards Series No. SSG-48, IAEA, Vienna (2018).
[15] INTERNATIONAL ATOMIC ENERGY AGENCY, Ageing Management for Nuclear Power Plants: International Generic Ageing Lessons Learned (IGALL), Safety Reports Series No. 82 (Rev. 2), IAEA, Vienna. Preprint.
[16] INTERNATIONAL ATOMIC ENERGY AGENCY, Format and Content of the Safety Analysis Report for Nuclear Power Plants, SSG-61, IAEA, Vienna (2021). 
[17] INTERNATIONAL ATOMIC ENERGY AGENCY, Application of the Management System for Facilities and Activities, GS-G-3.1, IAEA, Vienna (2006). 
[18] INTERNATIONAL ATOMIC ENERGY AGENCY, Ageing Management and Long Term Operation of Nuclear Power Plants: Data Management, Scope Setting, Plant Programs and Documentation, Safety Report Series No. 106, IAEA, Vienna (2022)




21
