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IMPORTANT NOTES: 
1. Use of the CReDo Asset Risk Tool is subject to the Terms & Conditions. Failure to comply with the Terms & Conditions may result in a user’s access being revoked.
2. Users are reminded that the tool is a prototype and it is released for information, interest and to stimulate further research into this important area of modelling. The tool and any outputs from it must not be relied upon for the purpose of making operational or investment decisions.

1. [bookmark: _Toc171478821]What is the CReDo Asset Risk Tool
The CReDo Asset Risk Tool (also referred to as the tool in this document) is an early development version of a decision support system that helps users in the water and wastewater industry understand risks around asset failure due to extreme heat weather events.
The tool allows the user to investigate the potential effects of different weather events, defined as a combination of one of three maximum forecasted temperature ranges (i.e. 30-35 °C, 35-40 °C and 40-45 °C) and one of four potential durations (1, 3, 7 and 14 days in a row) on a user defined collection of assets. Once a weather scenario is defined, the tool will provide users with an estimation of (a) the likelihood of experiencing such weather conditions; and (b) the chance that sites develop faults that could lead to serious operational impacts (such as supply interruptions).







The tool allows to run models for the following types of sites:
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· Sewage pumping station
· Aeration water recycling centre
· Bio-filtration water recycling centre
· Aeration and bio-filtration water recycling centre
· Borehole pumping station
· Water pumping station
· Chlorine only water treatment works 
· Nitrate removal water treatment works
· Ozonation water treatment works
· Nitrate removal and ozonation water treatment works


A variety of treatment operations and machines are modelled for each type of site, the bulk data input MS Excel template and the tool interface provide a comprehensive list of these. Additionally, please refer to the annex “Additional modelling information” to obtain further information about model components and modelling approaches. The annex “model output definitions” contains an outline of all possible modelling outputs shown in the tool.
Any equipment that is not present on the above-mentioned additional documentation is not currently included in the models. Please take this into account in when using the tool.
2. [bookmark: _Toc171478822]Requirements for using the CReDo Asset Risk Tool
To run the system, you will need a computer with access to the internet and a web browser application.
As a user, you will need to provide information about assets of interest, either manually using the tool interface or by populating the available Microsoft Excel template for larger datasets. The tool will take this data as an input to run the models; it is important to understand that no data is permanently hosted in any external system. 
The tool has been designed to be secure and is deployed in an equivalent environment to CReDo (Climate Resilience Demonstrator) in DAFNI (Data & Analytics Facility for National Infrastructure). When using your own organisations’ data, it is strongly recommended you only use computers managed by your own organisation and a secure and private internet connection (e.g. avoid use of public Wi-Fi).
The tool can be accessed via visiting https://credo.stfc.ac.uk/. If you are experiencing difficulties accessing your registered account or have forgotten your credentials, please contact the support team via credo@cp.catapult.org.uk.
3. [bookmark: _Toc171478823]Purpose of the user guide and finding more information
This document is designed to provide key information needed to:
· Add your asset/site data to the bulk data input MS Excel template (section 4)
· Navigate the tool’s user interface, successfully provide your data as an input, run weather scenarios and retrieve outputs (section 5) 
· [bookmark: _Toc168651063]Understand the limitations of the models used in the tool (section 6)
· Correctly interpret outputs (section 7)
If you wish to access more information about the CReDo Ofwat Catalyst Extreme Heat project or the CReDo programme, please email credo@cp.catapult.org.uk 
4. [bookmark: _Toc171478824]Using the CReDo Asset Risk Tool
How to get access
· Navigate to the CReDo – Extreme Heat page on the Anglian Water Innovation Hub or the CReDo Extreme Heat Summary page on the DT Hub and navigate to the page on the CReDo Asset Risk Tool. 
· Use the ‘Register here for access’ link to access the registration form and fill out your details.
· Once you access has been granted, you will receive an email with your login details and temporary password. If you have been denied access, you will also receive an email notification.
How to use
Link: https://credo.stfc.ac.uk/
 How to login
· Go to the link above and click the login button.
· Type in your username and password.
.1. If this is your first login, follow the instructions to create your MFA.
· Using your phone type in the passcode in your mobile authenticator
· You will see the list of CReDo tools you have access to, please click the “CReDo Asset Risk Tool” button.
 First time using the CReDo Asset Risk Tool
· Click the “Add Default Data” button, this will add some sample data for you to test the system.
· Feel free to change locations of sites by clicking on the map.
.1. You can also change the parameters of the assets in each site.
· Choose a climate scenario you want to run from the 3 variables of ‘length of event’, ‘range of temperature’, and ‘degrees of warming in the future’. 
· Click the “Run Models” Button to run the models against your data.
.1. If you can’t see the button in the left-hand navigation bar, your screen size may be too small for our current responsive design. Use the scroll bar to scroll all the way to the bottom of the page to see the button.
· Explore the output page.
 Bulk upload of data
· Click the “Download Bulk Data Template”
· Follow the guide on the template and section 5 of this document to fill the template in
· Click the “Choose file” button beneath the ‘Excel bulk upload’ text.
· Find the file on your computer and open”. 
.1. DO NOT CLICK ANYTHING ELSE as you wait for the data to load. The upload process can take around 3 minutes, and potentially longer if you are uploading hundreds or thousands of sites and assets
.2. Please wait till you see the data appear on the right-hand side and the ‘Choose file’ uploader to say ‘No file chosen’ - this means your data has successfully loaded.
.3. If there is an error in your file or the upload, you will be presented with an error statement. If you have left important data blank, you will be prompted to fill it within the interface, which is fine for a couple of edits, but we find it easier to edit your bulk upload file and reupload it once complete.
· Choose a climate scenario you want to run from the 3 variables of ‘length of event’, ‘range of temperature’, and ‘degrees of warming in the future’.
· Click the “Run Models” Button to run the models against your data.
.1. If you can’t see the button in the left-hand navigation bar, your screen may be too small. Use the scroll bar to scroll all the way to the bottom of the page to see the button.
· Explore the output page.
 How to use the model output page
 The model output page is split into four sections, Map View, Site Table, Asset Table and Full Data in Tree Format.
 The map view provides you with a map showing your site locations, site risk and the climate data. Please review the key to see what each colour means. You can click on each pin in the map for more information.
 The Site and Asset Tables give your data in tables. 
· You can click the table headings to sort the data. For example, if you click ‘Site impact’ it will sort the data from least to most at risk. If you click it again it will be most to least at risk.
· You can use the search bar in the top right corner of each table to search the data.
· You can change the number of rows show at once in the top left corner.
· You can download your sorted and searched data by clicking the “Excel” or “PDF” buttons in the top left corner of each table.
 Lastly, the tree format is the full dataset created by models. This is the raw data and is only meant for more technical users. This data can be used by your internal data science teams to gather further insight from using our systems. This downloads in a JSON format.
 If you have any problems, please contact credo@cp.catapult.org.uk with your issues.
5. [bookmark: _Toc171478825]Using the MS Excel template for large-scale bulk data input
To increase the chance of adoption of this tool, an Excel “Template” has been included for the importing of large numbers of assets. The Template can be downloaded from within the tool and contains a spreadsheet tab providing some guidance on how to use it, but this section describes the overall flow of using the Template.  It is recommended that a user first familiarise themselves with the tool before they embark on populating this Template because it will help in understanding the type of data the Template requires.   
The choice to use an Excel template was motivated by accessibility to the widest range of users possible, but it comes with the need for users to carefully input data into the template for the models to run.  We have aimed to provide sufficient guidance to achieve this, however given the alpha version of the tool please exercise caution.
Upon downloading the Template this can be opened in Excel and comprises the following tabs:
Green Tabs (Reference Information)
· Asset Types & Matrix (the currently accepted asset combinations)
· High Level Process Schematic (indicating general process naming)
· Terms (explanations of the terms found throughout the tool)
Red Tab (How to Use Template)
Please refer to the “How To” tab in the template in conjunction with this guide. It provides additional guidance on how to use the template along with stipulations regarding how the data should be entered for the tool and data models to work properly.
Blue Tabs (Asset Data)
· Sites (the broad site level data as it pertains to Default, Synthetic and Actual Assets)
· Default Assets (a list of example sites which can be cut/paste onto the Synthetic Assets and Actual Assets tab where Codes, Names and Grid References can be added)
· Synthetic Assets (where a user can add new assets that doesn’t comprise of real sensitive data)
· Actual Assets (where a user can add new assets which together comprise the assets occupying the Sites previously added onto the Sites tab)
Grey Tab (Supplementary Data)
· Lookup Tables (an overview of all the drop-down lists within the Template)
The Template has been designed to hold data about Sites on the “Sites” tab. This includes Site Codes, Names, Types, Asset Owner, Primary Resource and, importantly, the Site Location recorded in Northings and Eastings.  The Site Code is used as a “key” for combining this site level data with the more granular asset data held on the Synthetic Asset tab and Actual Asset tab.  Please ensure the Site Code on the Sites tab is accurately used on the Assets tabs for data integrity.
I. Add the Site details to the Sites Tab for the Sites you wish to add to the tool.  These can be actual sites, masked sites, potential sites, whatever you might need or want to assess.
[image: ]
Figure 1. Screenshot of the “Sites” tab.
Once the Sites have been added, the next tab to populate is the Synthetic Assets tab or Actual Assets tab. Populate the Synthetic Assets tab if you are using synthetic data, and populate the Actual Assets tab if you are using real data – both tabs are ingested into the CReDo Asset Risk Tool in the same way, but splitting the data in this way is helpful for clarity on the confidentiality of your data and ease of source. Inputting the data into the Assets tabs is a more involved process, but the recommendation is to copy and paste from the Default Assets tab and then edit to better reflect the Site in question.  It is possible to simply copy and paste Default Assets and use them with no further edits if the intention is to get a general idea of impact on water assets without going to the trouble of identifying the full / accurate details of specific sites.
II. Copy and paste default sets of assets onto the Synthetic Assets or Actual Assets tabs as appropriate from the Default Asset Tab and modify as necessary.  Overtype the appropriate Site Codes with those from the Sites Tab to associate these sets of assets with the correct site details, notably including the grid references, on the Sites Tab.
[image: A screenshot of a computer

Description automatically generated]
Figure 2. Screenshot of the “Actual Assets” tab (top – columns A to M, bottom – columns N to S)
Asset Types & Matrix
In column A of the Actual Assets Tab there is a “Check Against Matrix” field.  This checks that the details added conform to the Asset Types & Matrix on which the models have been based.  In the future, there may be opportunity to expand the number of models supported. For now and as the tool is in prototype stage, please note that if you add a combination which is not present, the models will not be available to assess the risk to that site configuration.
For a given default site, there are mandatory assets which are indicated on the Asset Types & Matrix tab i.e. a Transformer is mandatory for all sites – it has been assumed that all sites will have some form of step-down transformer from the grid and as such a transformer is automatically included in all site models.
I. Once both the Sites and one of the Assets tabs are populated with data which adheres to the criteria indicated above, this file can be saved and uploaded using the upload file feature within the CReDo Asset Risk tool
II. All the Sites can then be assessed against the scenarios held in the tool (see section 4 on use of the tool)
6. [bookmark: _Toc171478826]Interpreting model outputs
[bookmark: _Toc168651072][bookmark: _Toc171478827]Considering the probability values in the context of repairability and operations
The models consider a variety of mechanisms of failure (e.g. electrical trips); according to the experts interviewed in the project, many of these can be corrected in short amounts of time. This means, that even if the probability of failure of a pump or a supply interruption for a site is high, it might not eventually lead to a significant impact in reality (e.g. supply interruption event) if the issue can be corrected in a short amount of time (e.g. experts estimate repair times in the range of 1 to a few hours in some instances, depending on staff and spare parts/equipment availability). It is important users take this into account when considering the model outputs provided by the tool.
As noted previously, the current version of the models does not represent time dependent processes, such as repair activities or other mitigations (e.g. use of portable fans, air conditioning, modification on operation of other processes to rebalance site). Given that, it is also key to understand that the model outputs show outputs for a “do nothing” scenario. As stated above, there are no repair processes being modelled, so easily repairable impacts, such as inverter trips and simple overheats are not being considered in the calculations of probabilities of, for example, supply interruptions. This is also the case for mitigations, the models are also not considering that additional portable fans, portable air conditioning or others would be installed. It is essential that probability values are considered within this context. It is assumed, asset owners would apply mitigations during extreme weather events, which means the likelihood of impacts would likely be significantly lower, compared to those shown by the current version of the models. Future model versions could consider this and calculate probabilities that are more aligned with reality. 
In summary, it is strongly recommended that site level output probabilities such as supply interruptions, quality reduction in water or discharge failure in wastewater are interpreted in a “do absolutely nothing” scenario. Alternatively, these could also be interpreted as the probability of experiencing problems that could lead to those site level impacts rather than the probability of experiencing the impacts themselves.
[bookmark: _Toc168651073][bookmark: _Toc171478828]Considering probability values and most likely state of a site
The complexity of the models might make it difficult, and potentially counterintuitive, to understand what the most likely state of a site is. The models consider the potential fault of a wide range of equipment, especially in water treatment works and water recycling centres. As such, site level impacts (such as supply interruptions) can be caused by a high number of asset faults, which can lead to high probabilities of the site level failure impact (e.g. over 50%). This can be the case even if the chances of failure of all single equipment considered on the site have fault probabilities that are significantly lower (e.g. lower than 50%). If we were to compute what is the most likely state of such a site (i.e. if the site will be functional or not), the result of the calculation would be that, most likely, the site would still be functional. This is because a high number (or all) individual faults that feed into the site level failure have lower probabilities (e.g. lower than 50%). In that particular instance, the most likely situation for each of those individual faults is that they do not take place, and as a consequence, the most likely state of the site is, also, that it does not fail, even if the calculated probability for that site failure is high (e.g. higher than 50%).
This is counterintuitive, as a user that is only revising site level impact probabilities might get an inaccurate opinion of what is most likely to take place. As such, it is important for users to consider more granular probabilities within a given site and compare them to those of site level impacts. That way, users can determine what is most likely to take place accurately. 
To better illustrate this situation please consider the following conceptual example: A water treatment works where the water is sourced via a borehole pumping station, treated in a chlorination (gas) process and then distributed via an outlet water pumping station. According to the models, a supply interruption could be caused by a complete fault of the borehole pumps (event/probability “A”), a complete fault in motive water pumps in chlorination (event/probability “B”) OR a complete fault in the outlet water pumps (event/probability “C”) In this instance, the probability of a supply interruption (event/probability “D”) can be calculated as the chance that event “A” or event “B” or event “C” takes place, as one of them is enough to cause a supply interruption. If “A” is 30%, “B” is 15% and “C” is 40%, a simple calculation of “D” will output a 64.3% (the chance that at least one of the 3 events that can cause a supply interruption takes place). If a user only considers the value of “D”, then they might interpret that the most likely state for that site is that there is a supply interruption. However, if we inspect “A”, “B” and “C” values closely, it is found that they are all lower than 50%, so it is easy to understand that the most likely situation at their own independent level would be that neither fails and, as such, the most likely state of this site is that it does not fail. It is important to stress that the value of “D” is not incorrect, but probability mathematics are complex and often can be counterintuitive; this example illustrates the importance of reviewing the more granular underlying probabilities.
[bookmark: _Toc171478829]Considering weather event probabilities
As the user can choose 3 temperature ranges and the 4 potential durations of the climate event (as shown in section 1), 12 combinations of temperatures and length of event (for 3 different global warming scenarios) can be selected as heat events to run the models. Upon selection, the tool shows a first estimation of the likelihood of experiencing such event. 
In the data a year is represented by the single hottest day. More specifically, that might be the hottest individual day, or the highest temperature, which is exceeded on n consecutive days, where n can be 1, 3, 7 or 14 days. As such, for example when selecting 30-35 °C 1 day as an event, if the probability shown is 60%, this means that there is a 60% chance that the hottest day of the year is in that specific range of temperature. 
It is important to highlight that the probability given is for the specific temperature range, for instance, in the previous example this is 30-35 °C; it is not the probability that the hottest day is at least 30 °C (or implicitly any temperature above). If a user wishes to understand what is the probability that a particular location experiences a temperature above, e.g. 30 °C for a single day, then all probability values for temperatures above that one would need to be aggregated; this is for events of 30-35 °C, 35-40 °C and 40-45 °C for 1 day. 
[bookmark: _Toc168651074][bookmark: _Toc171478830]Considering the likelihood of a weather scenario with the failure probability values
When users run a specific weather scenario (e.g. 40-45 °C for 14 days) a probability of the likelihood to experience such event will also be shown as an output. It is important to consider this value in conjunction with the failure probability values. For example, the models might output that a given site has a high chance of a supply interruption (e.g. 70%) in the above example weather event; simultaneously, the weather event itself might have a low probability of occurrence (e.g. 0.05%). Users should consider that even if the models suggest the site is at risk, the chance that this situation takes place in reality is low due to the low probability attached to the weather scenario. Essentially, the model is stating that if such weather event was to take place, then the risk of a supply interruption would be high. 
The tool allows to (1) retrieve weather event probabilities, (2) probabilities of fault for a range of equipment assuming the weather event is taking place, and (3) the combination of these two probabilities.  It is important to understand that these 3 values represent different events:
· 1 represents the probability that the selected combination of temperature range and length of time takes place.
· 2 is an estimation of the probability that an equipment fault or impact takes place assuming the selected weather event is taking place.
· 3 approximates the probability of the following sequence, the weather event occurs AND then a fault develops.
On some occasions probability 3 may be very low, mainly when some of the most extreme heatwave scenarios have very low probabilities (i.e. probability 2). In the above example, probability 1 is 0.05% and probability 2 is 70%; in this specific instance, the result for probability 3 would be 0.035%. When dealing with very low output probabilities it might be more easily understandable for a user to reformat the outputs as a 1 in an X chance of taking place. This can be easily achieved by using the following simple mathematical formulae: 
		eq. 1
Where: 
· X (%) is any output probability expressed as a percentage. 
· “a” is always 1 
The 1 in X chance format can be obtained as “a” in “b” chance of taking place. For the previous example, i.e. X (%) = 0.035, a = 1 and b = 2857, So, an event with a 0.035% of occurrence can also be expressed as a 1 in 2857 chance of taking place. 
[bookmark: _Toc168651075][bookmark: _Toc171478831]Considering fault delays
It is important to consider that certain types of equipment faults will not immediately lead to a site level impact, such as a supply interruption. The model cannot consider this in the calculation of the probabilities, but it is important users consider their own expertise in fault delays when considering the likely impact of faults in a real event. Average values of fault delays given by experts are available in the annex “additional modelling information”.
7. [bookmark: _Toc171478832]Current modelling limitations and assumptions
[bookmark: _Int_ZMeX04hK]The modelling of water and wastewater assets, blocks, processes and sites is very complex. CReDo Extreme Heat is at an early development stage, where the main objective is to demonstrate capabilities via the use of this tool, but simultaneously, also provide value to users of the technology by making available a first version of models that is somewhat representative of reality (see model limitations section for further understanding). The main objective is to provide users with an understanding of the types of outputs that more refined models could provide in the future.
To support this objective with the available resources and within the timeline of the project, it was necessary to agree on the scope, limitations and assumptions that would be considered in the implementation work. This section’s aim is to provide a clear outline of key modelling limitations and simplifications that apply to the first version of the models used in the tool. This also provides further insight into future steps in model refinement that would be needed to increase how well models represent the potential real impacts of extreme heat events. 
7.1 [bookmark: _Toc171478833]Modelling scope
[bookmark: _Toc171478834]Cascading of asset/site failures
The current version of the models calculates risks on sites in isolation, no consideration to connections between sites (i.e. failure cascading) in the same or other infrastructure networks are taken into account.
This will be considered in future versions of the CReDo project. 
[bookmark: _Toc171478835]Representation of total and partial failures
The model outputs probabilistically represent “complete” faults; i.e. those where machines would cease to operate completely and could lead to total failure impacts at site level (i.e. total supply interruptions).
In reality, there are instances where machines or sites could be affected partially. For example, a water treatment site might not be able to provide water at full capacity, but at a reduced one, if not all its water sources have a critical fault. Representing this type of intermediate situations increases model complexity drastically and has not been considered in the current versions of the models.
[bookmark: _Toc171478836]Types of weather data and its impact in the use case
The weather data can be visualised in the tool and is used by the models to calculate probabilistic outputs. This available weather data can be described as:
· Discrete combinations of temperature and length of time that are considered as threatening to assets according to experts’ opinions. In this phase, weather event options (for different warming scenarios) include 3 maximum daily temperature ranges (i.e. 30-35, 35-40 and 40-45 °C) and 4 lengths of time for which these temperatures would be sustained (i.e. 1, 3, 7 and 14 days in a row). The models can react to all 12 combinations of these two variables. 
· The tool does not currently support assessing risks for sequences of these events in an aggregated way, for example a 3-day 35 to 40 °C event, followed by a 1-day 40 to 45 °C) event.
The use of this data is adequate to support a use case where there is interest in understanding the resilience of assets and sites to a specific threshold of temperature and length of time. This would be answering the question of, for example, “how resilient are my assets to a 40°C maximum forecasted temperature threshold that lasts a week?”
Future iterations of the project could potentially aim to use other types of weather data (e.g. time series data) that, for example, support a use case where there is a wish to understand how resilient assets are to a potential real heatwave event. This type of data would describe how temperature might fluctuate over time during a number of days by, for example, providing hourly values. This would also allow to represent operational aspects that are time sensitive, which is something the use of the current weather data does not support.
[bookmark: _Toc171478837]Modelling time dependent processes
Many of the mechanisms of fault considered by the models, such as electrical trips and high temperature safety limit trips might be easily fixable according to experts interviewed in the project (in some instances within one to a few hours; this could involve, for example, resetting and restarting and asset after the heat load problem has been addressed by e.g. bringing portable ventilation or cooling capabilities into the surroundings). Given this, the project team considers that to accurately model these types of faults and their impact, it would be necessary to also model repair processes; this would involve including the main aspects of these, for example, availability of repair crews and spare parts, and repair and travel times. This requires the modelling to consider a time dimension, which would involve the use of time series type data (or similar). As mentioned earlier, the current version of the models does not use this type of data, hence repair processes or other time dependent operational processes are not considered by the current models. 
7.2 [bookmark: _Toc171478838]Modelling limitations and simplifications
As mentioned earlier, in order to ensure a fit-for-purpose version of the model was available for the tool the simplifications listed below were introduced. Please carefully consider their impact on how well the models represent the reality of your organisations’ assets. To better understand this section, it is recommended to read the annex “Additional modelling information”.
· Each motor represented in the models (this includes stand-by motors) has its own set of process control electronics. The models do not consider the possibility of shared electronics between motors.
· [bookmark: _Int_0ONgKcSS]Ventilation motors do not use the same demand level as the equipment motors they are ventilating (e.g. a pump motor). All ventilation motors are assumed to be working at the top of their capacity.
· Each motor and electronics are assumed to have its own ventilation, the models do not consider the possibility that two assets are ventilated by the same ventilation (e.g. two assets in the same building and room). Although not necessarily representative of reality, this does not have an impact in the calculation of other failure probabilities such as the probability of a specific machine ceasing to operate and, as such, numbers are reported adequately for each equipment. 
· Ventilation motors are self-ventilated. This means the models assume motors for ventilation systems are ventilated by the own ventilation system they power. 
· Time dependent components are not considered in the modelling as the current weather data does not support this. This applies, for example, to fault delays (i.e. the fact that a machine ceasing to operate might not lead to an impact immediately), repair, mitigation or other time dependent processes.
· It also means models do not consider changes in ventilation or demand profiles of equipment. For example, the fact that a probability of failure of a motor will increase if its ventilation has failed or that motors might need to increase its rate of operation if other related equipment fail (e.g. a motor in duty assist). 
· Each site is assumed to have a single power infrastructure block. This can include redundancies for some equipment (redundant in this document refers to the existence of repetition of equipment that is operating in parallel to others of the same type or is in stand-by and could be used in the event of a fault in the main equipment), such as transformers, but cannot account for the existence of redundant (i.e. additionally available) stand-by generators. This means, for example, that the models do not account for the possibility that a specific machine or treatment process might have its own set of independent transformers or stand-by generators. All power infrastructure is considered to apply to the whole site.
· Air supply systems can be shared between different process streams (this applies to ozonation and aeration modelling). The models consider that if the number of air supply blocks is lower than the number of streams they supply air to, then all air supply blocks are shared with all process streams that need it (this also applies if the number of air supply blocks is higher than the number of process streams). If the number of air supply blocks is equal to the number of streams, then the models assume that each air supply system only supplies one single process stream. This has an impact in how failure probabilities are calculated and the impact that the failure of air supply systems can have at site level.
· [bookmark: _Int_lrHvtOso]The models can consider a wide variety of equipment redundancies and parallel working process streams (e.g. pump motors, scrappers, treatment streams). That said, as previously mentioned, the models do not take into account partial failures, so that means that only complete faults are calculated in these instances. For example, if a water pumping station has 3 different pumping lines, a fault in all 3 pumping lines would be needed to cause a potential supply interruption. The model will output the probability that each independent line fails and the probability that all fail, but will not provide the probability that only 2 fail and that the site operates at a partial capacity. This type of arrangement applies to any redundancy in any equipment or process streams.
· It is important to understand that this is done using a simple probability aggregation calculation, e.g. what is the chance that the 3 pumps fail simultaneously assuming these 3 events are independent. In reality, these 3 events are not independent, since from the moment the first pump fails, there would be ongoing activities for its potential repair. More details on repair processes and other time dependent process are described in section 7.
· The Water treatment works models considers the possibility that both borehole and water pumping stations are present in the site’s inlet, but they are all considered to be operating in parallel and, hence, are modelled as described in the previous bullet point. This is not necessarily accurate as the water pumping station is likely to be operating in sequence (not in parallel) after the borehole pumping stations.
7.3 [bookmark: _Toc171478839]Methodological limitations
The models were developed using expert elicitation, it is important for the user to consider the following:
· The project team ran 31 probability elicitation interviews; these included scientists, engineers, operational managers and others. These were exclusively Anglian Water staff. 
· The number was not evenly distributed among all equipment for which elicitation sessions were ran. For some equipment, there was a reduced number of experts available (e.g. stand-by generators).
· Ideally, future iterations of the project should engage with a wider pool of experts from a wider range of water operators. This would increase the robustness of the probability values outputted by the models.
· It is also important to consider that probability values given by different experts for a specific piece of equipment (e.g. 4 experts providing input into the potential fault of a motor) where aggregated using a simple mathematical average. This is not mathematically incorrect, but more complex methods for aggregating probability can be more mathematically robust and will be considered in future iterations of the project.
· Probability values were elicited for the 12 combinations of weather conditions mentioned in section 6.1. That said wind speed, humidity and solar radiation conditions were fixed as being negligible, average dry for this type of weather and high (i.e. sky completely clear) respectively. It is important to understand that varying the value of these additional weather variables could prompt experts to provide different probabilities, for example, on a windy day, outdoor assets would experience wind-driven cooling. 
· The project team has completed a review of the code implementation of the models to minimise the chance of any mathematical errors or major problems when using the models. That said, please do take into account this is considered to be at an early development stage; if you experience any issues, please contact the support team (see section 3 or tool interface).
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