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1. [bookmark: _Toc170226497]Purpose and scope of this document
This document provides short definitions of all possible model outputs shown in the CReDo Asset Risk Tool (referred to as the webapp in this document). This is not intended as a stand-alone document, for a complete understanding of modelling and how these outputs are generated please review the CReDo Asset Risk Tool user guide and the annex “additional modelling information”.

2. [bookmark: _Toc170226498]Asset model outputs
The following subsections outline the model outputs of the underlying asset models used in the webapp. 
2.1. [bookmark: _Toc170226499]Motor
· HighTempLimit: the probability that a motor ceases to operate because of a high temperature alarm trip in its internals.
· InverterTrip: the chance that the inverter or starter of the motor trips.
· GearboxOilThining: the likelihood that the oil in the gearbox thins to the point that it causes an overheat or seizing problem. It is worth highlighting that only a reduced number of motors have gearboxes.
2.2. [bookmark: _Toc170226500]Process control electronics (or electrics)
· ElectricUnit: the chance that process control electronics overheat. This aggregates different potential components (such as PLC or relays).
2.3. [bookmark: _Toc170226501]Stand-by generator
· StarterTrip: the probability that the starter of the generator trips.
· HighTempLimit: the likelihood that a generator ceases to operate because of a high temperature alarm trip in its internals.
· CoolingWaterPumpMotor: the chance that the motor of the generator’s cooling water pump stops operating. This would have additional granular failure probabilities attached to it, as shown for motors in section 2.1.
· HighTempExt: the combined probability that the generator overheats because of a “HighTempLimit” fault or because the cooling water pump motor has failed. 
2.4. [bookmark: _Toc170226502]Biological impact in aeration
· MicrobialPopReduction: the probability that microbial populations involved in aeration are affected by ambient heat to the point of causing a problem in the treatment stage (i.e. that could lead to insufficiently treated wastewater in the outlet).
2.5. [bookmark: _Toc170226503]Biological impact in final settlement
· LiftingBlanketsNitrogen: the likelihood that microbial populations present in final settlement are overactive due to ambient heat to a point where nitrogen bubbling would cause a problem in this treatment stage. 
2.6. [bookmark: _Toc170226504]Site power supply
· MainsSwitchFault: the chance that switchgear insulation in a mains power line degrades to the point of causing a power supply interruption.
· TransfomerHeatTrip: the probability that a transformer in a mains power line trips due to heat.
· Mains: the combined probability that a mains power line develops a fault either due to a transformer trip or a switchgear insulation degradation. 
· Generator: the likelihood that a stand-by generator fails (i.e. cannot be used as an alternative source of power to run assets) This would have additional granular failure probabilities attached to it, as shown for generators in section 2.3.
· Ventilation net: the chance that a ventilation system cannot operate due to any of the issues that can lead to a failure. This is modelled using motor and process control electronics models, as such, ventilation nets have additional granular failure probabilities attached to them; those shown for motors in section 2.1 and 2.2.
3. [bookmark: _Toc170226505]Site model outputs
The following subsections shows the model outputs for the site models used in the webapp.
3.1. [bookmark: _Toc170226506]Water and borehole pumping stations
Table 1. Possible outputs of water and borehole pumping station models.
	Output name
	Description

	PumpMotorFault
	The probability that a pump motor fails due to any of the mechanisms of fault of a motor. Further granularity within this fault would show the probabilities for each applicable fault mechanism as listed in section 2.1.
When there is more than one pump in a pumping station, each pump present on the site has its corresponding collection of probabilities; these are marked with a numerical identifier (e.g. PumpMotorFault1)

	PumpElectricFault:
	The likelihood that the process control electronics of the pump fail due to any of the fault mechanism associated with electronics. The corresponding granular probabilities would be shown as per section 2.2.
When more than one pump is present on each site, each of them will have its own process control electronics. In this instance, corresponding probabilities are shown for each; these can be differentiated by a numerical identifier (e.g. PumpElectricFault1)

	PumpOperationFault
	The combined probability that a water pump ceases to operate either because of a fault with the motor or its control electronics. This is a combination of the previous two probabilities.
Similarly to the previous cases, when more than one pump is present on a site, each one will show its corresponding operation fault. This is identified by using a numerical identifier (e.g. PumpOperationFault1)

	TotalPump
	When there is more than one pump on a site, for example, operating in duty, assist, or stand-by; this represents the combined probability that all pumps fail within a same time window; i.e. formally this is a combination of all “PumpOperationFault” probabilities that are applicable to a site.

	SitePowerSupply
	The chance that the site experiences a power supply interruption. The corresponding granular probabilities are shown in section 2.6.

	Ventilation net
	The probability that a ventilation system cannot operate due to any of the issues that can lead to a failure. This would have additional granular failure probabilities attached to it, as shown for motors in section 2.1 and electrics in section 2.2. This applies to any component (e.g. pump or electronics) that is ventilated on a given site.




3.2. [bookmark: _Toc170226507]Sewage pumping station
Table 2. Possible outputs of sewage pumping station models.
	Output name
	Description

	MainPumpOperation
	Equivalent to the total pump probability shown in section 3.1. This would also present the corresponding granular underlying probabilities for operation, electric and motor faults as also shown in the previous section.
The conceptual equivalent is applicable to the main sewage pump and, also, macerators and inlet screens.

	MaceratorOperation
	

	Inlet_screenOperation
	

	SitePowerSupply
	The chance that the site experiences a power supply interruption. The corresponding granular probabilities are shown in section 2.6.

	Ventilation net
	The probability that a ventilation system cannot operate due to any of the issues that can lead to a failure. This would have additional granular failure probabilities attached to it, as shown for motors in section 2.1 and electrics in section 2.2. This applies to any component (e.g. pump or electronics) that is ventilated on a given site.


3.3. [bookmark: _Toc170226508]Water Recycling Centre
For this type of site, the list of outputs is divided into different processes/blocks. The “general” section in the table gathers outputs that are applicable to the site as a whole, not to a specific block/process.
Table 3. Possible outputs of water recycling centre models.
	Output name
	Description

	Primary settlement

	PrimarySludgeForwardingPumpOperation
	Equivalent to the total pump probability shown in section 3.1. This would also present the corresponding granular underlying probabilities for operation, electric and motor faults as shown previously in this document.
This is applicable to primary sludge forwarding and primary desludging pumps, and scrappers.

	PrimaryDesludgingPumpOperation
	

	ScrapperOperation
	

	Biofiltration

	RecirculationPumpOperation
	Equivalent to the total pump probability shown in section 3.1. This would also present the corresponding granular underlying probabilities for operation, electric and motor faults as shown previously in this document.
This is applicable to recirculation and feed pumps, and distributor drives.

	FeedPumpOperation
	

	DistributorDriveOperation
	


Table 3 (cont.) Possible outputs of water recycling centre models.
	Output name
	Description

	Final settlement

	MicrobialLiftingBlanket
	Represents the likelihood that the microbial populations present in final settlement are overactive and generate nitrogen bubbling to a point where it can cause an operational problem in final settlement.
There is one of these types of outputs per final settlement stream present on the site.

	TreatmentOperation
	Linked to the previous, this is the chance that final settlement fails when microbial lifting of blankets has taken place.

	FinalCompressorPumpOperation
	Equivalent to the total pump probability shown in section 3.1. This would also present the corresponding granular underlying probabilities for operation, electric and motor faults as shown previously in this document.
This is applicable to the potential failure of collections of final compressors, final sludge forwarding and final desludging pumps, scrappers and brush assembly.
Underlying probabilities also include the electric and motor faults, and an operation fault per equipment present.
Each repetition of each type of equipment present on the site has its corresponding operation probability; this is marked with a numerical identifier (e.g. “FinalSludgeForwardingPumpOperation” can have a “PumpOperationFault1”and a “PumpOperationFault2”). If two (or more), for example, final sludge forwarding pumps are present on a site; all are used to calculate “FinalSludgeForwardingPumpOperation”, which represents the probability that all instances of this type of equipment develop a fault within the same time window.

	FinalSludgeForwardingPumpOperation
	

	FinalDesludgingOperation
	

	ScrapperOperation
	

	BrushAssemblyOperation
	




Table 3 (cont.) Possible outputs of water recycling centre models.
	Output name
	Description

	Surface aeration

	MicrobialPopulationReduced
	The likelihood that the microbial populations active in aeration are impacted by heat to an extent that causes a problem in the outlet of the treatment stage (i.e. an off-specification outlet)
There is one of these types of outputs per surface aeration stream present on the site.

	TreatmentOperation
	Linked to the previous fault, this is the chance that aeration fails when a “MicrobialPopulationReduced” fault has taken place.

	RecycledActivatedPumpOperation
	These are equivalent to “TotalPump” in water and borehole pumping stations (see section 1), but intended to represent the potential failure of collections of recycled activated sludge and surplus activated sludge pumps, and aerators.
Underlying probabilities also include the electric and motor faults and an operation fault.
Each repetition of each type of equipment present on the site has its corresponding operation probability; this is marked with a numerical identifier (e.g. “RecycledActivatedPumpOperation” can have a “PumpOperationFault1” and a “PumpOperationFault2”). If two (or more), for example, recycled activated sludge pumps are present on a site; all are used to calculate “RecycledActivatedPumpOperation”, which represents the probability that all instances of this type of equipment develop a fault within the same time window.

	AeratorOperation
	

	SurplusActivatedPumpOperation
	




Table 3 (cont.) Possible outputs of water recycling centre models.
	Output name
	Description

	Diffused aeration

	MicrobialPopulationReduced
	The likelihood that the microbial populations active in aeration are impacted by heat to an extent that causes a problem in the outlet of the treatment stage (i.e. an off-specification outlet)
There is one of these types of outputs per diffused aeration stream present on the site.

	TreatmentOperation
	Linked to the previous fault, this is the chance that aeration fails when a “MicrobialPopulationReduced” fault has taken place.

	RecycledASPumpOperation
	These are equivalent to “TotalPump” in water and borehole pumping stations (see section 1), but intended to represent the potential failure of collections of recycled activated sludge, reaeration and surplus activated sludge pumps.
Underlying probabilities also include the electric and motor faults and an operation fault.
Each repetition of each type of equipment present on the site has its corresponding operation probability; this is marked with a numerical identifier (e.g. “RecycledASPumpOperation” can have a “PumpOperationFault1” and a “PumpOperationFault2”) If two (or more), for example,  recycled activated sludge pumps are present on a site; all are used to calculate “RecycledASPumpOperation”, which represents the probability that all instances of this type of equipment develop a fault within the same time window.

	ReaerationPumpOperation
	

	SurplusActivatedPumpOperation
	

	AirSupply
	This is the probability that the air supply system fails (i.e. inability to supply air to any downstream process that need it)

	AirBlowerOperation
	The probability that all air blowers present in an air supply system fail.
Underlying probabilities also include the electric and motor faults and, at least, one operation fault.
Each blower present on the site has its corresponding operation probability; this is marked with a numerical identifier (e.g. “AirBlowerOperation” can have an “OperationFault1” and an “OperationFault2”) If two (or more), for example,  air blowers are present on a site; all are used to calculate “AirBlowerOperation”, which represents the probability that all blowers develop a fault within the same time window.

	SharedAirSupply
	Present when an air supply system provides air to more than one aeration stream. In those instances this is equivalent to “AirSupply”. The change in name is just intended to represent that a single (or more) air supply systems are supplying air to various downstream processes simultaneously.


Table 3 (cont.) Possible outputs of water recycling centre models.
	Output name
	Description

	General

	SitePowerSupply
	The chance that the site experiences a power supply interruption. The corresponding granular probabilities are shown in section 2.6.

	TotalPrimarySettlementOperation
	The probability that primary settlement as a whole fails.
When there are more than one working streams of primary settlement, each would have its own “PrimarySettlementOperation” probability. This is marked with a numerical identifier (e.g. “PrimarySettlementOperation1”) The “TotalPrimarySettlementOperation” is, then, calculated as a combination of all “PrimarySettlementOperation” that are relevant for a site.

	TotalFinalSettlementOperation
	These are all equivalent to the previous case, but aimed at representing failures in final settlement, biofiltration, surface aeration, diffused aeration, water outlet pumping stations and wastewater inlet pumping stations.
In all cases equivalent outputs to those described in the previous fault are provided when more than one stream for each type of treatment or stage is present on a site

	TotalBiofiltrationOperation
	

	TotalSurfaceAerationOperation
	

	TotalDiffuseAerationOperation
	

	TotalWaterOutletPumpOperation
	

	TotalSewageGeneralInletFeedOperation
	

	Quality_reduction
	The combined probability that a site is impacted by a fault in any of the treatment stages, and as a result, the required quality standard cannot be achieved in the site’s outlet. This is a combination of the “TotalPrimarySettlementOperation”, “TotalFinalSettlementOperation”, “TotalBiofiltrationOperation”, “TotalSurfaceAerationOperation”, “TotalDiffuseAerationOperation” and “SitePowerSupply” probabilities that are relevant to that site.

	SewageFlowInteruption
	The combined probability that a site is impacted by a fault in either its outlet or inlet pumping capabilities (or both) or by a power supply fault and as a result, wastewater cannot be pumped/flow as required. This is a combination of the “TotalWaterOutletPumpOperation”, “TotalSewageGeneralInletFeedOperation” and power supply fault probabilities that are relevant to a site.




3.4. [bookmark: _Toc170226509]Water treatment works
For water treatment works sites, the list of outputs is divided into different processes/blocks. The “general” section in the table references outputs that are applicable to the site as a whole, not to a specific block/process. The “mixed” section applies to water treatment works sites that use both ground and surface water sources.
Table 4. Possible outputs of water treatment works models.
	Output name
	Description

	Chlorine (gas)

	MotivePumpOperation
	This is equivalent to the “TotalPump” probability shown in section 3.1, but is intended to represent the potential fault of motive water pumps in chlorine (gas) processes.
Underlying probabilities also include the electric and motor faults and an operation fault.
When more than one motive water pump is present, each would have its own collection of operation, electric and motor faults as described in previous parts of this document.

	Hypochlorite chlorine

	HypochloritePumpOperation
	These are equivalent to “TotalPump” in water and borehole pumping stations (see section 1), but intended to represent the potential failure of collections of OSEC hypochlorite generation and chlorine injections pumps.
Underlying probabilities also include the electric and motor faults and an operation fault.
Each repetition of each type of equipment present on the site has its corresponding operation probability; this is marked with a numerical identifier. Each of these are used in the calculation of the outputs shown on the left, which represent the probability that all instances of this type of equipment develop a fault within the same time window.

	ChlorineInjectionPumpOperation
	




Table 4 (cont.) Possible outputs of water treatment works models.
	Output name
	Description

	Nitrates removal

	WaterSofteningPumpOperation
	These are equivalent to “TotalPump” in water and borehole pumping stations (see section 1) but intended to represent the potential failure of collections of water softening, water regeneration and saturated salt pumps in nitrates removal.
Underlying probabilities also include the electric and motor faults and an operation fault.
Each repetition of each type of equipment present on the site has its corresponding operation probability; this is marked with a numerical identifier. Each of these are used in the calculation of the outputs shown on the left, which represent the probability that all instances of this type develop a fault within the same time window.

	WaterRegenerationPumpOperation
	

	SaturatedSaltPumpOperation
	

	AirSupply
	This is the probability that the air supply system fails (i.e. inability to supply air to any downstream process that needs it)

	AirBlowerOperation
	The probability that all air blowers present in an air supply system fail.
Underlying probabilities also include the electric and motor faults and, at least, one operation fault.
Each blower present on the site has its corresponding operation probability; this is marked with a numerical identifier (e.g. “AirBlowerOperation” can have an “OperationFault1” and an “OperationFault2”) If two (or more), for example, air blowers are present on a site; all are used to calculate “AirBlowerOperation”, which represents the probability that all blowers develop a fault within the same time window.

	SharedAirSupply
	Present when an air supply system provides air to more than one ozonation stream. In those instances this is equivalent to “AirSupply”. The change in name is just intended to represent that a single (or more) air supply systems are supplying air to various downstream processes simultaneously.




Table 4 (cont.) Possible outputs of water treatment works models.
	Output name
	Description

	Ozonation

	CoolingWaterPumpOperation
	These are equivalent to “TotalPump” in water and borehole pumping stations (see section 1) but intended to represent the potential failure of the cooling water pump in ozonation.
Underlying probabilities also include the electric and motor faults and an operation fault.
Each cooling water pump on the site has its corresponding operation probability; this is marked with a numerical identifier. Each of these are used in the calculation of the “CoolingWaterPumpOperation”, which represent the probability that all instances of this type of equipment develop a fault within the same time window.

	General

	SitePowerSupply
	The chance that the site experiences a power supply interruption. The corresponding granular probabilities are shown in section 2.6.

	TotalNitratesFault
	The probability that nitrates removal as a whole fails.
When there are parallel working streams of nitrates removal, each would have its own “NitratesOperation” probability. This is marked with a numerical identifier (e.g. NitratesOperation1) The “TotalNitratesFault” is calculated as a combination of all “NitratesOperation” probabilities for each of the streams present on a site.

	TotalChlorinationGas
	These are all equivalent to the previous case, but aimed at representing failures in chlorination (gas), hypochlorite chlorination, ozonation and water inlet/outlet pumping stations.
In all cases equivalent outputs to those described in the previous fault are provided when more than one stream for each type of treatment or stage is present on a site.

	TotalChlorinationHypochlorite
	

	TotalOzonationFault
	

	TotalWaterOutletPumpOperation
	

	TotalWaterInletPumpOperation
	

	Quality_reduction
	The combined probability that a site is impacted by a fault in any of the treatment stages, and as a result, the required quality standard cannot be achieved in the site’s outlet. This is a combination of “TotalNitratesFault”, “TotalChlorinationGas”, “TotalChlorinationHypochlorite” and “TotalOzonationFault probabilities”.




Table 4 (cont.) Possible outputs of water treatment works models.
	Output name
	Description

	Supply interruption
	The combined probability that a site is impacted by a fault in either its outlet or inlet pumping capabilities (or both), or experiences a quality reduction or a “SitePowerSupply” fault. This would result in an interruption of water supply to customers.
This is a combination of the “TotalWaterOutletPumpOperation”, “TotalWaterInletPumpOperation”, quality reduction and “SitePowerSupply” probabilities that are relevant to the site.

	Mixed
	This applies to sites that use both ground and surface water sources.

	SurfaceSupplyInteruption
	This is the probability that a water treatment works experiences a failure on the surface water part of the site; that would lead to an inability to treat the raw surface water to the required standard or to flow depending on the cause (e.g. a treatment stage or a pumping asset)

	GroundSupplyInteruption
	This is equivalent to the previous case but applicable to the ground water part of a water treatment works site that has both surface and ground water sources.

	SingleSourceSupplyInteruption
	This represents the likelihood of a total supply interruption in “mixed” water treatment works. This is the situation where both a “SurfaceSupplyInterruption” and a “GroundSupplyInterruption” take place within the same time window.
This is equivalent to “Supply Interruption” but applicable to water treatment sites that use both surface and ground water sources.
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