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[bookmark: _Toc88877639]Programme Description
[bookmark: _Toc88877640]Essential chillers are safety related equipment used in NPPs to provide chilled water to safety related heating, ventilation and air conditioning systems (HVAC systems). Safety related HVAC systems include ventilation and air condition systems for control room, safety injection system, containment spray systems, residual heat removal systems, emergency diesel generators building, containment air coolers, auxiliary feed water systems, component cooling water systems, emergency air compressors, auxiliary building HVAC, and essential electrical equipment rooms. These essential chillers are powered from emergency power sources [1]. 
Essential chillers can be required for normal power operation as well as for the accident conditions to mitigate the consequences of an accident and allow the safe shutdown of the plant. When the chillers are required for mitigating the consequences of an accident and for the safe shutdown of the plant during and after an accident, it is classified as safety related [1]. Chillers are the most important component of HVAC systems. Safety related HVAC systems must be maintained with a high degree of reliability.
The major components of the essential chillers include:
· Compressor
· Reciprocating
· Centrifugal
· Orbiting scroll
· Rotary screw
· Condenser
· Metering/expansion device
· Evaporator
· Heat exchanger
· Connecting piping (including filters and strainers)

Evaluation and Technical Basis
1. Scope of the ageing management programme based on understanding ageing: 
This programme is applicable to the managing of the ageing of mechanical parts of centrifugal essential chillers used in NPPs. The management of ageing of electrical and electronic devices of essential chillers are addressed in AMP 212, AMP 215, AMP 217, AMP 218 and TLAA 201. 
Construction materials degradation mechanisms and ageing effects on different components of centrifugal chillers are as follows [1, 2, 3, 4]:
Compressor: 
The compressor circulates the refrigerant through the system and takes the low pressure (LP) gaseous refrigerant from the evaporator and compresses it before delivering it to the condenser.
Construction materials for the compressor include high strength low alloy steel for the drive shaft, high strength aluminium or cast steel for the impeller, carbon steel for the casing, elastomers or non-ferrous metal for labyrinth seals, and copper alloys (bronze or Babbitt metal) for bearings. 
The potential ageing effect and degradation mechanism for the compressor drive shaft and the impeller includes cracking due to fatigue. The potential ageing effects and degradation mechanisms on the compressor casing are loss of material due to corrosion or erosion (see also AMP128). The potential ageing effect and degradation mechanism for seals and gaskets are loss of sealing function due to hardening, which may cause oil leakages, reduced oil level, and abnormal refrigerant levels. Bearing failure is a potential ageing effect for the compressor bearing which results from excessive vibration which results in decreased oil pressure and spurious trip (see also AMP224). Excessive vibration can also cause vibration fatigue in the piping or hoses connected to the compressor.
Condenser: 
The condenser transfers heat to the heat sink. It receives the high-temperature high pressure (HP) gas from the compressor and cools it to provide a saturated or sub cooled HP liquid to the metering/expansion device. For water-cooled condensers, heat is transferred from the condenser to the water and carried by the water to an acceptable heat sink, such as a cooling tower, lake, river, or sea. Air-cooled condensers are usually constructed of a number of tubes covered with fins. Condenser tubes are usually made of copper-nickel because of the potential corrosive nature of the condenser water. The potential degradation mechanism for the condenser is water side fouling of condenser tubes which will lead to the ageing effects of reduced heat transfer capability and differential pressure increase (see also AMP155). The other components of the condenser (like shell, tube sheet etc.) are made of low alloy steel. Potential degradation mechanisms for these components are loss of material due to corrosion which may result in leakage of close loop cooling water and reduction in heat transfer capabilities (see also AMP103 and AMP124). 
Refrigerant Flow metering/Expansion devices: 
The flow metering/expansion device provides the pressure drop necessary to expand the liquid refrigerant to a lower pressure, which in turn lowers the refrigerant temperature and provides cooling. Flow metering/expansion devices can be capillary tubes, orifices, automatic expansion valves (AEVs), thermostatic expansion valves (TXVs), or high-side or low-side float valves.
Commonly stainless steel or copper alloys are used as construction materials. Potential degradation mechanisms and ageing effects for refrigerant metering device are increase in flow resistance due to fouling due to corrosion and wear which will lead to high head pressure, low suction pressure, reduced cooling capability. Potential ageing effects for seals and gaskets include loss of sealing function due to hardening which can lead to refrigerant and oil leakage (see also AMP134). 
Evaporator:  
The evaporator absorbs the heat from the medium being cooled and results in a change in the state of the refrigerant liquid. Materials of construction of the evaporator include carbon steel for shell and water boxes, steel plates for division plates, seamless copper tubes, carbon steel cladded with copper/nickel alloy sheet for tube sheets, and steel plates for tube support sheets.  
A potential ageing effect for evaporator tubes is cracking due to fatigue.  A potential ageing effect and degradation mechanism for evaporator components other than tubes is loss of material due to corrosion (see also AMP103 and AMP135).
Control Switches:
Control switches includes pressure control switches, temperature control switches, fluid flow sensing switches, differential control switches, float switches. Ageing management of control switches and sensors is covered in AMP 217, AMP 218 and TLAA 201. 
Control Valves:
Control valves are used to start, stop, direct and modulate process flow to satisfy system requirements in accordance with system load. Control valves include evaporator pressure regulator, condenser pressure regulator, solenoid valves, condensing water regulators, check valves. The common materials of construction are stainless steels. The potential degradation mechanisms include corrosion which results in loss of material and creates initiation spots for fatigue cracking (see also AMP143). 
Piping, fittings: 
Materials of construction of piping and fittings include stainless and carbon steel and refrigerant lines are Cu or Cu-10% Ni tubing. 
Potential ageing degradation for tubing, fittings and refrigerant lines is cumulative fatigue damage due to vibration, which causes the ageing effect of cracking of piping and fittings and leads to reduced capacity and pressure (see also AMP134).
Piping connected to the evaporator transporting saturated or sub cooled HP liquid may undergo corrosion under insulation [5]. This can be managed either by this AMP or by AMP134.
Filters, strainers: 
The potential ageing effect for filters and strainers is increase in flow resistance due to wear and corrosion which leads to high head pressure, low suction pressure and reduced cooling capability. The relevant ageing affect is loss of material due to corrosion and wear 

1. Preventive actions to minimize and control ageing degradation: 
This programme includes preventive actions for addressing degradation. Preventive actions include overhauling, refrigerant analysis, glycol analysis, oil analysis, vibration, calibration of I&C instrumentations, chillers tubes cleaning, water chemistry controls, keeping moisture out of system, inspect contacts and tightness of terminals, record operating pressures and temperatures, amperage and voltages, replace oil filters, change oil as required by analysis, lubricate bearings, check operation of machines and compare with commissioning data [1, 3, 4, 6].  
Examples of preventive maintenance techniques and the ageing effects they cover  are [1]:
· Overhauling addresses the gasket failures, worn bearings, worn couplings, a failed shaft seal, a cracked shaft, worn valves, loose mounting bolts, cracked frame of reciprocating compressors.
· Refrigerant analysis is performed for the presence of moisture, acid and oil. The task is important to detect conditions that lead to oil return system failures on centrifugal compressors, either from a plugged pipe, inadequate system differential pressure, or other component failure. Refrigerant analysis also addresses gasket failures, excessive or ineffective purging of no condensable gases, and plugged refrigerant metering devices.
· Glycol analysis is only applicable when a glycol cooling fluid is used, and it addresses the change in fluid composition that results from fluid leaks. If this fluid leak goes unchecked, glycol fouling of the condenser heat exchanger is the result.
· Oil analysis is performed on compressor oil regardless of the type of compressor, and it measures degradation of the oil, presence of particulates, moisture content, and acid content. Oil analyses revealed incorrect or degraded oil as well as wear particles from worn bearings in all types of compressors. Scored shafts and worn journals can also be detected, most likely in reciprocating compressors subject to impulsive mechanical stresses.
· Vibration monitoring analysis is focused on the detection of wear and misalignment in bearings and couplings on all types of compressors, and of worn pulleys, belts, and sheaves, and loose mounting bolts or a cracked frame on reciprocating compressors. Worn gears on centrifugal compressors and worn screw elements on rotary screw compressors can also be detected.
· The external visual inspection is focused on the detection of leaks of water, oil, or refrigerant, degraded insulation in the cold part of the system, and the verification of operating parameters, including system capacity and control in the form of local area temperatures and pressures. Important parameters are condenser water-side pressure and flow rate, TCV position, and refrigerant temperature, which all assist in detecting water-side fouling of condenser tubes. External leaks are most likely from failed shaft seals, failed gaskets, pneumatic control device tubing and fittings, and refrigerant actuated control valves. Water chemistry is controlled, and tube cleaning is performed on regular intervals with intentions to prevent fouling of heat exchangers, improper water side flow rates and reduced heat transfer capabilities.  (see also AMP102 and AMP134).
· Water chemistry control and tube cleaning is focused on preventing fouling of heat exchangers, improper water-side flow rate, reduced heat transfer capabilities (see also AMP102, AMP103 and AMP155).
1. Detection of ageing effects: 
Detection of ageing effects is intended to occur before there is a loss of the structure and component intended function(s).
Ageing effects of essential chillers are detected by the following detection means [1, 2]:
· External visual inspection conducted periodically as per frequency defined in plant procedures. These visual inspections are means for early detection of abnormalities such as spurious trips, damaged components, system leakages, lack of lubrication, differential pressure increase of condenser, filters high or low head pressures, paint deterioration, rust or corrosion, foundation cracking, and high sound levels (see also AMP102 and AMP134). 
· Internal visual inspections are conducted to detect the abnormalities such as reduced cooling capacity, damaged shaft of compressor, due to wear and erosion of impeller, spring failures of pressure relief valves, plugged valves due to corrosion, reduced heat transfer capability and refrigerant losses due to tube sheet and head erosion and water side fouling corrosion and erosion in general (see also AMP117 and AMP135).  
· Eddy current testing (ET) of condenser tubes is performed to detect tube wall thinning, tube sheet and baffle damage and wear (see also AMP102). 
· Vibration monitoring is performed to detect excessive vibration levels of compressor, compressor shaft damage, excessive bearings vibrations to avoid compressor trips and wear of couplings.
· Operator rounds are performed to check high/low oil levels, refrigerant leakages, and general corrosion. 
· System performance tests are used to detect the ageing affects such as improper operation, spurious trips and failure to start. System performance test also detects the reduced heat transfer capability due to water side fouling of condenser and evaporator.  

1. Monitoring and analysis of trends for ageing effects: 
The methods for monitoring, recording, evaluating, and trending the data that result from the programme´s inspections shall provide for identification of adverse ageing trends such that corrective action can be performed as necessary in a timely manner. Performance tests, functional tests and condition monitoring are monitoring tools. 
Data from five (5) years as a minimum for equipment failures, preventive maintenance and corrective maintenance can be analyzed and trended to identify the dominant ageing affects and provide focus to this programme [1].
 
1. Mitigation of ageing effects: 
Water chemistry control programmes, plugging of condenser and evaporator tubes, actions to avoid excessive vibration, and proper lubrications are effective means of mitigating ageing effects [4]. 

1. Acceptance criteria: 
The principal acceptance criteria associated with the inspections contained with this AMP are in accordance with pertinent governing requirements (such as applicable codes and standards), designer and manufacturer documents, or guidance documents for the plant [1, 2]. 
Typical acceptance criteria include verification of current data and design data for different parameters such as percentage of tube wall thinning, evaporator pressure, condenser pressure, compressor oil pressure, purge pressure, lube oil temperature, cooling water inlet temperature, cooling water outlet temperature, cooling water flow, chillier water outlet temperature, chilled water inlet temperature, chilled water pump outlet flow chilled water pump inlet pressure, chilled water outlet pressure, refrigerant level and bearing temperature.
In addition, all intended leak tight connections and pressure boundaries should have no leakage, including no leakage of oil, or refrigerant, nor leakage from threaded fittings, gaskets leakage, flanges, motor connections, and no leakage observed in condenser tubes. 

1. Corrective actions: 
The inspection results are evaluated in accordance with approved fitness-for-service guidelines [1] to determine the need for corrective action. If required, a corrective action plan [1] is developed and implemented.
Typical corrective actions include tube cleaning or plugging of tubes, replacement of refrigerant, replacement of filters, repair/replacement of impeller, shaft alignment, bearing replacements, leak rectification or replacement of seals, maintain oil levels, and tightening of flanges to fix leaks. The objective of corrective actions is to restore the degraded location to a functional condition and, to the extent practical, prevent degradation recurrence.

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.
At the time when this AMP was produced, no relevant operating experience regarding implementation of plant specific ageing management program was identified. However, NUREG/CR-6043, “Ageing Assessment of essential HVAC chillers used in Nuclear Power Plants,” [2] has summarized operating experience of essential chillers used in NPPs, and the information in this report were used to inform the elements of this programme. Based on the report dominant ageing effects and degradation mechanisms for essential chillers were excessive vibration (due to unbalance or misalignment, excessive heat, excessive pressure, dirt and contamination, non-condensable gasses (air etc.), corrosion, tube freeze-up, mineral contamination, biological attack and growth, flow erosion, external environment (temperature, humidity, fumes etc.) especially at damaged flanges, joints, friction and wear, thermal cycling, misalignment, start-up torque, frequent starting/stopping. The components that most commonly fail includes pressure switches, temperature switches, relays, flow switches, gaskets and O-rings. The components which less commonly fail includes bearings, tubes, guide vanes, oil relief valves, oil pump, seals, expansion device, float valves, purge unit, motor control centre, motor.  Monitoring and maintenance steps that significantly helped to reduce number of failures are as follows:
· Control of water quality supplied to the condenser and evaporator,
· Routinely analyse lubrication oil to ensure correct chemistry (see also AMP136), 
· Routinely analyzed refrigerant to ensure correct chemistry/need based upon results of lubrication oil analysis,
· Perform Eddy Current (ET) of tubes to monitor corrosion,
· Periodically examine tubes; clean if necessary on schedule, 
· Periodically perform vibration analysis using same equipment,
· Heat-scan the electrical components with infrared temperature sensing instruments,
· Visual inspect and record gauge readings on daily basis,
· Record daily reading on trending charts,
· Routine all routine maintenance as per manufacturer instructions, 
· Annually service and test components to ensure reliability,
· Periodically (3 to 10 years) overhaul and inspect all wearing parts. 
This operating experience should be considered when implementing, reviewing and using plant specific AMP based on this IGALL AMP.
Review and evaluation of industry-wide operating experience [1, 2] have shown that inspection techniques for identification of ageing affects, preventive measures and mitigating ageing affects are generally effective in managing ageing effects.
At the time when this AMP was produced, no relevant R&D was identified.

1. Quality management: 
[bookmark: _Hlk157612561]In line with SSG-48 [7], Section 4.9 of the IGALL Safety Report [8] 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 [9] on the safety analysis report supplements, in GS-G-3.1 [10] 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 [11] contains good practices on data collection and record keeping for ageing management.
Examples of qualitative performance indicators for this AMP 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 progress is not getting minimized and the degradation is leading towards unacceptable limits or for technical reasons (not appropriate ISI, change of maintenance strategy/tools, change of monitoring device or frequency, etc.) the AMP had to be modified and/or revised. 
a. If the reason for AMP revision is only formal/regular review or to reflect an administrative change, the indicator is GREEN.
b. If AMP is revised due to new or additional information the indicator is YELLOW
c. If AMP has been revised due to exceedance of an acceptance criterion or a loss of function by an in-scope SSC
.
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 analyzed. 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 include followings:
Wall thinning of condenser and evaporator tubes
Definition: Ratio of plugged tubes to the allowed number of plugged tubes. 
Explanation: The indicator can show how far the plant is from the acceptance criteria and from the trend of several years if the corrosion process accelerates, steadily progress or improves.
Cooling capability of chillers
Definition: Capability of chillers to provide cooling as per design intent. 
Explanation: The indicator shows the health of different component such as compressor, condenser, evaporator and flow metering devices. 
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