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Glossary  

Asset Base  -  Core asset data records providing specification/configuration and location data.  

Asset Cohort  ï a grouping of individual assets which can be assessed together meaningfully for 

intervention/investment planning purposes  or regulatory reporting purposes . Within the NMs 

methodology , cohorts are defined specifically for planning and assessing investment interventions  

to quantify health and monetised risk benefits.  

Asset Failure  -  Any operation or function which the asset fails to correctly perform which gives 

rise to consequences.  

Asset Groups  ï A collection or class of assets, defined as the primary assets utilised in Event 

Tree Analysis.  

Asset Health  ï A measure of an assetôs current ability to perform its operation or function. 

Asset Risk  ï The product of the Probability of Failure  and the effective quantity of consequence. 

The expected number of consequence events.  

Asset Risk Value  -  The product of the Probability of Failure  and the consequence of failure. 

Expressed in monetary terms.  

Asset Stratification  ï a grouping of asset attributes that statistically define the asset in terms 

of (for example) current of future performance/risk  

Asset Sub - group  ï a sub -division of the above, predominantly where a specific asset attribute 

is considered material to be reporting separately (e.g. Iron Mains)   

Attribute  ï A piece of information which determines the properties of the PoF or CoF calculations  

Cost of Consequence  ï The per unit monetary cost of a consequence.  

Consequence Quantity  ï The potential quantity of consequence ñunitsò that could be generated 

from an asset failure (e.g. lives lost through a gas explosion in a property)  

Consequence of Failure  ï Any unintended impact which results from an Asset Failure expressed 

in monetary terms. Calculated from the product of the quantity, probability of consequence, and 

the cost of consequence.  

Criticality ï A measure of an asset ôs safety, reliability and environmental impact resulting from 

an Asset Failure  

Data Reference Library  ï A data template detailing the node name/reference, a description, 

unit of measure  and potentially  the value used including source or calculation.  

Deterioration Rate  ï The rate at  which the Probability of Failure changes over time.  

Discount Rate  ï The rate at which future costs are expressed in their net present value terms.  

Effective Quantity  ï The product of the quantity and the probability of consequence.  

Event Tree  ï An approach to mapping Failure Mode s and their affect in a structured manner. 

Event Tree Analysis (ETA) is a graphical technique for representing the mutually exclusive 

sequences of events following an initiating event (an asset failure) according to the various events 

that may mitigate/inf luence its consequences.  

Expert Elicitation  ï The synthesis of opinions of authorities of a subject where there is 

uncertainty due to insufficient data or when such data is unattainable because of physical 

constraints or lack of resources. Expert Elicitation is essentially a scientific consensus 

me thodology.  
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Failure Mode  ï Failures associated with a particular Asset Group , categorised by the nature of 

the failure.  

Financial Risk ï The direct financial costs to the business for without - Intervention  work to the 

assets such as such as repair.  

GDN ï Gas Distribution Networks (Distribution network operators).  

Industrial & Commercial (I&C)  ï supply to an industrial/commercial premises  

Innovation  ï New technology or techniques used as an alternative to current intervention 

activities.  

Intervention  -  Any activity which is carried out, beyond the scope of Maintenance that changes 

either the probability or consequence of asset failure or  extends the life of the asset.  

(NARMs) Intervention Life  ï the fixed time (per asset and intervention type) that the 

Monetised Risk benefit is accumulated to derive the LTRB metric for a specific asset and 

intervention type. Also referred to as the life of an intervention. It is important to state that this 

is not the same as the asset life used for accounting depreciation, which assumes a typical cycle 

of maintenance prior to the asset being deemed as having zero asset value.  

LTS ï Local Transmission System (pipeline network)  

Long Term Risk (LTR) and Long Term Risk Benefit (LTRB)  ï these are used (sometimes 

interchangeably) to quantify the cumulative Monetised Risk benefit delivered over the defined 

intervention life, per asset and intervention.  

Monetised Risk  ï The total Asset Risk Value based on the required output metric.  

NARM  Methodology  -  Network Asset Risk Metric Methodology  and Framework (RIIO -2 

approach)  

NOMs Methodology  ï Network Output Measures Health & Risk Reporting Methodology and 

Framework  (RIIO -1 approach)  

Network Risk Output (NRO)  ï the regulatory target arising from implementation of the Long 

Term Risk process. Consists of a Long Term Risk Benefit value (R£) and a cost to deliver (£) which 

are combined into a U nit Cost of Risk (UCR)  metric to measure efficient delivery and support 

calculation of rewards and penalties through the NARM incentive mechanism. The NRO is a sum 

of all the LTRB values, per asset and intervention, within a best -value asset health investment 

programme.  

Non - repairable Assets  ï Assets failure result in the asset being replaced and returned to óas 

good as newô. 

PE ï polyethylene  mains pipe  

PoF (Probability of Failure)  ï The probability an asset will fail at a given point in time, 

conditional that it has survived to that time. Units are expressed per year. This is also known as 

the hazard rate.  

PoF (Failure Rate)  ï For an asset this is the rate of occurrence (frequency) of failures at a given 

point in time, typically measured as the number of failures over a year.  

PRS ï Pressure Reduction Station  

Planned Maintenance  -  Any activity which is normally and routinely carried out to maintain an 

asset in good working order or  extend the life of the asset. This does not change the ongoing 

Probability of Failure . 
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Primary Asset  ï A defined list of assets as per Table 1.  

Private or company risk  ï The cost of dealing with the failure such as the cost of lost gas, the 

requirements to undertaken network inspections, the cost of restoring supplies.  

Probability of Consequence (PoC)  ï The probability or proportion of quantity (usually between 

0 and 1) that ends up being affected.  

Public risk  ï Indirect environmental and societal costs associated with health and safety, traffic 

disruption etc.  

Reliability Block Diagram (RBD)  ï A simulation technique for estimating system availability 

taking the connectivity of multiple assets within a system into account.  

Repairable Assets  ï Assets that when fail can be repaired and generally returned to óas bad as 

oldô. The Probability of Failure  is identical immediately before and after failure  

RIIO - GD1  ï A price control sets out the outputs that the eight Gas Distribution Networks (GDNs) 

need to deliver for their consumers and the associated revenues they are allowed to collect for 

the eight -year period from 1 April 2013 until 31 March 2021.  

Secondary Asset  ï An asset  that supports   or impacts a primary asset  
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1.  Introduction  

 

The purpose of this document is to set out a common methodology which shall be used by all Gas 

Distribution Networks (GDNs) to assess the health, criticality,  and associated Risk Value of 

network assets to meet special licence condition 9.2 (Network Asset Risk Metric Methodology ) . 

This methodology is called the Network Asset Risk Metric Methodology & Framework, hereafter 

referred to as the NARM Methodology.  

The document sets out the overall process for assessing condition -based  risk and specifies the 

parameters , values and calculation methods to be used. The collective outputs of the assessment, 

used for regulatory reporting purposes, are known as the NARM. The methodology can be 

amended subject to the change process outlined in licence condition 9.2 Part C.  

When approved by Ofgem, this methodology will require GDNs to re -align their current  processes 

and practices to this new standard. GDNs may also need to re -baseline  the ir  NARM consistent 

with  the methodology detailed within this document for the RIIO -GD2 period.  

When adopted, GDNs will be required to report annually against the targets set using the  

methodology. These reporting requirements are set down in RIIO -2 Regulatory Instructions and 

Guidance (RIGs) for  NARM Tables .  

 

In the RIIO regulation regime, as first implemented in RIIO -GD1, Ofgem sought  to move to a 

more output based measurement of the drivers for network business plans . One such output  was  

in the development of a measurement of the health and risk associated with assets and 

subsequently the impact the proposals /investments  in business plans make  upon the health and 

risk of the assets over the regulatory period.  

A risk  assessment and reporting  solution was  proposed in order to ensure health management 

was  appropriate to the needs of the Gas Distribution N etwork  and its con sumers . This process 

identifie d the potential impact arising from the unavailability or failure of a network ôs asset s 

through  the assessment of the consequence and risk associated with such failures . Risk values 

were represented in monetary terms as a ñcommon currencyò for comparison between different 

failure types and Asset Group s. This defined common currency for the statement of asset risk is 

subsequently referred to as Monetised Risk  throughout this document.  

This Asset Health and Risk Assessment process was initially badged Network Output  Measures 

(NOMs) and became  the NARM for RIIO -2. It is described in this methodology together with the 

assumptions needed to project the current assessment forward to future years.  

The effect of  example  intervention plans,  and the associate d risk impact is also described. This  

enables  the comparison of current and future with - and without intervention scenarios using both 

a relative asset Health value and an absolute Monetised Risk value for each planned intervention.  

 

Prior to RIIO -2, NOMs was  used primarily as a regulatory reporting tool to monitor the network 

companiesô asset management outputs and performance. NARM was developed to quantify the 

benefit, to consumers, of the network companiesô asset management activities. In RIIO-2, this 
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will be used as the output to hold the network companies accountable for their investment 

decisions. NARM is intended not only as a regulatory reporting and monitoring tool, but also as a 

decision -supporting tool for network companiesô asset management investments, and as a way 

for the network companies to justify past and future investments to Ofgem.  

The NARM Objectives are set out in Sp ecial Condition  9.2 of the  RIIO -2 licence. The network 

companiesô NARM Methodologies should facilitate the achievement of the objectives. However, 

the NARM Methodologies may not be the only tool needed to achieve the NARM Objectives. The 

network companies should be continually stri ving to better achieve the NARM Objectives.  

Part B of SpC 9.2 sets out eight NARM Objectives (a to h). These objectives are summarised as 

follows:  

a)  To allow Ofgem and other stakeholders to understand the links between the data that a 

network company collects and utilises and the asset management and investment 

decisions it makes. The NARM Methodology will therefore help provide assurance that any 

inve stment decisions are based on solid evidence and sound reasoning.  

b)  To enable Ofgem to set outputs for the network company to deliver over a price control 

period and to ensure that what the network company actually delivers can be compared 

to the targets on a like - for - like basis.  

c)  To enable the network company to estimate the Monetised Risk of its network assets both 

now and in the future.  

d)  To enable the network company to estimate the Monetised Risk Benefit that would be 

delivered by different types of interventions on any given asset or group of assets. The 

objective is to be able to estimate both single -year snapshot risk benefit and long - term 

risk benefit . 

e)  The estimated Monetised Risk Benefits should be suitable for use as inputs in Cost Benefit 

Analyses (CBA) in order to help network companies choose the best value for money 

investments, and to demonstrate to Ofgem, consumers, and other stakeholders that an y 

investment plans have been optimised. This means that the Monetised Risk Benefits should 

be realistic with robust probability estimates and correctly valued consequences.  

f)  To enable the identification and quantification of drivers of changes in Monetised Risk over 

time.  

g)  To allow Monetised Risk comparisons to be made between different assets and different 

networks. In order for this objective to be achieved, the methodologies used for estimating 

Monetised Risk should be based as little as possible on subjectivity.  

h)  To enable the network company to report to Ofgem and other stakeholders in a way that 

can be easily understood and unambiguously interpreted.  

2.  Methodology  Overview  

This section lays out the methodology principles and provides an overview on :  

¶ Principles  (of the NARM methodology)  

¶ Asset Base  (how the baseline for each Asset Groups is defined)  

¶ Grouping of Assets (how groupings are defined for reporting and planning)  

¶ Probability of Failure  (Defining the PoF for assets)  

¶ Consequence of Failure  (defining the CoF for assets)  

¶ Financial Cost of Failure  (defining the financial cost of failure for assets)  
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The key principles which have  been adopted  to facilitate the assessment of the health, criticality 

and risk of assets  are :  

¶ Asset Health  can be equated to the probability that the asset fails to fulfil its intended 

purpose and thus gives rise to consequences for the network.  

¶ The consequences (and therefore Criticality) can be assessed in monetary terms  

¶ The risk is determined from the product of the number of failure s and the consequence of 

th ose failure s 

BS EN ISO 31010  [1] , Risk Assessment Techniques, describes methods of assessing risk, including 

quantitative methods, one of which is Event Tree Analysis  (ETA) . ETA is a graphical technique for 

representing the mutually exclusive sequences of events following an initiating event (an asset 

failure) according to the various events that may mitigate/influence its consequences . These 

techniques have been followed in the development of the standard Event Trees used by this 

methodology.  

This technique has been adopted due to its ability to translate probabilities of different initiating 

events into possible outcomes. The key benefits of this technique , as stated in  BS EN 31010 [1] ,  

are :  

¶ that f ailure consequences are displayed in a diagrammatic way  

¶ that it a ccounts for dependencies (problematic to model s in other techniques)  

¶ that it p rovides a quantitative output with relatively low uncertainty  

¶ that the resource and capability  requirements are manageable  

The core principle is that Risk is the product of Probability of Failure (PoF) of an asset and the 

Consequence (PoC) that such failure could lead to,  and the cost (monetised value)  associated 

with those Consequences.  

The combination of these factors derives an annual Monetised Risk  (Figure 1 ï Broad Monetised 

Risk Process ) . 

Asset Risk Value = PoF (Asset) x PoC x Cost of Consequence  

Where the :  

Cost of Consequence = Consequence Quantit y (units) x Unit monetary value  
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Figure 1  ï Broad Monetised Risk Process  

The Asset Risk Value calculation can be utilised to quantify the network risk reduction following 

Intervention by comparing it to a base - line value (without - Intervention) . As a result of 

Intervention,  the PoF is reduced  or maintained  in line with the type of investment activity whilst 

PoC will generally remain unchanged, with the exception of system or network design alterations. 

This will in turn result in a reduction in the Asset Risk Value enabling the comparison of 

with/without In tervention scenarios in  the form of NARM as defined in special licence condition 

9.2 .  

Each Event Tree that is developed will follow a similar structure to provide consistency of 

approach.  

For each  class of primary assets  an Event T ree has been produced which models each known  

Failure Mode  that the Asset Group could experience . This determines which of the c onsequence 

measures would be impacted by a failure of that nature. The link is made through the Event Tree 

showing the o utcomes that can occur and the p robability of each outcome .  

Each Asset Groupôs Event Tree is published in their respective sections within the appendices. All 

Event Trees are common across the GDNs and any changes to the Event Trees are subject to the 

joint governance process as per 6 Governance . 

 

Event Tree Analysis will be built from asset data, taken from GDN -specific asset repositories. This 

will form the basis for the next steps in calculating the Health and Risk Value, therefore facilitating 

consistent outputs when comparing different Asset Gr oups and planning investments.  

To facilitate consistent implementation and utilisation across all GDNs, asset data will be aligned 

to the required structure, including attributes and data formats, prior to populating the models.  

The required asset attributes are determined during the development of the Event Trees and 

detailed within the Data Reference Library.  

 

How individual assets are combined and grouped for both investment planning and reporting 

applications is very important within the NARM methodology.  

The NARM methodology breaks the complete network assets into groups for analysis, risk 

calculation and reporting. At the highest level they are split into a suite of Asset Groups. These 

high - level  groups are then split into sub -groups where the nature, importance and relevance of 

this lower level information is considered . These groups and sub -groups are common across all 

networks and have been agreed with Ofgem to form the basis of regulatory reporting of asset 

health, critically and risk. Further details of these groups are given in section 5  (Regulatory 

Reporting ) .  

As outlined in section 2.1  ( Principles ) , this methodology will develop methods by which the risk 

associated with an asset will be determined by identifying the PoF, CoF and associated cost for 

assets. In a number of cases these values will be determined for each asset. However,  for a large 

number of assets these values will be determined for a collection of assets which all have the 

same characteristics and hence the same attribute values of PoF, CoF and Cost of Failure . The 

collection of assets for this purpose is called an Asset Cohort.  
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Asset Groups  

An Asset Group is a  collection or class of assets, defined as the primary assets utilised in Event 

Tree Analysis (e.g. Distribution Mains)  

Asset Sub - group  

An Asset Sub -group is a sub -division of the above  e 

Asset Cohort  

An Asset Cohort is a grouping of individual assets which can be assessed  together meaningfully 

for  intervention/investment planning and reporting purposes. Asset Cohorts must be defined 

appropriately and at a sufficient detail to be able to describe differences in Health and Risk, before 

and after investment  

Asset Cohort groupings will be formed with regard to;  

¶ the level of asset data which is available  

¶ planning and assessing investment interventions  

¶ Required level of detail for assessing and reporting Asset Health, both pre -  and post -

interventions  

To facilitate the consistent reporting of Asset Health and Risk, a minimum set of Asset Cohorts 

must be agreed between GDNs for each Asset Group. These agreed Cohorts will represent the 

factors that most accurately reflect the Health of the asset. Example Cohort attributes which have 

been modelled to represent statistical differe nces in Health for Distribution Mains include:  

¶ Material  

¶ Pressure  

¶ Diameter Band  

These attributes will be used to define Cohorts which can be used for pre - and post - intervention 

Health and Risk assessments However, Cohorts can also be defined flexibly according to specific 

GDN requirements to support higher level asset reporting or for  more detailed targeting of specific 

assets for investment. The methodology will ensure that any such variations do not materially 

impact the comparable risk assessment which is carried out.  

It is likely that intervention plans cause assets to move from one Cohort to another during the 

period to reflect the way in which the intervention has impacted PoF, CoF or Cost.  

It is also likely that during the period of operation of this methodology reasons emerge which 

requires assets to be moved from one Cohort to another or to split Cohorts. The methodology has 

a process in place to ensure a consistent risk assessment is trac ked as a result of any such 

movements.  

Asset Stratification  

Asset Stratification is a grouping of asset attributes that statistically define the asset in terms of 

(for example) current o r future performance/risk ( e.g.,  Ductile Iron pipes installed in 1970ôs in 

Yorkshire) . Asset stratification assessment and modelling is required to identify which asset 

attributes contribute significantly to Health assessments prior to intervention planning.  

In order to determine the appropriate characteristics of PoF, CoF and Cost statistical analysis will 

be carried out using data available for different asset types. Such analysis is very likely to cut 
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across Cohort groups. This will not change the definition of the Cohort group but  may feed 

attribute information for more than one Cohort Group.  

Figure 2 -  Asset Cohort/Stratification  shows an example of stratification to gather information 

which is relevant to the material type of an iron pipe. The example shows the Cohort Groups 

which have been adopted. In this example Tier 1 mains have been selected as a Cohort together 

with Iron Ma ins between 9ò and 12ò. However,  a specific intervention plan for 9ò ductile Iron pipes 

has meant a specific  Cohort for these assets.  

 

Figure 2  -  Asset Cohort/Stratification  

The relationships between Asset Groups, Sub -groups, Cohorts and Stratifications are summarised 

below  in Figure 3 . 

 

Figure 3  -  Grouping of Assets Summary  

Cohort Definition  

An example of a Mains Cohort previously used for RIIO GD1 planning is Tier 1, Ductile Iron mains 

(where Tier is a combination of diameter and assessed risk). This can be refined to include a 

geographic context if supported by the underlying data ( e.g.,  Distribution Zone).  

An example Mains Cohort to be used for Health reporting could be Cast Iron Mains, in MP 

networks, in Diameter Band B, which were installed in the  1960ôs, defined as the explanatory 

factors making up the Cohort have been proven to show contribute to the observed (and 

statistically proven) differences in PoF within the Asset Group.  
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Asset failure is defined here to be ñany operation or function which the asset fails to correctly 

perform which gives rise to consequencesò. The failures are categorised into Failure Modes.  

The probability of asset failure can be calculated  to estimate the expected number of consequence 

events in any given time period , and the deterioration of this curve over time .    

A ófailure rateô will be used to calculate the Probability of F ailure . The failure rate gives the rate 

of occurrence (frequency) of failures at a given point in time and may also include an age/time 

variable, known as asset deterioration, which estimates how this rate changes over time . The 

failure rate can be approximated by fitting various parametric models to observed data to predict 

failures now and in the future .  

The NARM methodology is designed to accommodate a wide range of different gas transmission 

and distribution asset types. In order to decide on the best modelling approach to be adopted it 

is important to agree upon the failure rate model to be adopted for each Failure Mode  as part of 

the risk model development process. One such example is to categorise non - repairable and 

repairable failures:  

¶ Non - repairable failures  ï failures result in the asset being replaced and returned to ñas 

good as newò. For example, Steel service failures result in a full asset replacement. Where 

data is not available the parameters of these models will be estimated using Expert 

Elicitation . 

¶ Repairable failures  ï for assets, which are repaired and generally returned to ñas bad 

as oldò. For example, over -pressurisations resulting from a regulator failure can generally 

be resolved through a maintenance process, rather than full asset replacement. The 

frequency of failures is estimated using counting process regression models. Where data  

is not available the parameters of these models will be estimated using Expert Elicitation . 

Each Failure Mode is used as a specific component within an Asset Groupôs Event Tree. The 

Probability of Failure value for each Failure Mode is independent and is determine d through 

analysis of Asset Failure data or Expert Elicitation  where necessary.  

The PoF value will be dynamic (whereas PoC will largely remain static) therefore the Asset Risk 

Values, in terms of current and future with/without - Investment scenarios, are highly sensitive to 

the PoF value within the Failure Mode function.  

Further detail on how the PoF values and the deterioration rates are derived is explained within 

Section 4.3.1 . 

 

Consequence analysis determines the nature and type of impact which could occur assuming that 

a particular event (i.e.  caused by  Asset Failure) has occurred. When an asset fails, there will be 

an associated impact resulting from that failure (referred to as an event).  

An event may have a range of impacts of different magnitudes and  affect a range of different 

network assets  and different stakeholders. For example, there could be a loss of supply to 

customers, or an injury, resulting from a failure. Such impacts are referred to as Consequences 

of Failure. The types of consequence to be analysed and the stakeholders affected will be 

considered during the development of the Event Trees.  
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Classified as Internal  

Each identified event (Consequence of Failure) is used as a specific component within an Asset 

Groupôs Event Tree. The Probability of Consequence (PoC) value for each Consequence of Failure 

event is independent and is determined through  consequence analysis techniques  such as:  

¶ Statistical a nalysis of associated failure data  

¶ HAZOP techniques (Risk assessment)  

¶ Historic incident data  

¶ GIS (Geographic Information System) analysis  

¶ Network modelling analysis  

 

Each Consequence of Failure event may  have an associated financial cost  (Cost of Consequence) , 

based upon the type and scale of impact, representing a monetary risk value. These values are 

categorised into the following 3 areas:  

¶ Private Risk (Reliability)  

¶ Public Risk (Health & Safety)  

¶ Public Risk (Environmental)  

The financial Cost of Consequence  value for each Consequence of Failure event  is independent 

and is determined through analysis of financial  models  or Expert Elicitation . 

 

The overall asset Monetised Risk value is using the PoF, PoC , volumetric (quantity) data and 

monetary value for each Failure Mode  in each Event Tree. These are then aggregated to form the 

overall Monetised Risk v alue for the Event Tree.  

 

This section seeks to explain the approach taken to asset interdependence in monetising risk. The 

detail of the modelling can be found in the respective appendices for each asset group.  

During development of the N ARMôs models, interdependency was outlined as a key consideration. 

This is the impact that a primary or secondary asset may have in relation to the Probability of 

Failure (PoF), or Consequence of Failure (CoF) on assets in the same or different primary or 

secondary asset groups. This section of this document explains these interdependencies and how 

they have been accounted for in the modelling process.  

The asset groups modelled for monetised risk generally form part of integrated gas supply 

network and therefore asset interdependence needs to be considered. For the purposes of 

monetised risk modelling, we have reviewed asset interdependence in the following  categories:  

¶ Asset downstream of other assets who would fail to supply gas if the upstream asset failed 

to supply gas  

¶ Assets that influence supply loss volumes when another asset in the same supply network 

fail  

¶ Assets with the potential to have their integrity breached due to other assets failing to 

operate as expected  

¶ Assets on a single site that interact with other assets on that site.  

Details of each are described in the sections below.  
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Classified as Internal  

2.8.1  Assets downstream of other assets who would fail to supply gas if the 

upstream asset failed to supply gas  

The UK gas distribution network is linear in nature. Gas enters the distribution network via the 

National Transmission System (NTS) before being incrementally reduced in pressure to serve 

industrial or domestic supplies. Below is a diagram to illustrate th is:  

 

As gas flows through the network, each downstream asset requires the upstream assets in the 

same supply network to provide gas at sufficient volume and pressure for them to operate and 

maintain security of supply. In this case it is not necessary to unders tand every asset downstream 

of the failing asset, but it is important to understand the consumers downstream of the failing 

asset. The GDNs have determined the number and type of consumers downstream of every asset 

in the monetised risk portfolio. Therefor e,  supply losses can be calculated if any asset in the 

network fails to supply gas at sufficient flow and pressure to its downstream assets. To monitor 

the impact of such failures, GDNs use network analysis to determine the number and type of 

consumers impacted.  

2.8.2  Assets that influence supply loss volumes when another asset in the same 

supply network fail  

Evaluating the interdependencies of the assets at the start of the distribution system is relatively 

simple, but in Lower Pressure networks there is much greater dependency on additional assets. 

In some cases when an asset fails to supply, other assets can support the network or can also 

fail to supply themselves due to the increased load caused by the original asset failing (e.g.  there 

are often multiple governors feeding a low pressure network, if one fails, others can support the 

network to prevent failu re of downstream assets).  
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Classified as Internal  

Network analysis is a tool utilised to ensure the consequence of these asset failures reflect the 

reality of supply interruptions.  The GDNs have dealt with this in the following ways  

¶ LTS Pipelines ï there is a factor in the model to reduce supply loss volumes when there 

are parallel Pipelines that would help continuity of supply in the event of one asset failing 

to supply  

¶ Offtakes & PRIs ï customer loss calculations take account of supply networks with 2 or 

more feeds into that network and the impact of the multiple feeds if one fails  

¶ Governors ï customer loss calculations take account of supply networks with 2 or more 

feeds into that network and the impact of the multiple feeds if one fails  

¶ Mains ï no impact modelled as supply loss from a main is modelled to be the customers 

fed from that main  

¶ Services ï no impact  

¶ Risers ï no impact  

2.8.3  Assets with the potential to have their integrity breached due to other 

assets failing to operate as expected  

The table below summarises this by asset group. The asset group considered in the leftmost 

column, and the further columns highlight the impact on other assets. This does not include the 

failure of upstream assets as described previously.  
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There are some assets whose integrity could be directly impacted by the failure of another asset 

to operate normally. The GDNs have dealt with this in the following ways  
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Classified as Internal  

¶ LTS Pipelines ï the model has factors for the health of Cathodic Protection (CP) Systems 

and protective sleeves. These factors impact on the probability of corrosion failure of a 

pipe  

¶ Offtakes & PRIs ï the model simulates an over -pressurisation incident by considering the 

impact on integrity of the downstream pipe network if the Offtakes/PRIs failed to regulate 

pressure. The model also simulates a preheater failing and the potential for  the 

downstream pipe network to fail due to freezing. In both scenarios the simulation considers 

the impact of gas escaping from the downstream pipe network . It includes an assessment 

by spatial query, of properties in vicinity of the PRI and the likelihoo d of failures resulting 

in Gas tracking into building and causing explosion.  

¶ Governors ï the model simulates an over -pressurisation incident by considering the impact 

on integrity of the downstream pipe network if the Governor failed to regulate pressure. 

The simulation considers the impact of gas escaping from the downstream pipe network  

It includes an assessment by spatial query, of properties in vicinity of the PRI and the 

likelihood of failures resulting in Gas tracking into building and causing explosion.  

¶ Mains ï no impact  

¶ Services ï no impact  

¶ Risers ï no impact  

2.8.4  Assets on a single site that interact with other assets on that site  

Some sites have multiple assets and subsystems where failure of one asset can impact on 

performance of other assets on that site. The GDNs have considered this but have also made sure 

not to overcomplicate modelling where multiple assets on the same site h ave negligible impact 

on each other  

¶ LTS Pipelines ï no impact  

¶ Offtakes & PRIs ï There are many subsystems on some of these sites so to avoid over 

complicating the modelling the GDNs  have split the model into 3 asset groups due to the 

negligible impact of their performance on each other ï Odorisation  & Metering, Filters & 

Regulators, Preheating  

¶ Governors ï no impact  

¶ Mains ï no impact  

¶ Services ï no impact  

¶ Risers ï no impact  

2.8.5  Assets with cost of intervention interdependencies  

Mains have no interdependencies on PoF and CoF of other assets other than described above. 

They do however have an impact on costs of services and costs of risers. Mains and services and 

mains and risers are often replaced together so the costs used in NAR Môs modelling reflect this. 

Services have no interdependencies on PoF and CoF of other assets. They do however have an 

impact on costs of Mains. Mains and services are often replaced together so the costs used in 

NARMôs modelling reflect this. 

Risers have no interdependencies on PoF and CoF of other assets. They do however have an 

impact on costs of Mains. Mains and risers are often replaced together so the costs used in NARMôs 

modelling reflect this.  
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Classified as Internal  

 

NARM is data intensive, using data relating to :  

¶ Assets,  

¶ Faults and failures,  

¶ Consequence  

¶ Likelihood of that consequence and  

¶ Cost/value of consequence.  

GDNs are focused on the impact of any inaccurate or incomplete reporting, or any misreporting, 

of information to the Authority. As such, GDNs have data governance processes in place to ensure 

data quality.  

To ensure compliance with the NARM licence condition, each GDN carries out risk assessments to 

understand the implications of reporting inaccurate, inconsistent,  or incomplete data. These 

assessments consider both the likelihood of data errors and the impact of those errors. Where 

improvements can be made to data systems or processes, actions are planned to undertake these  

to reduce the potential for inaccuracies in the submissions ò 

In providing data, the GDNs have each developed work instructions for each table to be submitted. 

Data concerning the asset inventory, condition scoring,  and criticality information is specific to 

each GDN. As such, these work instructions are specific to each GDN and reflect the systems and 

data repositories used by each network.  

Data improvement plans are held by each licensee. These detail the data supporting the NARM 

assessment, quality of that data and any plans in place to improve the data. Progress is reported 

annually through the RRP process.  
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3.  Event Tree  Development  

 

This section explains the key principles of the NARM methodology. The process for undertaking 

asset risk analysis and reporting consists of the following steps:  

¶ Define approach. This includes:  

o Agree Asset Groups and Asset S ub -groups to be modelled  

o Agree appropriate level of detail to be analysed (between sub -group population 

level and individual assets)  

¶ Determine  Failure Modes ;  

¶ Determine Asset Configuration  (i.e. how sub -components of each asset may contribute to 

the overall PoF or PoC for an individual asset; for example,  slam -shut valves within a 

Governor stream);  

¶ Determine Consequence Measures and their  relationship with both Failure Mode and asset 

configuration ;  

This is summarised in Figure 4 below:  

 

Figure 4  -  Event Tree Development Flow Chart  

Each Event Tree follow s a similar structure to provide consistency of approach.  

For each Asset Group an Event Tree  is produced which models each known Failure Mode  that the 

Asset Group could experience . This determines which of the Consequence measures would be 

impacted by a failure of that nature. The link is made through the Event Tree  showing the 

outcomes that can occur and the Probability of each outcome .  
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3.2.1  Determine  Asset Groups  

A common suite of Asset Groups to be used as a basis for risk assessment and reporting  has been 

developed and agreed between all GDNs . These are defined based upon the key operational 

components within the gas supply system.  

The Asset Groups are  consolidated within the Event Tree analysis by assessing which assets:  

¶ Provide a similar function/purpose;  

¶ Have similar Failure Mode s;  

¶ Have a similar Probability of Consequences (PoC); and  

¶ Have  a material effect on the investment plans being proposed.  

For example, District, Industrial/Commercial and Service Governors will be considered within the 

same analysis but  separated out for reporting purposes. There are 6 primary Asset Group s, for 

which Event Trees will be developed,  as per Table 1  below . 8 Risk Maps will be developed for the 

primary asset types, with Offtakes and PRS having 3 separate risk maps for Odorant and Metering, 

Pre-heating and Filters and Pressure Control.  

Primary Assets for Event 

Tree Analysis  

Risk Map Level  Secondary Asset  

A -  Mains  Asset Level  Iron  

PE 

Steel  

Other  

B -  Services  Asset Level  Asset level  

C-  Governors  Asset Level  District  

I&C  

Service  

D ï LTS Pipelines  Asset Level  Piggable  

Non -Piggable  

E ï Offtakes & PRS  Odorant & Metering  Offtake Metering System  

Offtake Odorisation System  

Pre-heating  Offtake Preheating  

PRS Pre-Heating  

Filters and Pressure Control  Offtake Filters  

Slam Shut & Regulators  
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PRS Filters  

PRS Slam Shut & Regulators  

F -  Risers  Asset Level  Asset Level  

Table 1  -  Primary Asset Groups  

Secondary assets, such as electrical, instrumentation  and civils  (housing/fencing) , are considered 

and included within primary Event Trees where there is a quantifiable effect on the risk value of 

the primary asset.  

Asset -specific details related to Event Tree structure are  included within the Appendices to this 

document  where applicable .  

Event Trees may be consolidated  in future  where there is a benefit to do so and the intervention 

planning and Heath/Risk reporting requirements are not compromised. SRWG will, in line with 

Licence Condition 9.2 , keep the NARM Methodology under review  

3.2.2  Develop Risk  Map  

A key part of the design phase is to determine the optimum level of detail required for each Asset 

Group . It is recognised that GDNs hold data at different levels of detail, but a consistent level of 

detail required for each Asset Group  will be agreed by the SRWG. In principle, analysis will be 

built up from asset - level data, where available, but the detail of reporting and analysis 

will  be at an aggregated or population level . 

Options for the level of detail of analysis include:  

¶ Asset group, or population level  

¶ Asset sub -group or cohort (e.g. assets sharing a PoF and PoC, but with a different 

magnitude of consequence . An example of this is downstream service outage due to 

Governor failure)  

¶ Individual assets (e.g. pipe level analysis, such as carried out in MRPS).  

The risk maps were  developed using the following generic process. This was  undertaken through 

a series of facilitated workshops, supported by meetings with asset or financial experts  

¶ Identify specific Asset Group or financial experts to build and validate model  

¶ Collect failure data (including explanatory factors, where available)  

¶ Collect internal cost data (repair, maintenance, refurbishment, replacement)  

¶ Collect external cost data (e.g. cost of carbon, value of a life)  

¶ Brainstorm potential Failure Mode s for each Asset Group  

¶ Brainstorm potential consequences arising from failure  

¶ Develop risk map by linking asset to failure to consequence to cost (of failure and response  

to failure)  

¶ Assign PoF (current and deterioration) to Failure Mode s 

¶ Quantify consequences (impact of failure on costs, service, safety, environment etc.)  

¶ Value consequence (cost of failure and remediation, environmental cost etc.)  
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¶ Undertake monetised risk analysis for each Failure Mode ; compare against company 

expected values and iterate as required  

¶ Sum monetised risk for each Failure Mode  to obtain baseline monetised risk profile for 

each Failure Mode  over the life of the asset  

¶ Identify interventions (options to reduce monetised risk)  

¶ Revise risk map (if required) to enable modelling of identified inter ventions  

¶ Apply interventions to baseline model to test impact on monetised risk  

¶ Use the difference between baseline and with - intervention monetised risk profile to 

determine the benefit  of  each intervention  

¶ Ready the model  for reporting or investment targeting applications  

¶ Generate Asset Health and Risk Reports  

Data sources to populate the risk map are  classified as follows:  

¶ Company -specific data (including analysed data) from a known and reliable source.  

¶ Pooled data (using best available source across all participating companies, with 

appropriate extrapolation to individual companies)  

¶ Previous studies, industry -standard or default values. Data obtained from relevant 

industry studies or published data sets (e.g. cost of carbon; value of a life; data from RRP 

tables)  

¶ No data source exists. Data is estimated or expert judgement used or derived through 

elicitation processes  

¶ The data source chosen to populate each node on the Event Tree  can be  classified into 

Options A, B or C as detailed further in Section 4  below.  

 

Figure 5  -  Example Final Risk Tree  
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A detailed walk - through of the monetised risk modelling process for a single cohort (Tier 

1 Ductile Iron Pipes in the North -East area of Northern Gas Networks (hereafter referred 

to as DI/NO/1) -  is provided throughout the document. The process will be identical for 

the remaining cohorts within the Distribution Mains risk model.  

Risk models for other Asset Groups will vary (as they have different Failure Mode s and 

consequences) but the process to deliver overall monetised risk assessments for the cohort will 

be identical. As such detailed walk - throughs should be unnecessary as and when these models 

are delivered.  Details of any material differences are documented in the Appendices.  

The base year length of the DI/NO/1 cohort is 1,096 kilometres. The total base year monetised 

risk value is £1,721,370. The overall levels of monetised risk for the DI/NO/1 cohort, broken 

down by individual monetised risk elements, are illustrated in Figure 6.  

Clearly the largest monetised risk elements are associated with the values of carbon emissions 

(F_Carbon) and joint repairs (F_Joint). The following worked example will focus on the path taken 

through the risk model, from Failure Mode s to economic analysis and risk trading.  

 

Figure 6  -  Base year monetised risk values for the DI/NO/1 Cohort  

 

 

3.4.1  Identify Failure  Mode s for Each Asset Group  

The first step is to identify all the potential ways an asset could fail, known as Failure 

Mode s. These modes will be grouped together ,  where similar. Each Failure Mode  will 

also be defined as either repairable or non - repairable and assigned a PoF model.  
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Failure Modes are defined as a specific deviation in the performance of the asset which will give 

rise to a Consequence (cost, service, safety,  or environment). Clearly, Failure Modes are highly 

asset specific. It is essential that all modes of failure that are likely to generate a significant 

consequence are identified up front. If appropriate failure data is not available and the failure and 

consequences are judged to be significant, then gaps can be filled through expert judgement, 

through structured eli citation exercises and/or data collection plans developed.  

All PoF values and deterioration rates are applied against individual Failure Modes within the Event 

Tree analysis.  

Asset Interventions  are identified  to address specific modes of asset failure as thus reduce further 

risk (although ñnegativeò interventions can also be applied which increase future risk, such as 

undertaking less proactive maintenance) . Understanding  the  available intervention options  at this 

stage  in Event Tree development  provides a useful check that all significant failure modes have 

been considered.  

Some example Failure Modes  for different asset types are listed  below:  

Asset  Failure 

Mode  

Failure 

Type  

Gas Pre 

Heating  

Low 

temperature 

failure  

Repairable  

Distribution 

Mains  

Joint failure  Repairable  

Domestic 

Service  

Corrosion 

failure  

Non -

repairable  

District 

Governor  

Interference 

failure  

Repairable  

Table 2  -  Example of identified  Failure Modes & type  

3.4.2  Identify Asset Configuration  for Each Asset Group  

The Asset Configuration will be considered  to include the effect of any system reliability 

and related redundancy that may exist. There are two main configurations, parallel and 

series.  

Note:  the PoF values in the equations below relate to the true Probability of Failure ( i.e.,  the 

number of failure events per year divided by the size of the asset population. Units are 

percentages), not  the failure/hazard rate (the number of failure events occurring on the asset 

population over the year. Units are Events per asset per year).  

When an asset is operating in parallel  an asset will consist of two (or more) components that 

need only one of them in functional state to operate. If one component fails,  then the asset will 

continue to operate unless all components fail at the same time . A simple parallel system can be 

approximated as the multiplication of all the component fail ure rates, thereby reducing the overall 

asset PoF.  

POF (Asset in parallel) = POF  (component 1) * POF(component 2)  

When an asset is operating in series  an asset will consist of two (or more) components that 

needs all of them in a functional state to operate. A simple asset in series can be approximated 
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as the addition of all the component failure rates, thereby increasing the overall asset Probability 

of Failure .  

POF (Asset in series) = POF  (component 1) + POF  (component 2)  

These equations can be modified as required to represent obsolescence and common Failure 

Mode s. 

3.4.3  Worked Example  ï Failure Modes  

The Failure Mode s to be examined in the worked example for the DI/NO/1 cohort are listed 

below along with their associated initial (Year 0) probabilities of failure. The PoFs are 

discussed further in the next section.  

The Failure Mode s to be tracked through this worked example are Joint and General Emissions as 

these Failure Mode s contribute most significantly to the overall monetised risk value for the 

cohort. The remaining Failure Mode  monetised risk values are generally calculated in similar ways 

to either Joint or General Emissions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7  -  Worked Example -  DI/NO/1 Cohort Failure Modes and Year 

0 PoF  
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One of the key concepts of the NARM methodology is that for each failure there may be a 

Consequence of Failure which can be valued in monetary terms. Clearly, for an accurate 

assessment of Monetised Risk it is essential that all Consequences of Failure are captured and 

linked back to the ass et failures that give rise to these consequences. The risk mapping process 

is designed to capture these links between asset failure and consequence, and there can be 

complex relationships between Failure Mode s and consequences which may not otherwise be 

captured without a structured risk mapping process.  

3.5.1  Define list of Consequence  Measures  

A common suite of Consequence measures will be developed and agreed between all 

GDNs. These will be defined using the observed consequences that typically result from 

failure of gas distribution assets.  

The Consequence measure can be defined in the following categories:  

¶ Financial risk  ï Those that lead to a direct financial cost to the business for remedial work to the 

assets, such as repair  

¶ Private or company risk  ï Those associated with the cost of dealing with the failure such as the 

cost of lost gas, the requirements to undertaken network inspections, the cost of restoring supplies; 

or  

¶ Public risk  ï Those indirect environmental and societal costs associated with health and safety, 

traffic disruption etc.  

Table 3 below provides examples of typical Consequence measures that could be considered as 

part of Event Tree development for each Asset Group  (t his list should not be considered 

exhaustive ) .  
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Primary 

Consequence 

Measure  

Secondary Consequence measure  Metric  

1  Public Risk  (HSE, 

Environmental)  

 

1 Death / Major Injury  No. of people impacted  

2 Minor Injury  No. of people impacted  

3 Burns  No. of people impacted  

4 Property damage  No. of properties impacted  

5 Traffic disruption  Duration of disruption 

(Hrs.)  

6 Pollution  No. of incidents  

7 Carbon emissions  Tonnes  

2  Financial Risk  

 

8 Repairs  No.  

3  Private Risk  

(Customers, 

Monetised Risk)  

  

9 Loss of gas  m 3 

10  Network integrity inspections  No. of properties/premises  

11  Restoration of supply  No. of properties/premises  

12  Third party damage  No. of events  

13  Crop damage  No. of events  

14  Prosecution  £ 

15  Supply Losses -  Domestic  No. of properties  

16  Supply Losses ï Commercial -  Small  No. of premises  

17  Supply Losses ï Commercial -  Large  No. of premises  

18  Supply Losses -  Critical  No. of critical customers  

Table 3  -  Primary and secondary consequence measures  

The link is made through the Event Tree  showing the outcomes that can occur and the Probability 

of each outcome .  

 

Once the Failure Modes and Consequence measures are identified and linked together, including 

types of Cost of Consequence, a final risk map is established that will enable the tracking of 

consequences and costs for each Failure Mode  through each branch of the Event Tree. This 

enables the  impact of intervention, which  address es the probability of an asset failing, to  be 

tracked through the associated consequences and costs.  

Each final Event Tree will be common across all of the GDNs and any proposed modifications, 

such as additional Failure Mode s or the inclusion of additional secondary assets, will be subject to 

the governance process as per Section 6.  
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Figure 8 below,  illustrates the broad sections of an Event Tree , from the Asset Base data to the 

Monetised Risk data (in line with the diagram in section 2.1 ).  

 

Figure 8  -  Example Event Tree Sections  

Table  4 below expands on those sections further, providing a description of each section, 

examples of the types of data used . Table 4 is colour coded for each node of the event tree. 

Subsequent risk maps within this methodology and the appendices reflect this colour coding to 

indicate which values are associated with each node.  

 Description  Examples  

Asset Base  
Asset data and attributes from 

company asset repositories  

List of individual distribution 

mains including diameter, 

material and location  

Probability of 

Failure (per Failure 

Mode)  

Applicable Failure Modes per 

asset class, each with calculated 

Probability of Failures per 

annum (value >=0)  

Corrosion failure, capacity 

constraint, interference damage  

Probability of 

Consequence  

Applicable outcomes resulting 

from a failure, each with a 

calculated probability of 

consequence (value from 0 to 1)  

Loss of gas, gas escape, supply 

interruption, explosion  

Environmental 

Consequence  

Environmental outcomes 

resulting from a failure, each 

with a calculated volume (value 

>=0)  

Carbon Loss of Gas, Embodied 

Carbon  

Health & Safety 

Consequence  

Health & Safety outcomes 

resulting from a failure, each 

with a calculated quantity 

(value >=0)  

No of Deaths, No of Injuries, No 

of Buildings Damaged  
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Customer 

Consequence  

Customer outcomes resulting 

from a failure, each with a 

calculated quantity (value >=0)  

No of domestic properties 

effected, No of critical 

properties effected 

(hospitals/schools)  

Monetised Risk 

Value  

Applicable costs associated with 

consequences, failure resolution 

and asset management (value 

in £)  

Repair costs, restoration of 

supplies, cost of complaints  

Table 4  -  Event Tree Section Detail  

 

3.7.1  Overview  

Each of the nodes within an Event Tree represents a data point. Various elements will contain 

GDN-specific values (such as PoF values and Consequence outcomes) and others will contain 

common (global) values (see section 6.2 below).  

Data Reference Libraries (DRLs) will be developed for each of the event - trees to ensure the data 

values or the methods for deriving the data values are consistently applied. The Data Reference 

Libraries will be in a table format  and contain information such as  the Event Tree node 

name/reference, a description, unit of measure  and the value used , including source or calculation 

(Global values only, where Global values are data items shared across different Asset Group Event 

Trees, or are common across all GD Ns).  

A broad sensitivity category is defined for global values where applicable, shown as low (L), 

medium (M) or high (H) sensitivity. Changes in the value of a node with low sensitivity may have 

a minor impact on the overall Health or Risk value. Similarly changes in the value of a node with 

High sensitivity may have a major impact on the overa ll Health or Risk values.  

Asset -specific DRLs, are included within the Appendices, contain detail on the data applied to each 

Event Tree node as per the assessment detailed in Section 4.1.  

All prices detailed throughout this document are in 2014/15 prices. These have been uplifted to 

2018/19 prices for RIIO -GD2 planning purposes.  

Any changes to the data values or the methods for deriving the data values will be subject to the 

governance process as per section 6. Node values defined as High sensitivity can be subject to 

the modification process at any time.  

3.7.2  Global Values   

Global Values are those values that are applied across all Asset Groups and Event Trees and can 

be either be GDN specific or common to all GDNs. Global values used within all risk models are 

listed below. All Global values will be subject to an annual revi ew and identified changes to values 

and/or data sources agreed with the SRWG. If changes are identified and approved for inclusion, 

any potentially significant changes to individual GDN investment programmes will be identified  

by re - running the relevant ri sk assessment models. Any material differences generated by 

changes to these Global values may trigger discussions with Ofgem prior to incorporation.  
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Node ID / Variable  Description  Value GD2  Notes / Source  

GDN or 

Common 

value  

GD3 Values 

(subject to 

additional 

change)  

Source of 

Uplift  

F_Loss_Of_  Gas 
Cost per m3 of loss of 

gas   
£0.22  

2p/kWh = £0.22/m3 (QUARTERLY ENERGY 

PRICES 2015 DECC)  [(Shrinkage gas 

replacement cost {p/kwh}*kWh to GWh 

conversion)/Natural gas GWh to m3 

conversion)]  

Common   £0.75  CBA Template  

F_Legal_  Penalty  Legal penalty payment   £1M  SRWG estimate based on civil action costs.   Common   £1,374,687.73  Price Base Uplift  

F_Carbon   Cost of carbon   

Formula to model bi - linear 

increase over 

time.  If(Dyear+2015<= 

2030,Dyear+2015 -

1953,7.3587*(2015+Dyear) -

14860)  

0.0020461 tonnes carbon per m3  

Carbon price based on ñValuation of energy 

use and greenhouse gas (GHG) emission -  

Supplementary guidance to the HM 

Treasury Green Book on Appraisal and 

Evaluation in Central Government Sept 14ò 

Box 3.4 Non - traded value of Carbon 

(£/tCo2e)  

Scaling factor for methane to be included 

within volume calculation (see Carbon Loss 

of Gas)  

Common     CBA Template  

F_Restore_Supply  
Compensation cost for 

resoration of supply  
£100      £137.47  Price Base Uplift  

F_Com_large   

Cost of large 

commercial supply 

interruption   

GDN specific or £200 per 

Customer default.  

Compensation cost + visit cost based on 

data from company systems, or (where no 

data available) default cost based on £100 

compensation   payment cost + £100 visit 

cost;   

GDN 

Specific   
£274.94  Price Base Uplift  
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Node ID / Variable  Description  Value GD2  Notes / Source  

GDN or 

Common 

value  

GD3 Values 

(subject to 

additional 

change)  

Source of 

Uplift  

F_Com_small   

Cost of small 

commercial supply 

interruption   

GDN specific or £200 per 

Customer default.  

Compensation cost + visit cost based on 

data from company systems, or (where no 

data available) default cost based on £100 

compensation   payment cost + £100 visit 

cost;   

GDN 

Specific   
£274.94  Price Base Uplift  

F_Complaint or 

F_Complaint SI   
Cost of complaint   

GDN specific or £450 per 

complaint  

ЃComplaint cost based on data from 

company systems, or (where no data 

available) default cost based on £450 

complaint cost;   

GDN 

Specific   
£618.61  Price Base Uplift  

F_Critical   

Cost of critical 

customer supply 

interruption    

GDN specific or £200 per 

Customer default.  

Compensation cost + visit cost based on 

data from company systems, or (where no 

data available) default cost based on £100 

compensation   payment cost + £100 visit 

cost;   

GDN 

Specific   
£274.94  Price Base Uplift  

F_Domestic   

Cost of domestic 

customer supply 

interruption   

GDN specific or £150 per 

Customer default.  

Compensation cost + visit cost based on 

data from company systems, or (where no 

data available) default cost based on £50 

compensation   payment cost + £100 visit 

cost;   

GDN 

Specific   
£206.20  Price Base Uplift  

F_Building_damage  
Cost of building 

damage   

GDN specific based on 

regional cost or default 

£189,000.00  

Based on average regional rebuild cost for 

a property or (where no data available) 

default national cost of £189,000 (source: 

BCIS) 

http://calculator.bcis.co.uk/register/regist

er.aspx    

GDN 

Specific   
£259,815.98  Price Base Uplift  
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Node ID / Variable  Description  Value GD2  Notes / Source  

GDN or 

Common 

value  

GD3 Values 

(subject to 

additional 

change)  

Source of 

Uplift  

F_Minor   Cost of minor injury   £ 185,000.00  

Sum historically agreed   based on legacy 

Business Plan submissions and discussions 

with Ofgem/HSE  ([Cost per Non Fatal/ 

Major injury (£m)]*[safety disproportion 

factor])  

Common   £150,672.43  CBA Template  

F_Death   Cost of death   £16,000,000.00  

Sum historically agreed   based on legacy 

Business Plan submissions and discussions 

with Ofgem/HSE  ([Cost per Fatality 

(£m)]*[safety disproportion factor] )  

Common   £22,401,506.47  CBA Template  

Carbon_  Equivalent   
Scalar value for carbon 

methane uplift   

Carbon equivalent =Ѓ sum 

(GWP x %mass)  

Conversion factor to account for 

Loss_of_Gas is methane, not carbon. Based 

on DECC values weighted for the 

composition of gas supplied into the 

network. GWP Value agreed with SRWG for 

non - ignited gas.   

GDN 

Specific   
  CBA Template  

Carbon_Loss_Of_Gas   

m3 of carbon 

equivalent from loss of 

gas   

1 m3 of carbon equivalent 

from Loss of Gas   Carbon 

Loss of Gas = relative 

density x carbon equivalent.   

 

0.00076*[Carbon equivalent 

per network]  

Value calculated by each GDN based on 

actual gas composition in the network.   

[Methane m3 to tonnes 

conversion]*[Carbon equivalent per 

network]   

GDN 

Specific   

0.00066*[Carbon 

equivalent per 

network]  

CBA Template  

Inflation   
Annual increase in 

financial costs   

RPI. (Discount rate net of 

inflation if costs not inflated. 

Or discount rate to include 

inflation if costs are 

inflated.)  

Data taken from Company systems   
GDN 

Specific   
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Node ID / Variable  Description  Value GD2  Notes / Source  

GDN or 

Common 

value  

GD3 Values 

(subject to 

additional 

change)  

Source of 

Uplift  

Base Price Year   Base Price Year   Current RRP year  Current RRP year   Common   23/24  
Current RRP 

year   

Discount Rate <= 30 

years  

  

3.50%  

  

Common   3.50%  

HMRC Green 

Book (see 

Discount 

Factors 

spreadsheet 

'Standard 

Discount 

Factors' tab  

Discount Rate > 30 

years  

  

3.00%  

  

Common   3.00%  

HMRC Green 

Book (see 

Discount 

Factors 

spreadsheet 

'Standard 

Discount 

Factors' tab  

Discount rate for 

safety <= 30 years  

  

1.50%  

  

Common   1.50%  

HMRC Green 

Book (see 

Discount 

Factors 

spreadsheet 

'Standard 

Discount 

Factors' tab  
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Node ID / Variable  Description  Value GD2  Notes / Source  

GDN or 

Common 

value  

GD3 Values 

(subject to 

additional 

change)  

Source of 

Uplift  

Discount rate for 

safety > 30 years  

  

1.29%  

  

Common   1.29%  

HMRC Green 

Book (see 

Discount 

Factors 

spreadsheet 

'Standard 

Discount 

Factors' tab  

Assumed Asset Life 

(Years)  

  

45  

  

Common   45  

Assumption 

(above) 

consistent with 

Ofgem's RIIO -2 

CBA tool.  

Safety Disproportion 

Factor  

  

10  

  

Common   10  

https://www.of

gem.gov.uk/site

s/default/files/d

ocs/2021/04/dn

o_common_net

work_asset_indi

ces_methodolog

y_v2.1_final_01

-04 -2021.pdf  

Methane GWP  Global Warming 

Potential of Methane 

(tCO2e)  

28  

  

Common   28  

https://ghgprot

ocol.org/sites/d

efault/files/Glob

al-Warming -

Potential -

Values%20%28

https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://www.ofgem.gov.uk/sites/default/files/docs/2021/04/dno_common_network_asset_indices_methodology_v2.1_final_01-04-2021.pdf
https://ghgprotocol.org/sites/default/files/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_0.pdf
https://ghgprotocol.org/sites/default/files/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_0.pdf
https://ghgprotocol.org/sites/default/files/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_0.pdf
https://ghgprotocol.org/sites/default/files/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_0.pdf
https://ghgprotocol.org/sites/default/files/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_0.pdf
https://ghgprotocol.org/sites/default/files/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_0.pdf
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Node ID / Variable  Description  Value GD2  Notes / Source  

GDN or 

Common 

value  

GD3 Values 

(subject to 

additional 

change)  

Source of 

Uplift  

Feb%2016%20

2016%29_0.pdf  

Methane m3 to tonnes 

conversion  
  

 

  

Common   0.00066  

Leakage & 

Shrinkage 

Model  

Natural gas GWh to 

m3 conversion  
  

 

  

Common   90909.1  

Leakage & 

Shrinkage 

Model  

Natural gas CO2 

content -  tonnes per 

GWh   

 

  

Common   4.32  

Leakage & 

Shrinkage 

Model  

Shrinkage gas 

replacement cost 

(p/kwh)    

6.01  

  

Common   6.83  

2023 RRPs  

 

Table 5  -  Global V alues  

-  -  GD3 values are subject to change at the point of updating this  table  

https://ghgprotocol.org/sites/default/files/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_0.pdf
https://ghgprotocol.org/sites/default/files/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_0.pdf
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4.  Event Tree  Utilisation  

 

The process for undertaking asset risk assessment and reporting consists of the following steps:  

¶ Determine the Probability of Failure for each Failure Mode;  

¶ Determine probability that a failure will result in a specific Consequence;  

o quantify the magnitude of each Consequence arising from failure  

¶ Quantify and value the r isk  (the Monetised Risk value) ;  

¶ Identify I ntervention options to mitigate the Monetised Risk ; and  

¶ Evaluate the costs and benefits of intervention to mitigate the identified Monetised R isk.  

This is summarised in Figure 9  below:  

 

Figure 9  -  Event Tree Utilisation Flow Chart  

 

Each derived asset category and associated Event Tree Analysis will be accompanied with details 

of Global V alues applied (see section 3.7.2 ) and a Data Reference Library  (see section 3.7 ). The 

Data Reference Library  will detail the inputs required . Gap analysis of specific GDN data quality 

levels against these data reference libraries will ensure that GDNs work towards having the 

required asset, fault and financial data structure to enable consistent annual reporting of asset 

risk, health and criticality.  

Event Tree analysis  will be undertaken using  asset level data where such data exists in company 

systems however, a number of sub -population and global values may  be used to complete the 
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Event Tree  analysis . It is recognised that the GDNs will have data gaps and will not hold the same 

level of asset data  and  facilitate the population of the Event Trees and Monetised Risk and Health  

outputs, a flexible but consistent methodology (with options) will be utilised to derive the 

Probability of Failure, Deterioration, Probability of Consequence and associated i mpact s of 

Intervention.  

Table 6  below depicts the options available for each element of an event - tree:  

 Option A (GDN Specific 

Data)  

Option B 

(Pooled/Shared)  

Option C 

(Global/Assumed)  

Asset Base  

Complete asset data and 

attributes from asset 

repositories  

N/A  

Known asset numbers, 

gaps in asset data -  

Assumptions or default 

values applied  

Probability of 

Failure (per 

Failure Mode)  

Consistent and complete 

failure data enabling PoF 

and deterioration rate 

calculation  

Robust failure data owned 

by one or more GDN, 

pooling or sharing of data 

agreed to enable PoF and 

deterioration rate 

calculation  

Limited or no failure data 

available. Engineering 

expert 

knowledge /elicitation  used 

to determine PoF based on 

age or condition and 

deterioration based on 

end -of - life assumption  

Probability of 

Consequence 

(per outcome)  

Consistent and complete 

consequence data enabling 

probability of consequence 

calculation  

Industry accepted model or 

robust consequence data 

owned by one or more 

GDN, pooling or sharing of 

data agreed to enable 

consequence calculation  

Limited or no consequence 

data available . Expert 

knowledge /elicitation  or 

published studies/reports 

used to determine 

consequence outcomes  

Environmental 

Consequence  
N/A  N/A  

Expert knowledge or 

published studies/reports 

used to calculate 

environmental 

consequences  

Health & Safety 

Consequence  
N/A  N/A  

Expert knowledge or 

published studies/reports 

used to determine health & 

safety consequences (i.e. 

probability of death)  

Customer 

Consequence  

Consistent and complete 

customer/flow data 

enabling customer 

consequence calculation  

N/A  N/A  

Monetised Risk 

Value  

Consistent and complete 

financial/cost data  
N/A  

Published studies/reports 

used to determine 

financial/cost values (i.e. 

societal and carbon costs)  
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Table 6  -  Data Options  

 

 

The first step  is to define an initial likelihood of failure, or Probability of Failure (PoF) for each 

Failure Mode . This is typically expressed as a number of failures per year (this must be norm  

alised to a consistent unit for linear assets such as Mains or Services e.g.,  failures per kilometre 

per year).  

To model the change in this PoF over time a deterioration relationship must also be derived for 

each Failure Mode . The initial PoF defines the starting point on the asset deterioration curve. 

Using the modelled PoF deterioration curve it is possible to estimate the PoF for the asset at any 

point in the future. Using the same deterioration curve,  it is also possible to back -calculate the 

failure rate in a historical year to verify the predictive capability of the deterioration model.  

4.3.1  Probability of Failure  (PoF) Calculation  

Probability of Failure m odels predict either the PoF (Probability of Failure)  or the PoF (Failure 

Rate)  at a given time, and can include constant, linear, exponential, power law, and Weibull 

hazard models ,  as shown in figure 10  below.  

The models and related failure rates are  built at asset level, population or sub -population level  

depending on the level of data . Sub -population models typically split the assets into groups based 

on key asset attributes, such as material, size, etc .   

Po F (Probability of Failure)  i.e.,  probabi lity of failing in a given year  = function (age, asset 

attributes , condition )  

PoF (Failure Rate)  i.e.,  number per year = function (age, asset attributes , condition )  

The starting point on the failure rate curve  (age=current) will be estimated  by the appropriate 

method to determine  the current number rate of failure,   either for individual asset s or some 

appropriate stratification grouping . This will be undertaken  wherever possible using observed 

failure data from company records.  

The deterioration rate of an asset measures how the failure rate changes over time , i.e. age 

increasing . This is used to forecast the number of future failures for each year over the planning 

horizon and at a given time period . To calculate deterioration, the rate of change in failures per 

unit increase in age is estimated.  

Statistical fitting methods can  be used to ensure that each model is robust and is statistical ly 

significant .  Examples of appropriate modelling include for alternative Failure Mode types:  

¶ Non -repairable Failure Mode s ï Survival/lifetime analysis modelling  

¶ Repairable Failure Mode s ï Counting process regression modelling  

For assets where there is condition data, the condition data will either be included as an attribute 

in the Failure Mode l or used to map the condition on to an effective age, which then determines 

the initial PoF (failure rate) as a starting point for the deterioration curve.  
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Figure 10  -  Example PoF Curves  

Gap analysis will be undertaken for each Failure Mode  and related observe d fa ilure data in the 

determination of PoF values and deterioration rates for each assetôs Failure Mode . The applicable 

method for determining Probability of Failure  and Deterioration rates  will be dependent on the 

level of data availability and quality derived from this ana lysis, as per the 3 options in S ection 

4.2 . 

For each of the Failure Mode s, the GDNs will determine which option applies based on the 

consistency, completeness,  and quality of asset failure data.  

 

Figure 11  -  Data Sources  
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Where a GDN has inconsistent, incomplete and/or poor -quality  data  for a particular Failure Mode , 

the methodology allows for the utilisation of either an agre ed standard PoF curve with derived 

starting -point (Option C)  or pooled/shared PoF values  and deterioration rates  (Option B) . Data 

Improvement plans will be established to move to óOption Aô data where applicable/possible and 

where the plans benefit the consistency and completeness of data for accurate and comparable 

reporting.  

Option A  (Data Driven)  

Where a GDN has consistent and complete asset failure data available for a specific assetôs Failure 

Mode , this data will be used to derive the PoF at a given point in time, measured as the number 

of failures over a year and the deterioration rate, measured as a percentage change in the number 

of failures year on year . These value s will be used within the applicable Event Tree .  

Additionally, where a GDN has condition data, this will be  used to enhance and/or modify the 

Failure Mode ls where appropriate.   

Option B  (Pooled/Industry Accepted  Model )  

Where a GDN has inconsistent, incomplete and/or poor -quality  data for a particular Failure Mode , 

there is an option to use, where agreed, the PoF values  and deterioration rates  derived from a 

nominated GDNôs calculations or an industry accepted model . 

 Option C (Expert Elicitation )  

Alternatively, where another GDNs values or industry accepted model cannot be used, 

engineering Expert Elicitation  will be utilised to estimate the Failure Mode l.  

An example of this is shown  in Figure 12  below for a non - repairable Failure Mode , where experts 

are asked to identify failure percentages (e.g. 10, 50 and 90%) over the life of an asset for a 

particular asset or cohort. This is then used to fit a statistical distribution (cumulative distribution 

function ï CDF) to the responses and re -paramet erised to give the parameters of the underlying 

PoF model, for example the hazard function.  

 

Figure 12  -  Derived Failure Curve  
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Condition and/or age data can also be used to determine an effective age which provides a start 

point on the curve and a conditional Probability of Failure value for use in the Event Tree .  

4.3.2  Worked Example ï PoF and Deterioration  

Continuing on from the Worked Example in section 3. 4.3, where there is consistent and 

complete asset failure data available  (Option A), this section describes how the Joint and 

General Emissions Failure Modes Probability of Failure values and Deterioration rates have 

been calculated.  

Joint   

From the table in section 3.4.3 , it  can be seen that the initial PoF of a Joint failure is 0.232 failures 

per kilometre per year for the DI/NO/1 cohort.  

An initial PoF was assigned to each pipe element represented in the NGN GIS database using base 

pipe attributes taken from the GIS (Install Decade, Diameter, Material, Pressure, and Distribution 

Zone). This analysis predicts a total number of joint failures of 179 per y ear for the DI/NO/1 

cohort alone. This value is normalised to a per kilometre value by dividing by the cohort length 

(1096 km) and then factored to ensure the predicted number of joint failures is equal to the actual 

number reported by NGN (a factor of 1.4 2 is applied in this example). Differences in predicted -

vs-actual are due to missing location or material data in the company repair records.  

Joint PoF (Year 0) = (Total Joint Failures / Cohort Length) x Scaling Factor  

Joint PoF (Year 0) = 179 / 1096 x 1.42 = 0.232 failures per km per year  

The method used to calculate the deterioration rate of the PoF for joint failures (and other Failure 

Mode s) is discussed in Appendix A . The deterioration rate for joints on Ductile Iron mains (from 

the analysed failure data set) has been assessed to be 4.9% per year.  

The deterioration rate for joint failure uses an exponential relationship to model the increase in 

the number of annual failures given a reactive maintenance only policy (i.e. no replacement). The 

following equation is used to predict the number of joint f ailures in Year n:  

Joint Failures (Year n) = exp(n  x Joint Deterioration Rate) x (Total Joint Failures (Year 

0) / Cohort Length) x Scaling Factor  

So for Year 10 the new level of joint failures calculated from the Year 0 value (of 0.232 

failures/km/year )  will be:  

Joint Failures (Year 10) = exp(10  x 0.049) x (179 / 1096) x 1.42 = 0.379 failures / km 

/ year  
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Year 0 Joint Failures  

 

Year 10 Joint Failures  

 

 

Figure 13  -  Worked Example -  Joint Failure Figures  

The annual increase in the numbers of joint failures over the life of the asset is represented in 

Figure 14 below (all joint failures).  

 

Figure 14  -  Worked Example -  Total numbers of joint failures per year given reactive only 

maintenance (all materials and all cohorts)  

General  Emissions  

General Emissions relate to leakage or shrinkage from the pipe network. The values are calculated 

directly from industry shrinkage models as per the table below.  

Diameters in GIS are converted to imperial values and values were applied at the individual pipe 

level using the lookup using the leakage rate lookup table below using the assigned material and 

diameter.  
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MATERIAL  <=3"  4" - 5"  6" - 7"  8" - 11"  >=12"  

PE 63.51  63.51  63.51  63.51  63.51  

Steel  3416.34  3854.34  3854.34  3854.34  3854.34  

Ductile  719.18  719.18  576.40  576.40  576.40  

Pit Cast  2407.21  1639.85  2525.47  2203.98  7463.40  

Spun Cast  1075.71  1075.71  1075.71  1075.71  1075.71  

Table 7 -  Worked Example -  Leakage rates in cubic metres/year/km at 30mb Standard System 

Pressure  

Cohort values are then calculated by summing emissions values for all the pipes within the 

specified cohort. For the DI/NO/1 cohort the total annual emissions are calculated to be 730,427 

cubic metres per year calculated by summing individual pipe lengths using the lookup table above. 

This is normalised to a per kilometre value by dividing by the cohort length (1096 km).  

General Emissions (Year 0) = 730,427 / 1096 = 666.3 cubic metres / km / year  

Deterioration of general emissions assumes a simple linear annual increase according to the 

equation below:  

General Emissions (Year n) = General Emissions (Year 0) x (1 + (n /100))  

So,  for Year 10 the new level of General Emissions calculated from the Year 0 value (of 666.3 

m3/km/year) will be:  

General Emissions (Year 10) = 666.3 x (1 +(10/100))  = 733.0 cubic metres / km / year  

Year 0 General Emissions  

 

Year 10 General Emissions  

 

Figure 15  -  Worked Exam ple -  General Emissions Figures  

The chart below illustrates the assumed deterioration in general emissions (for all mains cohorts).  
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Figure 16  -  Worked Example -  Total general emissions given reactive only maintenance (all 

materials and all cohorts). Units are in cubic metres per year  

1.1.1  Derived Asset Health  

A view of the health of an asset population can be calculated from the sum of the individual Failure 

Mode s where they have the same units and can be considered independent .  

1.1.1.1  Example  

Following on from the example above, the Asset Health is considered to be the sum of all the PoF 

modes  (where expressed in common units, in this case the number of failures per kilometre per 

year) . 

Failure Mode  PoF  

Corrosion Nr/Km/Yr  0.004  

Fracture Nr/Km/Yr  0.002  

Interference Nr/Km/Yr  0.011  

Joint Nr/Km/Yr  0.031  

Total  0.048  

Table 8  -  Example Asset Health Figure  
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4.4.1  Probability of Consequence (PoC)  Calculation  

For each of the of consequence measures, including customer, environmental, health & safety, 

the quantity and p robability of consequence value  is required for each step in the Event Tree . The 

scale or quantity of risk articulates the size of any potential Consequence. The Consequence Value  

is then calculated taking the probability of that occurrence into account as determined by the 

Event Tree .  

Gap analysis will be undertaken for consequence  data that will be used in the determination of 

these values . The applicable method for determining  each value  will be dependent on the level of 

data availability and quality derived from this analysis, as per the options in section 4.2 . 

For each of the consequence measures, the GDNs will jointly determine which option applies 

based on the consistency, completeness,  and quality of data available. Methods may include:  

¶ GIS analysis ï e.g.,  number of properties connected to an asset  

¶ Network Modelling ï e.g.,  number of customers served by a governor  

¶ Observed data ï e.g.,  number of historical explosions  

¶ Industry accepted values  

¶ Expert opinion  

Where a GDN has inconsistent, incomplete , poor quality or simply non -existent data for a 

particular consequence measure, the methodology allows for the utilisation of either expert 

knowledge or published studies/reports (Option C) or pooled/shared PoC values (Option B), as 

described for determining Probability of Failure .  

Option A  

Consequence values derived from GDN specific data sources.  

Option B  

Consequence values derived from shared data sources where the valuation data is not available 

or is uncertain within individual GDNs. This may be because data capture systems do not currently 

exist in specific GDNs,  or the consequence event is so infrequent that there is a high degree of 

uncertainty in the consequence value.  

Option C  

Data taken from industry standard data sources, such as HSE or DECC reports. This will also 

include assumptions agreed with Ofgem or as agreed with independent experts.  
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4.4.2  Worked Example ï Probability of Consequence  

Joint  

 

Figure 17  -  Worked Example ï Joint PoC Figures  

The Consequences of Failure identified for a joint failure are shown in the pink  boxes above 

accompanied by associated Probability of Consequence (PoC) values for the DI/NO/1 cohort. 

Further details of how these PoC values have been calculated are provided in Appendix A . For 

joints:  

¶ All joint failures will lead to a Gas Escape (PoC for a Gas Escape equals 1)  

¶ A proportion of Gas Escapes will lead to a Gas in Building (GIB) event (the PoC for a GIB 

arising from a joint failure equals 2.2% in this example)  

¶ If a GIB results from a joint failure,  then then an explosion within the property may occur 

(PoC equals 0.076% in this example)  

¶ A proportion of joint failures will lead to a supply interruption (PoC equals 9% in this case)  

¶ All joint failures will lead to a loss of gas (PoC is 1, with an associated value of 222 cubic 

metres per failure, based on a weighted average of the pressure bands within the cohort)  

¶ A proportion of joint failures will lead to a water ingress event (PoC equals 3% in this case)  

General Emissions  

General emissions are a special case where the Failure Mode  of a gas emission leads to a 

consequence of increased carbon footprint arising from the level of emission.  

4.4.3  Consequence of Failure (£)  Calculation  

Each potential Consequence measure  must be expressed as a monetary value (£) per unit of 

risk . This is then multiplied by the effective quantity of consequence to derive the monetised 

consequence.  

The GDNôs will decide which data option is applicable for each of the Cost of Consequence values. 

They will either be:  

Option A ï GDN specific values (consistent and complete financial/cost data) . Examples include:  

repair costs; main - laying costs etc.  

Option C ï Global values (Expert opinion or published studies/reports) . Examples include:  

environmental costs of carbon emissions; value of a loss of life (plus agreed inflation for wider 

costs associated with reputational damage) etc.  
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4.4.4  Worked Example ï Consequence of Failure (£)  

Joint  

 

Figure 18 -  Worked Example ï Joint CoF Figures  

The identified consequences of joint failures and their associated Probability of Consequence (PoC) 

values are used to derive monetary values for each consequence of failure for the DI/NO/1 cohort.  

This uses the following calculation:  

Consequence Value = Monetary value of a specific consequence event x PoC for the 

specific consequence  

Examples for the Joint Failure Mode  are provided below for the three most significant consequence 

values:  

¶ Financial cost of repairing a joint failure ( F_Joint )  

¶ The carbon footprint value associated with the loss of gas arising from a joint failure 

(F_Carbon )  

¶ The consequence value of a death arising from an explosion ( F_Death )  

All calculated consequence values are inflated annually, as discussed in the Probability of Failure 

section above. An example for F_Joint is shown in the chart below:  

 

 

Figure 19  -  Worked  Example -  Joint consequence values over life of asset given reactive only 

maintenance (all materials and cohorts)  
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F_Joint  

The unit cost of repairing a joint has been estimated from company financial systems, using actual 

costs and the repaired mains diameter. For the DI/NO/1 cohort this diameter will be the length 

weighted diameter of all pipe sections within the cohort. This  has produced the following equation 

(which is GDN specific):  

Unit cost (£) = Cost Uplift x (3.96646*Diameter + 251.237)  

The Cost Upl ift is a GDN specific uplift to include back -office costs. This produces a unit cost of 

£1,120 per joint repair for the DI/NO/1 cohort.  

The consequence value is calculated by multiplying the unit cost by the predicted number of 

failure per year:  

F_Joint (Year 0) = £1,120.07 x 0.232 failures/km/year = £260.11 per km per year  

F_Carbon  

The external value of carbon emissions is based on ñValuation of energy use and greenhouse gas 

(GHG) emission -  Supplementary guidance to the HM Treasury Green Book on Appraisal and 

Evaluation in Central Government ï September 2014ò. The value we have used is the non - traded 

value of carbon expressed in units of £/tonneCo2e. This is further uplifted to take account of the 

higher greenhouse impact of natural gas compared to carbon dioxide. This uplift has been 

estimated to be 17.697 for the example below, but  this will be GDN specific based on their 

distributed gas composition.  

The consequence value of carbon for the DI/NO/1 cohort is derived from the following factors 

which are multiplied together:  

¶ The Year 0 value of carbon is £59 per tonne of carbon dioxide. This is inflated in future 

years according to HM Treasury guidelines  

¶ This is converted to a value in cubic metres (to align with the loss of gas estimate) and 

uplifted to account for the higher greenhouse impact of natural gas  

o 1 cubic  tonnes of CO2 to tonnes of natural gas = 17.697  

o Conversion factor (tonnes CO2 to m3 natural gas) = 0.00076 x 17.697 = 0.0134  

¶ The annual volume of the loss of gas due to joint failures is calculated by multiplying the 

predicted joint PoF  by the loss of gas per joint failure (222.14 m3)  

¶ The total annual loss of gas is multiplied by the value of carbon emissions associated with 

the calculated loss of gas  

The calculation is shown below:  

F_Carbon (Year 0) = 0.232 failures/km/year x 222.14 m3 x 0.0134 x £59 per 

tonneCo2e = £40.94 per km per year  

F_Death  

The Death consequence value is calculated by estimating the following which are then multiplied 

together:  

¶ The numbers of joint failure per year for the DI/NO/1 cohort  

¶ The probability of a gas escape following failure (PoF equals 1)  

¶ The probability of a GIB following a gas escape (PoF = 0.022)  

¶ The probability of an explosion given a GIB (PoF = 0.00076)  

¶ The probability of an explosion causing a death (PoF = 0.45)  
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¶ The value of a death, assumed to be the HSE published value uplifted by a factor to account 

for wider costs of a loss of life (value = £16 million).  

The calculation for F_Death is as follows:  

F_Death (Year 0) = 0.232 failures/km/year x 1 x 0.022 x 0.00076 x 0.45 x £16million 

= £27.41 per km per year  

General Emissions  

 

Figure 20  -  Worked Example ï General Emissions CoF Figures  

The identified consequences of General Emissions failures and associated probability of 

consequence (PoC) values are used to derive monetary values for each consequence of failure for 

the DI/NO/1 cohort. This uses the following calculation:  

Consequence Value = Monetary value of a specific consequence event x PoC for the specific 

consequence  

Examples of consequence value calculations for the following General Emissions Failure Mode  are 

shown below:  

¶ The carbon footprint value associated with the gas lost from general emissions 

(F_Carbon )  

¶ The cost associated with the retail value of loss of product ( F_Loss of Gas )  

All calculated Consequence Values are increase according to the modelled deterioration in the PoF 

as discussed previously  in S ection 4.3 . An example for the F_Carbon and F_Loss of Gas value is 

shown below:  

 

Figure 21  -  . Worked Example -  Loss of Gas consequence values over life of asset given reactive 

only maintenance (all materials and cohorts). Units are £/year  

F_Carbon  

This is calculated in a similar way to F_Carbon. The consequence  for the DI/NO/1 cohort is 

calculated by multiplying the volume of gas lost per year through general emissions (666.3 
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m3/km/year) by the conversion factor (tonnes CO2 to m3 natural gas) by the value of carbon 

(£59 per tonne). The Year 0 calculation is shown below:  

F_Carbon (Year 0) = 666.3 m3/km/year x 0.0134 x £59 per tonne = £ 528.81 per km 

per year  

F_Loss of Gas  

The consequence value for loss of gas is calculated by multiplying the annual volume lost through 

emissions by the retail value of gas (assumed to be 22 pence per cubic metre). The Year 0 

calculation is shown below:  

F_Loss of Gas (Year 0) = 666.3 m3/km/year x £0.22 = £146.61 per km per year  

 

 

In order to calculate the current (year 0) overall risk value for a Failure Mode , all weighted 

consequences values are added together, multiplied by the PoF for the Failure mode and then 

multiplied by the asset population of the Asset Group . The risk values for each Failure Mode  are 

then added together to understand the total risk presented by the secondary and primary Asset 

Group s.  

4.5.1  Worked Example ï Monetised Risk Calculation  

The sum of all consequence values derived for each Failure Mode  provides the overall level 

of monetised risk for the cohort.  

This increases in in future years according to the PoF  deterioration modelling  discussed previously. 

Examples for the DI/NO/1 Joint and General Emissions Failure Modes are shown  in Figure 22 and 

23 . 
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Joint  

Year 0 Total Monetised Risk  

 

Year 10 Total Monetised Risk  

 

Figure 22  -  Worked Example ï Joint Risk Calculation  

The annual monetised risk value for DI/NO/1 cohort joint failures is £401 per km per year in Year 

0, rising to £499 per km per year in Year 10. This is largely driven by the joint failure deterioration 

rate given no replacement.  

General Emissions  

Figure 23 -  Worked Example ï General Emissions Risk Calculation  

The annual monetised risk value for DI/NO/1 cohort general emissions is £675 per km per year 

in Year 0, rising to £842 per km per year in Year 10. This significant increase is largely driven by 

HM Treasury forecast increases in the value of carbon.  

Total Monetised Risk  

The total annual monetised risk values for the DI/NO/1 cohort are calculated by summing all the 

calculated consequence values for all Failure Mode s and multiplying  by the cohort length (1096 

km) ï Figure 24 provides the total monetised risk values at year 0 and year 10.  

Year 0 Total Monetised Risk  

 

Year 10 Total Monetised Risk  
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Year 0 Total Monetised Risk  

 

Year 10 Total Monetised Risk  

 

Figure 24  -  Worked Example ï Total Monetised Risk Calculation  

The total annual monetised risk value for the DI/NO/1 cohort is £1,721,370 per year in Year 0, 

rising to £2,104,029 per year in Year 10. The increase in total monetised risk over the life of the 

asset is shown in the chart below . 

Please note that no interventions are modelled, therefore no value is assigned to the post -

intervention risk profile) .  

 

Figure 25 -  Worked Example -  Total monetised risk values for the DI/NO/1 cohort with no 

intervention (reactive maintenance only)  
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Interventions will be defined as either reactive  or proactive . A reactive intervention is defined 

as an action undertaken on an asset that is unplanned, while a proactive intervention is planned 

in advance. Each will have a cost and benefit attributed to it . 

4.6.1  Types of Intervention  

The main types of interventions considered are:  

¶ Repair  ï a reactive intervention that restores a failed asset back to:  

o an operable state for repairable assets  

o a new asset for non - repairable assets;  

¶ Planned maintenance and inspections  ï routine activities carried out on a regular basis 

that may not change the underlying PoF  

¶ Replacement  ï a proactive intervention that replaces an asset or a proportion of the 

asset population with new assets.  

o with like for like assets  

o with different assets, such as a different material, new model, etc.  

¶ Refurbishment  ï a proactive intervention that extends the life of an asset.  

A reactive only ( i.e.,  repair) intervention regime will be considered the baseline strategy in which 

other regimes will be compared against. Combinations of the proactive interventions are also  

considered .  

Worked Example -  Types of Intervention  

For the purposes of this worked example we will consider 2 simple (and exaggerated) 

interventions for the DI/NO/1 cohort and then compare them.  

¶ 50 km of mains replacement for each of the first 8 years of the RIIO GD1 period  

¶ 50 km of spray - lining for each of the first 8 years of the RIIO GD1 period  

The methodology allows costs to be expressed in a number of ways . All values and results  within 

the simplified examples provided  are illustrative only and require more validation before results 

can be considered definitive.  

4.6.2  Calculate I ntervention Strategy Costs  

For each Asset Group a set of unit costs will be established for each potential intervention. The 

cost unit will be either per asset or per unit length and  split by asset attributes where appropriate 

( i.e.,  material, size, asset type).  

A cost profile will be estimated by summing the costs of a given intervention strategy over the 

planning horizon . In the case of reactive repair , this will be the repair costs multiplied by the 

annual PoF. Routine maintenance costs will also be included in the cost analysis so that  different 

intervention strategies can be compared with one other.  

All costs will be expressed at a common price base date as per RIIO -GD requirements.  



Event Tree Utilisation  
 

Version 6 ï February 2026   

Page 56  

Worked Example -  Types of Intervention  

Example 1 -  Mains replacement  intervention  

Costs of mains replacement interventions have been estimated using NGN actual rates. 

Unit costs of mains replacement are  outlined below and the following assumptions have 

been made :  

¶ DI mains are replaced with polyethylene (PE)  

¶ Service transfers (reconnection of existing servi ces) are included. Initially it is have 

assumed that only PE services are transferred  

¶ Service relays are excluded (to be modelled as service replacement intervention)  

Unit cost of mains replacement (£/km) = Unit cost of mains laying (per km) + (Unit costs of PE 

service laying x Number of connected PE services (per km)  

In consultation with NGN, the unit cost of main laying  is calculated to be the maximum value of 

either £85.26 per metre or (15.971 + 0.8206 x Cohort Diameter). The weighted average cohort 

diameter for DI/NO/1 is 124.9mm.  

Unit cost of mains laying = 15.971 + 0.8206 x 124.9 = £118.46 per metre or £118,463 

per km (1)  

As the unit cost is greater than £85.26 it is retained for the remainder of the analysis.  

The number of PE services to be transferred in the DI/NO/1 cohort is 43 services per km. The 

unit cost of PE service transfer is £223.75 .  

Cost of service transfers = 43 x £223.75 = £9,621  

Unit cost of mains replacement = £128,084 per km  

Example 2 -  Sp r ay - lining  intervention  

This is example of a potential innovative intervention and costs are not yet fully understood. A 

value of £22 per metre (£22,000 per km) has been assumed for this example . 

Unit cost of mains spray - lining = £22,000 per km  
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The benefit (value) of each intervention will be established to calculate the net effect of applying 

an intervention across the planning horizon . An example is given in th e plot below where the 

asset is:  

¶ Either  completely replaced with a new and different asset and the PoF is reset to zero 

(red),  

¶ Or  the asset is refurbished and the age is only partially reset, on the same failure curve 

but shifted towards  the left .  

 

Figure 26  -  Example Intervention Curves  

Worked Example -  Impact of Intervention  

Appendix A  discusses how the intervention benefits for mains replacement were 

assessed. The benefits of mains spray - lining on PoF etc. are just estimates and should 

not be considered definitive  at this stage . 

The methodology allows the intervention benefits to be modelled as:  

¶ A change in the Probability of Failure  (and deterioration rate)  

¶ A change in the probability of consequence  

¶ A change in the consequence value (e.g. unit costs of repair and maintenance)  

Example 1 -  Mains replacement intervention  

For mains replacement intervention benefits are modelled as:  

¶ A reduction in the initial Probability of Failure  for the new pipe (PE) ï which is assumed to 

be 0.0234 failures/km/year for joint failures. Other Failure Mode s have specific initial PoF 

values  
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¶ A reduction in the deterioration rate to that of a new PE pipe ï assumed to be the joint 

deterioration for PE (0.5% per annum).  

For our example mains replacement scenario -  50 km of replacement in each of the first 8 years 

of the RIIO GD1 period -  this has the following impact on the overall joint monetised risk value 

in Year 4 and Year 8 when compared to the base year.  

Scenario  Year 0  Year 4  Year 8  

Without 

intervention  

Monetised 

risk  

£1.72M  £2.07M  £2.36M  

With 

intervention  

Monetised 

risk  

£1.72M  £1.82M  £1.86M  

Monetised 

risk 

reduction 

benefit  

-  £0.25M  £0.50M  

Table 9 -  Worked Example -  Monetised risk for DI/NO/1 cohort without and with 50km of mains 

replacement per annum. Note ñwith interventionò risk value includes both remaining DI/NO/1 

and new PE/NO/1 cohorts  

Example 2 ï Spray lining intervention  

Spray - lining has been identified as a potential option to extend the life of the mains asset as an 

alternative to full replacement. A semi -structural lining is added to the internal wall of the pipe 

improving integrity and reducing leakage. The benefits of  spray lining are currently unknown,  so 

some simple assumptions have been made for this analysis.  

For spray - lining, benefits are modelled as:  

¶ A reduction in Joint failures by 20%  

¶ A reduction in Fracture failures by 20%  

These post - intervention benefits are replied to only to the DI/NO/1 pipes targeted for spray - lining 

creating a new modified DI/NO/1 cohort. Our example spray - lining scenario has the following 

impact on the overall joint monetised risk value in Year 4 and Y ear 8 when compared to the base 

year.  

Scenario  Year 0  Year 4  Year 8  

Without 

intervention  

Monetised 

risk  

£1.72M  £2.07M  £2.36M  

With 

intervention  

£1.72M  £1.95M  £2.17M  
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Monetised 

risk  

Monetised 

risk 

reduction 

benefit  

-  £0.12M  £0.19  

Table 10 -  Worked Example -  Monetised risk for DI/NO/1 cohort without and with 50km of spray -

lining per annum. Note ñwith interventionò risk value includes both remaining DI/NO/1 and new 

lined DI/NO/1 cohorts  

Comparison of Monetised Ris k Reduction Benefits 

By comparing the monetised risk reduction benefits (not costs at this stage) of mains replacement 

versus spray - lining it can be seen that by undertaking similar lengths of activity (50km per 

annum), mains replacement delivers a £0.25M per year reduction in monetised risk by Year 4, 

compared to only £0.12M for spray - lining. By Year 8 the risk reduction delivered by  replacement 

rises to £0.5M per year, compared to £0.19M for lining.  

4.7.2  Future W ithout - intervention Risk Values  

The deterioration rate  is applied  year on year so that the risk value can be calculated at any point 

in the future, taking the progressive deterioration of the Asset Group into account . The 

deterioration rate can vary according to each Failure Mode .  

Future ówithout-interventionô risks can be calculated for the  end point  of the RIIO GD1 period.  

Worked Example ï Without Intervention Risk Values  

For the DI/NO/1 cohort monetised risk values are calculated for each year assuming only 

reactive maintenance is carried out (generally repairs or base levels of maintenance 

activity, such as surveying or pressure management). This produces a ñwithout 

interventionò profile of monetised risk as shown in Figure 27 below (only Years 0 to 8 are listed).  

 

 

 

Figure 27  -  Worked Example -  Monetised risk for DI/NO/1 cohort without intervention (Years 1 

to 8)  

However, the analysis does not only consider the DI/NO/1 cohort in isolation, it calculates the 

monetised risk value of the entire mains Asset Group  both before and after intervention. These 

interventions can be analysed on either single or multiple cohorts in combination ( e.g.,  all Tier 1 

mains replacement interventions, regardless of material, can be modelled together if required). 

Without intervention risk values for all mains assets are shown in Table 11  below.  
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Table 11 -  Worked Example -  Monetised risk for all mains without intervention (Years 0 - 8)  

4.7.3  Future W ith - intervention Risk Values  

The intervention regime is defined based upon the changes it makes to the Event Tree . These in 

turn are used to calculate the post intervention risk value and the difference between the pre and 

post intervention risk is therefore the risk benefit value delivered by undertaking the intervention 

regime.  

As before, the deterioration rate is applied year on year so that the risk value can be calculated 

at any point in the future taking the progressive deterioration of the Asset Group  into account . 

The deterioration rate can vary according to each Failure Mode . The end point  of the RIIO GD1 

period is calculated to determine the  extent to which risk and the value associated with it is 

changing over time.  

To compare costs and benefits of intervention regimes, similar  analyses can be undertaken for a 

variety of intervention regimes against each Asset Group . These are then compared between 

Asset Groups to identify the best intervention approach for each Asset Group .  

This methodology can also be used to identify opportunities for risk trading where investment can 

be re - targeted to deliver better returns on investment.  

Worked Example ï With - Intervention Risk Values  

With - intervention monetised risk analysis is now considered using the mains 

replacement and spray - lining interventions discussed previously.  

Example 1 -  Mains replacement  

The risk reduction benefits of replacing 50km of DI/NO/1 mains per year and replacing with PE 

were assessed using the approach described . 

The with -  and without intervention benefits for the whole mains Asset Group  are shown below. It 

is worth stating that the change in risk value shown below is delivered only by the modelled 

intervention(s) ï in this case 50km of mains replacement between Years 1 and 8. All other assets 

are deteriorating according to the specified reactive -only maintenance rules.  
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Table 12 -  Worked Example -  Monetised risk for the whole mains Asset Group without and with 

50km of DI/NO/1 mains replacement per annum  

To demonstrate how the monetised risk calculation method responds to modelling different 

volumes of intervention, the annual replacement is reduced to 10km of DI/NO/1 per year and the 

analysis repeated.  

 

Table 13 -  Worked Example -  Monetised risk for the whole mains Asset Group without and with 

10km of DI/NO/1 mains replacement per annum  

Example 2 -  Spray - lining  

The same analysis as described for replacement was carried out for the 50km per annum of spray -

lining intervention.  

The with -  and without monetised risk value benefits are shown  in Table 14  (again for the whole 

mains Asset Group ).  
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Table 14 -  Worked Example -  Monetised risk for the whole mains Asset Group without and with 

50km of DI/NO/1 spray - ling per annum  

4.7.4  Assessing Risk  

In order to assess and compare Health and Risk reductions achieved by different interventions 

and on different asset g roups,  the analysis outlined  in the previous sections  can  be repeated  

according to individual company policies and strategies :  

¶ For a number of different interventions within asset groups. For example, replacement or 

lining options on different mains cohorts at various annual intervention rates and phasing 

between years  

¶ Across different asset groups to compare risk value reduction between interventions on 

different asset groups  

¶ To understand a true optimised programme of investment (e.g. to assess the optimum 

risk reduction at lowest whole life cost) a large number of alternative interventions need 

to be tested or optimisation techniques/tools adopted. Optimisation techniques are  beyond 

the scope of this Health and Risk assessment methodology and are not discussed further 

in this document.  

Worked Example ï Monetised Risk Comparison between Interventions  

The analysis undertaken above for the  three  simple mains replacement and spray - lining 

interventions discussed previously is summarised in Table 15  as at the end of RIIO -GD1 

(Year 8) :  

Proposed 

Investment  

Baseline  

(£M)  

Post 

Investment  

(£M)  

Delta  

(±£M)  

 

Mains replacement  

50km pa  63.72  63.23  -0. 49  

10km pa  63.72  63.62  -0.10  

Spray - lining  

50km pa  63.72  63.53  -0.19  
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Table 15 -  Worked Example ï Risk Comparison  

This data derived for each planned Intervention  can be further used to undertake cost -benefit 

(CBA) analysis and in the planning of future asset management and investment strategies.  
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5.  Regulatory Reporting  

RIIO -GD2 regulatory reporting to Ofgem saw the introduction of a requirement of a NARM 

Regulatory Reporting Pack (RRP) which is different to the RIIO -GD1 approach whereby Monetised 

Risk was reported as a table within the main cost and volumes RRP  (Table 7.3) . NARM RRP is part 

of a wider suite of regulatory reporting and monitoring tools that are submitted annually to Ofgem.  

There are several purposes to NARM annual reporting, including:  

¶ to collect outturn and forecast data so that Ofgem can take a view on the likely end of 

period outcome of the NARM Funding Adjustment and Penalty Mechanism. This means that 

each network companyôs annual reporting should include its best forecasts of data that 

will be provided as part of its NARM Closeout Report (see below);  

¶ to help identify emerging issues that might need to be addressed ahead of the next price 

control period or at RIIO -2 closeout;  

¶ to collect data and information to inform future development of the NARM methodologies 

and NARM mechanisms in future price controls;  

¶ to collect data that will be needed to facilitate robust assessment of the network 

companiesô RIIO-3 business plans.  

¶ to understand the costs associated with delivering NARMôs interventions 

In RIIO -GD1, regulatory reporting saw assets reported by asset group and sub -group level. For 

RIIO -GD2, assets are reported by asset group only . 

The NARM Regulatory Instructions and Guidance (NARM RIGs), sets out the instructions and 

guidance applicable to the relevant network companies for completing and submitting the NARM 

RRP and must be adhered to.  

The submission is risk assessed by each GDN  for likelihood of error and the impact of an error. 

The risk score determines the level of assurance applied to the NARMôs tables and will be specific 

to each GDN . 

The previous version of the Met hodology stated that the GDNs were currently unable to report 

the long - term risk benefit  and therefore it has been  agreed with Ofgem that the reporting and 

target associated with monetised risk for GDNs will only include  the single year risk change at the 

end of the RIIO period.  

This revision to  the Methodology documents the new GDN approach for reporting the monetised  

risk reductions  delivered by investments  beyond a single year , which will provide a more realistic 

view of the longer - term benefits delivered to customers through asset health investments  and a 

more nuanced approach to NARMs target setting and application of the  NARM incentive 

mechanism . This approach is discussed in Section 7 and in the relevant A ppendices for different 

asset types.  
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6.  Governance  

The publication and maintenance of NARM Methodology (as set out in this document) will be 

managed and governed by the Gas Safety & Reliability Working Group (SRWG) to ensure 

compliance with the Gas Transporters Licence objectives  as set out in Section 1.3 .  

 

The Gas SWRG Membership will include;  

¶ Representatives from each of the four Gas Distribution Networks;  

¶ Cadent Gas Ltd  

¶ Scotia Gas Networks  

¶ Wales & West Utilities  

¶ Northern Gas Networks  

¶ A nominated chairperson appointed jointly by the GDNs  

¶ Secretarial Support  

¶ Ofgem ï with a standing invite to the Group  

The Gas SRWG will convene on a quarterly  basis  as a minimum . The agenda for each of the 

meetings will be agreed by the members of group . Attendance of additional parties at the Gas 

SRWG will be as a result of specific invite by the Group.  

Gas SRWG meeting agendas, minutes, reports and correspondence will be published  as 

appropriate .   

 

The Gas Distribution Networks (GDNs) will collectively assess the  performance and effectiveness 

of the NARM Methodology and monitor the ac tivities as agreed in the NARM audit workplan with 

Ofgem . The Gas SRWG will be responsible for the following:  

¶ Monitoring the performance and effectiveness of the NARM Methodology and associated 

information gathering plan;  

¶ Assessing impacts on the Risk baselines previously agreed with Ofgem and contained 

within any License  Obligation  

¶ Develop and assess changes to the Broad NARM Methodology Statement;  

¶ Assessing the impact of changes to external inputs to the Methodology and proposing 

updates to Risk & Health values as appropriate;  

¶ Assessing the impact of delivery of the actions set out in the Information Gathering Plan 

and proposing updates to Risk & Health values as appropriate; and  

¶ Evaluating and assessing feedback from stakeholders on the NARM Methodology and 

Outputs.  
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The SRWG can at any time propose a modification to the NARM methodology that it believes 

would better meet the NARM Objectives and wider Licence Obligations  prompting an audit. The 

timeframe for executing an audit will be agreed in consultation with all GDNs and Ofgem. Factors 

which will dictate the timeliness of an audit will be considered, these include:  

¶ Legislative changes that must be included within the current or following price controls  

¶ Business planning timeframe requirements  

¶ RRP Reporting cycle requirements  

The GDNs will jointly publish a consultation via the SRWG on any proposed changes as required 

by the Gas Transporters Licence , this will be undertaken in consul tation with Ofgem with the 

GDNs as the lead . The consultation will include any supporting information, data and analysis 

used to support the proposed modification including any independent assessment of the proposed 

modification as required.  

Following consultation, any proposed modification to the Methodology Statement will be set out 

in a separate report and include;  

¶ A detailed explanation of the proposed modification and how it will better meet the relevant 

obligations  

¶ Any impact on the Risk baselines previously agreed with Ofgem and contained within any 

License  Obligation  

¶ Any representations from third parties on the modification  

¶ A copy of the independent expertôs report on the modification detailing; 

¶ Opinion on the extent to which it better meets the objectives  

¶ Opinion on validity of any change to the core methodology outlined in the Statement  

¶ Validation of the deployment of the methodology and the impact on any Risk baselines  

¶ A timetable for deployment of modification into the core methodology.  

Each Modification Report will be presented to Ofgem and the Authority for approval/direction . The 

Methodology Statement will be updated following approval from the Authority.  

 

The GDNs will make publicly  available the most recent NARM Methodology Statement and all 

associated appendices.  

 

It is envisioned that Global values, in particular those listed below, will not be update d within a 

regulatory pr ice control period, unless there is a significant need to do so. The rationale for this 

is set out in Table 20. All costs will be updated from 2014/15 prices to a base price year agreed 

with Ofgem for each Pric e Control.  The values outlined in the table 20 below will not align to 

global values in secti on 3.7.2 for newly updated RIIO -GD3 values.  

As discussed in Section 3.7.2 all Global values will be subject to an annual review and identified 

changes to values and/or data sources will be agreed by  SRWG. Significant changes to any of 

these parameters which have an associated impact of +/ -10% on overall baseline monetised risk 
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will be considered for change at annual review. +/ -10%  has been chosen as it represents a 

standard measure of statistical robustness.  

If changes are identified and approved for inclusion, any potentially significant changes to 

individual GDN investment programmes will be identified by re - running the relevant risk 

assessment models. Any material differences generated by changes to these G lobal values may 

trigger discussions with Ofgem prior to incorporation.  
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Paramet

er  

Paramete

r 

Descriptio

n  

Commo

n to 

Sector 

of 

License

e 

Specifi

c 

Reference 

to 

Methodolog

y  

Rationale for fixing over RIIO -

2  

Is this 

parameter 

updated for 

investment 

planning 

purposes?  

Units  Fixed 

Values* 1  

Next Proposed 

Review and/or 

Update  

F_Loss_O

f_Gas  

Cost per 

m3 of loss 

of gas  

GDN  3.7.2 Global 

Values  

Are values outside of GDN control 

and should be fixed as they are 

not affected by intervention. 

Although they are considered in 

investment decisions,  they 

typically are not the main driver. 

Non - intervention risk changes 

would not be the appropriate 

mechanism for handling changes 

in this parameter due to the 

impact and level of control that 

GDNs have over them. There are 

also practical issues as this 

parameter affects all GDNs as it is 

a 'common' value, therefore a 

common consensus has to be 

made which is di fficult to 

implement when the parameter 

has already been agreed by the 

group.  

The decision on 

whether this is 

updated for 

investment 

planning 

purposes is GDN 

specific.  

£ £0.22  Should be 

reviewed and 

updated as part of 

RIIO -3 CBA and 

NARM target 

setting.  

 

1  All cost values listed are as set out in the N ARMS methodology. As costs were inflated to 2018/19 prices by GDNs for their GD2 submissions, any cost 

values need to be inflated to 2018/19 prices  to determine the value that has been used for GD2 NARMs target setting.  
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Paramet

er  

Paramete

r 

Descriptio

n  

Commo

n to 

Sector 

of 

License

e 

Specifi

c 

Reference 

to 

Methodolog

y  

Rationale for fixing over RIIO -

2  

Is this 

parameter 

updated for 

investment 

planning 

purposes?  

Units  Fixed 

Values* 1  

Next Proposed 

Review and/or 

Update  

F_Legal_

Penalty  

Legal 

penalty 

payment  

GDN  3.7.2 Global 

Values  

Are values outside of GDN control 

and should be fixed as they are 

not affected by intervention. 

Although they are considered in 

investment decisions,  they 

typically are not the main driver. 

Non - intervention risk changes 

would not be the appropriate 

mechanism for handling changes 

in this parameter due to the 

impact and level of control that 

GDNs have over them. There are 

also practical issues as this 

parameter affects all GDNs as it is 

a 'common' value, therefore a 

common consensus has to be 

made which is difficult to 

implement when  the parameter 

has already been agreed by the 

group.  

The decision on 

whether this is 

updated for 

investment 

planning 

purposes is GDN 

specific.  

£ £20m 

Offtake/ 

PRS/ LTS  

£1m Mains/ 

Services/ 

Governors/ 

Risers  

Should be 

reviewed and 

updated as part of 

RIIO -3 CBA and 

NARM target 

setting.  
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Paramet

er  

Paramete

r 

Descriptio

n  

Commo

n to 

Sector 

of 

License

e 

Specifi

c 

Reference 

to 

Methodolog

y  

Rationale for fixing over RIIO -

2  

Is this 

parameter 

updated for 

investment 

planning 

purposes?  

Units  Fixed 

Values* 1  

Next Proposed 

Review and/or 

Update  

F_Carbon  Cost of 

Carbon  

GDN  3.7.2 Global 

Values  

Are values outside of GDN control 

and should be fixed as they are 

not affected by intervention. 

Although they are considered in 

investment decisions,  they 

typically are not the main driver. 

Non - intervention risk changes 

wouldnôt be the appropriate 

mechanism for handling changes 

in this parameter due to the 

impact and level of control that 

GDNs have over them. There are 

also practical issues as this 

par ameter affects all GDNs as it is 

a 'common' value, therefore a 

common consensus has to be 

made which is dif ficult to 

implement when the parameter 

has already been agreed by the 

group.  

The decision on 

whether this is 

updated for 

investment 

planning 

purposes is GDN 

specific.  

£ Formula to 

model bi -

linear 

increase 

over time.  

if(Dyear+2

015<= 

2030,Dyea

r+2015 -

1953,7.358

7*(2015+D

year) -

14860)  

Should be 

reviewed and 

updated as part of 

RIIO -3 CBA and 

NARM target 

setting.  
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Paramet

er  

Paramete

r 

Descriptio

n  

Commo

n to 

Sector 

of 

License

e 

Specifi

c 

Reference 

to 

Methodolog

y  

Rationale for fixing over RIIO -

2  

Is this 

parameter 

updated for 

investment 

planning 

purposes?  

Units  Fixed 

Values* 1  

Next Proposed 

Review and/or 

Update  

F_Minor  Cost of 

minor 

injury  

GDN  3.7.2 Global 

Values  

Are values outside of GDN control 

and should be fixed as they are 

not affected by intervention. 

Although they are considered in 

investment decisions,  they 

typically are not the main driver. 

Non - intervention risk changes 

would not be the appropriate 

mechanism for handling changes 

in this parameter due to the 

impact and level of control that 

GDNs have over them. There are 

also practical issues as this 

parameter affects all GDNs as it is 

a 'common' value, therefore a 

common consensus has to be 

made which is di fficult to 

implement when the parameter 

has already been agreed by the 

group.  

The decision on 

whether this is 

updated for 

investment 

planning 

purposes is GDN 

specific.  

£ 185,000  Should be 

reviewed and 

updated as part of 

RIIO -3 CBA and 

NARM target 

setting.  
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Paramet

er  

Paramete

r 

Descriptio

n  

Commo

n to 

Sector 

of 

License

e 

Specifi

c 

Reference 

to 

Methodolog

y  

Rationale for fixing over RIIO -

2  

Is this 

parameter 

updated for 

investment 

planning 

purposes?  

Units  Fixed 

Values* 1  

Next Proposed 

Review and/or 

Update  

F_Death  Cost of 

death  

GDN  3.7.2 Global 

Values  

Are values outside of GDN control 

and should be fixed as they are 

not affected by intervention. 

Although they are considered in 

investment decisions,  they 

typically are not the main driver. 

Non - intervention risk changes 

would not be the appropriate 

mechanism for handling changes 

in this parameter due to the 

impact and level of control that 

GDNs have over them. There are 

also practical issues as this 

parameter affects all GDNs as it is 

a 'common' value, therefore a 

common consensus has to be 

made which is difficult to 

implement when  the parameter 

has already been agreed by the 

group.  

The decision on 

whether this is 

updated for 

investment 

planning 

purposes is GDN 

specific.  

£ 16,000,000  Should be 

reviewed and 

updated as part of 

RIIO -3 CBA and 

NARM target 

setting.  
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Paramet

er  

Paramete

r 

Descriptio

n  

Commo

n to 

Sector 

of 

License

e 

Specifi

c 

Reference 

to 

Methodolog

y  

Rationale for fixing over RIIO -

2  

Is this 

parameter 

updated for 

investment 

planning 

purposes?  

Units  Fixed 

Values* 1  

Next Proposed 

Review and/or 

Update  

Discount 

Rate  

Financial 

discount 

rate  

Licensee 

Specific  

3.7.2 Global 

Values  

Are values outside of GDN control 

and should be fixed as they are 

not affected by intervention. Non -

intervention risk changes would 

not be the appropriate 

mechanism for handling changes 

in this parameter due to the 

impact and level of control that 

GDNs have over them, discount 

rat es to be applied would be 

determined by Ofgem.  

The decision on 

whether this is 

updated for 

investment 

planning 

purposes is GDN 

specific.  

%  0 Should be 

reviewed and 

updated as part of 

RIIO -3 CBA and 

NARM target 

setting.  
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Paramet

er  

Paramete

r 

Descriptio

n  

Commo

n to 

Sector 

of 

License

e 

Specifi

c 

Reference 

to 

Methodolog

y  

Rationale for fixing over RIIO -

2  

Is this 

parameter 

updated for 

investment 

planning 

purposes?  

Units  Fixed 

Values* 1  

Next Proposed 

Review and/or 

Update  

Base 

Price Year  

Base Price 

Year  

GDN  3.7.2 Global 

Values  

Are values outside of GDN control 

and should be fixed as they are 

not affected by intervention. 

Although they are considered in 

investment decisions,  they 

typically are not the main driver. 

Non - intervention risk changes 

would not be the appropriate 

mechanism for handling changes 

in this parameter due to the 

impact and level of control that 

GDNs have over them. There are 

also practical issues as this 

parameter affects all GDNs as it is 

a 'common' value, therefore a 

common consensus has to be 

made which is di fficult to 

implement when the parameter 

has already been agreed by the 

group.  

The decision on 

whether this is 

updated for 

investment 

planning 

purposes is GDN 

specific.  

Year  2018/19  Should be 

reviewed and 

updated as part of 

RIIO -3 CBA and 

NARM target 

setting.  

Table 20 -  Fixed Parameters for NARM GDN Methodology  (Aligned to GD2)  
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This section summarises model and methodology improvements made since NOMs went live in 2017. Areas for future exploration  are  listed  

in appendix I  and will be annually reviewed by SRWG . This section will be updated for each new price control period.  

Since NOM conception and development in RIIO1, we have reviewed our methodology for improvement opportunities and for weaknes ses.  

In RIIO1 we focused on addressing key weaknesses identified following implementation of the first version of the NOMs models.  

The first significant challenge was forecasting of failure and subsequent consequence for Local Transmission System (LTS) pip elines. It 

became clear in 2018 that the model results needed review. We employed leading UK experts, PIE (Pipeline  Integrity Engineers Ltd) ,  a 

professional pipeline engineering consultancy  to undertake a model review and suggest improvements. These were accepted and 

implemented in 2018  

In 2019 the SRWG reviewed the riser risk model. This was due to a shared view that riser risk was underrepresented in the NOM ôs 

calculations. This resulted in a number of changes to modelled assumptions and to failure data. The result were risk levels t hat  were more 

comparable to risk levels of other asset groups, as experienced in reality  

In 2019 we adopted and implemented the revised NOMôs methodology, NARMs. We applied NOMôs modelling to the NARM framework and 

tables, submitting NARMs Business Plan Data Templates (BPDTs) to Ofgem in December 2019.  

In 2022, following RIIO2 Final Determinations and embedding the new NARMôs approach, SRWG conducted a full review of our methodology 

in parallel with an Ofgem review. Results were compared and a list of proposed improvements were agreed. These were labelle d as category 

1 or 2.  

Category 1 improvements were implemented and methodology updated by November 2023. Category 2 improvements and methodology 

updates are being completed in 2024 in readiness for RIIO3 Business Plan submission. This includes the development of a long term ris k 

methodology, a substantial change to GDN NARM. This required external expert support, a validation and assurance process and significant 

modelling and methodology updates.  

Details of the 2022 ï 2024 category 1 and 2 improvements can be found in appendix J 
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7.  Long Term Risk and Network  Risk Outputs  

This section of the document outlines the general approach taken for the calculation of long - term 

monetised risk benefits associated with asset health investments. Where this approach differs 

between asset classes  it will be discussed in the relevant Appendix.  

 

This section  outlines the GDN approach for calculating the long - term monetised risk benefit (LTRB, 

or LTR) arising from alternative asset interventions. GDNs had developed the capability to 

undertake LTR calculations for the GD2 price control submission, but due to uncertainties  in some 

of the asset deterioration assumptions, only a single -year monetised risk benefit  target  was 

adopted  for GD.  Improvements have been made to how deterioration  rates  are  estimated for 

Governor and PRS/Offtakes assets and Mains and Services deterioration rates have been 

recalculated using a further 7 yearsô worth of data since the previous Methodology submission , 

accounting for mains re placement activity carried out over this period.  

The LTR calculation uses different time -periods for cumulative intervention benefit  assessment s, 

based on the asset type and scale of the specific intervention adopted. This provides  a basis for:  

¶ Comparing the costs and monetised risks  of alternative interventions  over a longer period,  

prior to regulatory submissions.  

¶ Allowing the benefits delivered through funded investments to be tracked and enable 

regulatory rewards and/or penalties to be applied in a consistent and quantified manner 

(across gas networks and other energy sectors).  

 

Term  Definition  

Monetised Risk (£MR)  The absolute level of risk, expressed in 

monetary terms in a reporting year. 

Generally, increases with deterioration and is 

reduced by proactive investment. Is split into 

different risk categories for reporting 

(Financial, Environment, Safety and System).  

Long Term Risk (£LTR)  The cumulative monetised risk, pre -  and post -

intervention for a specific asset and 

intervention type.  

Intervention Life  Should an intervention be implemented, the 

elapsed time until another intervention (of 

any type) is needed on the same asset.  

Long Term Risk Benefit (£LTRB)  The difference between the pre -  and post -  LTR 

over the Intervention Life, for a specific asset 

and intervention.  

 

There are five key data requirements to enable the LTR of an investment (on a specific asset or 

grouped cohort) to be assessed:  
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¶ The rate of deterioration of the asset, pre -investment (assuming only reactive 

interventions are carried out to maintain condition ñas good as oldò. 

¶ The rate of deterioration of the asset, post - investment (assuming that the intervention 

has extended the life of the asset and reduced the rate of deterioration).  

¶ The reduction in the probability of failure of the asset, post intervention (for each failure 

mode associated with the asset).  

¶ The time (number of years) until a subsequent intervention is required on the same asset 

(or life of an intervention). This could be a further refurbishment, or replacement but the 

nature of this subsequent intervention is not relevant.  

¶ The financial discount rate, which allows investment costs and benefits to be compared on 

equal terms (through a simple benefits/cost ratio), This has a secondary effect of devaluing 

benefits in later years of the analysis (as a surrogate for uncertainty o f benefits delivery 

in the future).  

A combination of these data requirements allows an LTR  value to be calculated for all assets and 

investments and these to be aggregated or disaggregated as required for planning, benefits 

tracking, and regulatory reporting.  

This document describes a generic approach for LTR calculation for all asset types which will allow 

configuration of Asset Risk Decision Support Tools (DSTs). It also identifies what new asset and 

investment level data that needs to be provided to enable t his process ( Figure 28 ).  Please note 

that the reference to ñOther Non-NARM Consequencesò is to allow for future changes to the 

Methodology, for example to include the societal costs and benefits of disruption to transportation 

(due to work in the highway etc.).
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Figure 28  -  Overview of LTR calculation process
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This section describes the process using the steps shown in Figure 28 . A simple worked example 

has been produced covering mains replacement and refurbishment (by material type) showing 

how different deterioration and intervention life assumptions can impact on LTR. This is referenced 

throughout this section . 

Please note, the examples presented in this, and subsequent questions are for 

illustration purposes only and do not represent real network data.  Monetised risk values, 

deterioration rates and intervention benefits for the example shown are arbitrary.  

The example includes model simulations from 2026 to 2074, with a single intervention in 2030 

(no subsequent intervention). For LTR assessment, model runs will be needed corresponding to 

the maximum identified life of an intervention. It is currently assume d that this will be no greater 

than 50 years..  

The outlined  LTR calculation is similar  for all asset types, as DST risk  modelling tools can already 

calculate, and report on, the annualised monetised risk values for the four NARM risk reporting 

categories (Financial. Environment, Safety and System).  

 

All GDNs have developed asset r isk calculation and optimisation models, and specific  asset units 

of measure have been defined for NOMs/NARMs reporting and processes are in place to group 

from individual asset/system to these defined reporting cohorts. Some  networks calculate risk at 

asset level, prior to cohorting, whereas others aggregate to cohorts prior to calculating ri sk. The 

outlined approach will work for both if the impact of averaging is considered during the cohorting 

process.  

Asset r isk models should be run to reflect the proposed programme of work, plus any alternative 

options. This could be through optimisation or by submitting a pre -defined works programme and 

then reporting on how this changes risk over time. Ideally, multiple dif ferent works programmes 

(for example, different blends of replacement and refurbishment), should be analysed to 

understand the sensitivity to investment costs and business targets/outcome assumptions.  

 

The first stage in LTR calculation is to understand how the value of risk changes over time 

assuming only reactive interventions are conducted  (for example, repairs and planned 

maintenance).  

As previously described,  GDNs split risk into 4 categories for use in NARM reporting). These are:  

Financial Risk  ï cost incurred by the network in managing its assets . 

Safety Risk  -  the costs of mitigating health and safety impacts of asset failure on employees and 

the public , including fines or penalties .  
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Environmental Risk  ï the costs of environmental damage due to inefficient asset operation 

and/or failure 2 

System Risk  ï the costs of a loss of gas supply to customers, including customer contact  handling   

and supply restoration costs . 

Where the deteriorating condition of assets increases the costs of planned maintenance activities 

this may be considered as Financial Risk for LTR assessment.  

The first stage of LTR assessment is to calculate an annual Monetised Risk value (£MR) for each 

of these categories as a baseline for benefits calculation, for reactive -only  interventions (fix -on-

failure).  

 

 

Figure 29  -  Monetised Risk by year for reactive interventions only .  

 

An identical process is then followed  for all  the relevant NARM interventions for each asset class. 

This requires the intervention (or alternative) and intervention benefits to be configured in asset 

r isk modelling tools. Where new interventions are identified, or where changes to existing 

interventions are needed,  these will need to be configured and evaluated  prior to LTR analysis.  

Figure 30  and Figure 31  show how the intervention reduces the monetised risk and deterioration 

rate for a Replace and Refurbish intervention, respectively. It can be seen that the Replace option 

delivers both a higher reduction in PoF and deterioration rates. For LTR assessment, all 

 

2 Where the environmental costs of asset operation are fixed, they are generally excluded from LTR (for 

example, travel to site or routine maintenance such as valve operations)  
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interventions are assumed to take place in the same year ( the final year  of the GD period) as per 

Ofgem guidance . 

 

Figure 30  ï Monetised risk with Replace intervention in 2030  

 

 

Figure 31  -  Monetised Risk with a Refurbish intervention in 2030  

An annual monetised risk value (£MR) for each of these categories post - intervention is calculated 

for each intervention type over the same time period (the life of an intervention is not relevant 

at this stage). The intervention is assumed to occur in the last year of the GD period, 2030 in this 

case with the first benefit being observed in 2031, regardless of when the actual intervention 

takes place during the GD period. This is in line with Ofgem guidance. For simplicity it is 
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recommended that discounting of costs and benefits also takes place from this final year, which 

may result in some minor misalignment with other cost -benefit analysis (CBA) which may use 

different price base years.  

Please note, this is not Long -Term Risk at this stage; it is just the absolute level of risk expressed 

in monetised risk terms, pre -  and post -  alternative investments (£MR).  

 

The NARMs i ntervention  life, or  the  life of a  (NARM) intervention, is the core principle underpinning 

the LTR approach . For assets/interventions with large benefits (either due to a large reduction in 

PoF and/or reduction in deterioration, post - intervention), an appropriate and justified  choice of 

the value of the NARM intervention life is essential.  

It is important to distinguish this value which has been defined to support the NARM incentive 

mechanism from the ñaccountingò asset life (which is used for asset depreciation analysis) . It is 

also an Expected Value and individual assets may require intervention before or after this stated 

NARM intervention life period.  

A key principle of the N etwork Risk Output (NRO) approach requires  that a  specific intervention 

type , on a specific asset type  has a defined (and fixed) period  until the next intervention is 

needed on the same asset . From an asset management perspective this is clearly flawed as 

some assets will deteriorate quicker than others, random failures will happen, and other factors 

(such as resources/budget or policy) will result in earlier or later intervention than the fix ed 

intervention period defined by the NARM approach. As stated previously, the LTR calculation 

process does not need to consider the size or scale of any subsequent in tervention, beyond the 

current GD period.  

To achieve this, a fixed NARM intervention life  must be  estimated and fixed in the NARM 

Methodology. The choice of intervention  life is sensitive to the calculated LTR values, and this 

sensitivity has been explored through the Testing and Validation process . These calibrated 

intervention lives are defined in the relevant Appendix for each asset type and will be under 

ongoing review as part of annual Methodology reviews.  However, changes will only be made as 

party of price control submissions to avoid the need to rebase targets within a price control period.  

For the purposes of the worked example the following intervention  life values are used. A specific 

value will be stated  for each asset and intervention type.  

Asset  Intervention  Life  

Mains  Replace  45  years  

Refurbish  25 years  

Table 16  ï Intervention l ives for worked example  

Figure 32  and Figure 33  illustrate  how the defined intervention life caps the value of the LTR 

based on the monetised risk profile, pre -  and post - intervention , for a Replace and Refurbish 

intervention, respectively.  
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Figure 32  -  LTRB for Replace intervention (cumulative over 45  years)  

 

 

Figure 33  -  LTRB for a Refurbish intervention (cumulative over 25 years)  

For the replacement and refurbishment interventions shown, Replacement clearly delivers more 

LTR as:  

¶ The intervention benefit persists for longer ( 45  years, versus 25  years for Refurbishment).  

¶ The magnitude of the PoF and deterioration is greater, increasing the size of the area 

between the with -  and without - intervention lines.  



 

Version 6 ï February 2026   

Page 84  

 

A final decision as to which is the better option to choose requires consideration of both the 

delivery costs and the true timing and size/scale of any future (repeating) interventions (using a 

traditional cost/benefit analysis).  

 

The LTRB delivered is the cumulative difference between the reactive -only monetised risk value 

and the monetised risk value post - intervention.  

These cumulative post - intervention monetised risk values are  subtracted from the cumulative 

reactive -only monetised risk values over the same period  (45  years for replacement; 25  years for 

refurbishment). So, for a specific asset (or cohort) and Intervention the calculation would be:  

ὒὝὙὄ ὍὲὸὩὶὺὩὲὸὭέὲ 2Ζ

  

 

ὙὩὥὧὸὭὺὩ έὲὰώ 2ΖὍὲὸὩὶὺὩὲὸὭέὲ

  

 

 

Where £LTRB is the LTRB for the specified intervention; R£ (Reactive only)  is the yearly monetised 

risk value for the reactive -only scenario; and R£ (Intervention)  is the yearly monetised risk value 

for the specified intervention scenario. Int Start is the start year for counting risk benefits (end 

of GD period) and Int Life  is the intervention life.  

 

Discounting is the process of determining the present value of a payment or a stream of payments 

that is to be received in the future (or in this case benefits of investment). Given the time value 

of money, a pound is worth more today than it would be wort h tomorrow. Discounting is the 

primary factor used in pricing a stream of tomorrow's cash (or benefits) flows. Discounting for 

LTR monetised benefits ñcashò flows is stipulated by Ofgem to account for benefits delivery 

becoming increasingly uncertain over time. Its application is identical to that used for traditional 

cost benefit analyses.  

A discount rate is used to calculate the magnitude by which  benefits are devalued over time. 

Discounting to the LTR is applied in accordance with the NARM Handbook and Ofgem guidelines.  

Asset risk  modelling tools typically allow both discounted and undiscounted values to be reported 

directly. Care should be taken not  to discount twice (for example, build discounting into a 

risk/value calculation and then allow the Asset Risk tool to discount again when a report is 

generated.  

The discounted LTR value  is calculated for each time step using the following equation.  

ΖὒὝὙ ὨὭίὧέόὲὸὩὨ 
ΖὒὝὙόὲὨὭίὧέόὲὸὩὨ

ρ ὈὭίὧέόὲὸ ὙὥὸὩ     
 

Where the Current Year is the year the LTR value is to be calculated for and the Benefits  Year is 

the first year that the benefit is delivered (this is the end GD period year for LTR). To give an idea 

of how quickly the discounting process devalues the LTR value, Figure 34  shows the value of the 

divisor as time progresses, using 2025 as the Benefits Year (as per GD1) . 
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Figure 34  -  Discounting factor based on a Benefits  Year of 2025 and a Discount Rate of 3.5%  

By 2074, the value of benefits is reduced by a factor of nearly 6. This process is repeated for each 

of the risk categories and then summed to give the overall LTR for the asset and intervention 

type.  

The Unit Cost of Risk Benefit (UCR) for each intervention would then be calculated by dividing the 

investment costs (to deliver the above LTRB) by the R£LTRB value. All costs and benefits must 

be stated in the same price base  and both the costs and the benefits would be applied from the 

final year of the price control  for reporting purposes , unless modified by Ofgem. The rationale for 

this approach was to stop potential gaming  of UCR by backloading programmes relative to original 

plan / targets to capture g reater benefits due to deterioration.  The present value of the LTRB 

should  be consistent with the costs due to the use of the same price base and discounting.  

 

The process to be adopted for the calculation of Long -Term Risk (LTR) benefits aligns to the 

Ofgem definition of a Network Risk Output (NRO), taken from the NARM Handbook.  

The NARM Handbook (Appendix 1, page 19) defines the Network Risk Output as:  

The risk benefit delivered or expected to be delivered by an asset intervention, and: is the 

difference between without intervention and with intervention Monetised Risk; can be 

measured over one year or over a longer period of time ; and includes both direct (i.e., 

on the asset itself) and indirect (i.e., on adjacent assets or on the wider system) risk benefit.  

Previous versions of the Methodology capped  monetised risk benefits to a single year due to lack 

of confidence in the longer - term monetised risk forecasts, with -  and without - intervention. The 

purpose of this GDN LTR project is to improve these risk deterioration estimates and  define the 

period  by which these benefits persist before  a subsequent intervention is needed on the 

same asset . This is subsequently referred to as the life of an intervention  or intervention 

life . 
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An example of the use of the intervention life to calculate the LTR metric would be where an asset 

is periodically refurbished (e.g., painted), but ultimately replacement would be needed. This could 

be due to 1) costs/benefits of replacement outweighing co sts/benefits of ongoing refurbishment; 

2) inability to continue to refurbish due to asset obsolescence or changing policy/legislation 

drivers 3) other justified drivers. The life on an intervention in this case is either:  

¶ The time between subsequent refurbishments.  

¶ The time between the final economic/feasible refurbishment and asset replacement.  

The choice of an investment strategy for a specific asset (or group of assets) is part of the periodic 

investment planning cycle and is beyond the scope of this Methodology . The selected investment 

may be accompanied with a NARM regulatory output, and this is quantified using:  

¶ The change in risk post - intervention.  

¶ The change in the rate of deterioration post - investment.  

¶ The life of the intervention, which in accordance with the NRO definition, is the period  over 

which the monetised risk benefit cumulates before a subsequent intervention is 

implemented.  

 

The list of interventions listed in the current Methodology has been reviewed. A full list for each 

asset type has been updated in the relevant Appendices  (A -F) . There are two categories of 

intervention defined:  

¶ With Intervention  ï these interventions generate  a change in asset  risk and  

deterioration through an improvement in overall asset condition (and performance) 3. 

¶ Without Intervention  ï these are generally interventions that maintain the asset at the 

current level of condition/performance and/or are surveys /investigations to   assess asset 

condition and prioritise ñproactiveò work. This includes reactive repairs, to return the asset 

to its ñgood as oldò condition/performance, and planned maintenance. 

Interventions to be applied for LTR assessment are restricted to With Intervention  only . Without 

Intervention activities are assumed to only apply to Financial Risk and are either non - time -varying 

or changes over time are not asset condition related.  

 

Assets  are not intervened upon at fixed intervals,  but  a decision is made based on a full 

assessment of asset performance , current/future risk , deliverability and intervention costs  by 

engineering experts and investment teams. It is essential that the assumptions underpinning LTR 

are clearly defined, tested, and fixed, such that specific asset/intervention combinations do not 

over -  or under -estimate the cumulative monetised risk bene fits and distort the NRO targets  in 

the real world of asset investment decision -making and delivery.  

This is further discussed in the Testing and Validation report.

 

3 Where condition is a lead indicator of future performance issues. Performance is a lag measure where 

actual faults/failures can be used to inform investment decisions on similar assets.  
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Appendix A ï Distribution Mains  

A main, that is to be recorded as such in the asset record, is a below ground pipe, laid as an 

extension of, or change to, the system that supplies, or has the capability to supply, more than 

2 primary meter installations operating below 7 bar gauge.  

A2.1.  Distribution Mains Failure Modes  

As per the process in section 3.4 , t he following Failure Mode s have been identified for Distribution 

Mains.  Failure modes were identified through a number of workshops with asset experts and 

through careful analysis of available data held by companies to assess and quantify the rate of 

failures and future asset deterioration.  

¶ Capacity failure ï where the pipe network is under -sized to meet demand  

¶ Corrosion failure  ï failure of the pipe due to corrosion. Corrosion occurs on metallic 

pipes due to the presence of moisture either on the inside or outside surface of the 

pipe.  

¶ Fracture failure  ï failure  of the pipe due to fracture. This principally affects cast iron 

pipes.  

¶ Interference failure ï for example 3rd party damage  

¶ Joint failure  ï failure of the pipe due to joint failure.  

¶ General emissions ï background leakage or shrinkage from the pipe network  

Values are typically expressed in number of f ailures per kilometre of pipe.  

A2.2.  Distribution Mains Consequence Measures  

As per the process in section 3.5 , the following consequence measures have been identified for 

Distribution Mains.  

¶ Gas escape  

¶ Gas in buildings  

¶ Supply interruption  

¶ Loss of gas  

¶ Water ingress  

¶ Explosion  
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A2. 3 . Distribution Mains Risk Map  

 

Figure A -  1  -  Risk Map Key  

Figure A -1 outlines the risk map key for Distribution Mains . The risk map is colour coded for each 

node of the event tree to indicate which values are associated with each node . The colours are 

reflected in both the risk map and risk map template in Figures A2 and A3.  

 

 

Asset Data  

Explicit Calculation  

Consequence  

Financial outcome (monetised risk)  

Willingness to pay/Social Costs (not used)  

System Reliability (not used)  

Customer outcome/driver  

Carbon outcome/driver  

Health and safety outcome/driver  

Failure  Mode  
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As per the process described within S ection 3.5  of the main methodology , the risk map for Distribution Mains is shown below:  

Figure A -  2 -  

Distribution Mains Risk Map  
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A2.4 . Distribution Mains Risk Template  

The following table demonstrates how the total risk value is derived for any given Mains  cohort. 

An individual, populated risk map is developed for every cohort to  be modelled to deliver a 

baseline monetised risk value prior to intervention modelling.  

 

Figure A -  3   -  Distribution Mains Risk Map Template  
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A2.5 .  Mains Data Reference Library  

In line with S ection 3. 7 of the main report , the following table provides  a brief description of the 

risk nodes modelled in the Event Tree, the source of the data and/or a high level description as 

to how the values were derived and a flag to indicate whether the data will be provided individually 

by each GDN or through common/shared analysis .  Demand mix generation is a longer - term  

evolutionary piece which GDNs will need to consider due to the inherent adjustment to baseline 

monetised risk as a result of cu stomer demand changing . Customer number updates can be 

reflected in the modelling base data that supports asset investment decision making, therefore it 

can be undertaken periodically where required. A customer base data refresh will be undertaken 

after the completion of the cu rrent GD2 price control and at the completion of later price controls 

as net zero impacts effect methane gas distribution use . 

Node ID / Variable  Description  Data Source  Source  

Capacity  Probability of 

capacity issues  

Data taken from 

company systems.  

GDN 

Specific  

Carbon_Loss_Of_Gas  m 3 of carbon 

equivalent 

(CO2e) arising 

from loss of gas  

Carbon Loss of Gas = 

relative density x 

carbon equivalent. 

Value calculated by 

each GDN based on 

actual gas composition 

in the network  

GDN 

Specific  

Complaints  Number of 

customer 

complaints  

Data taken from 

company systems.  

GDN 

Specific  

Corrosion  Frequency of 

corrosion failures  

Adjustment or 

development of 

statistical models 

developed for each 

Failure Mode by 

segmenting historical 

failure data (for 

example; by 

Diameter, Material, 

Pressure Class, Age 

and Distribution 

Zone). These are used 

to assign a pipe -

specific initial failure 

frequency, which is 

used as th e starting 

point for deterioration 

analysis.  

Deterioration  of this 

initial failure rate can 

GDN 

Specific  
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Node ID / Variable  Description  Data Source  Source  

be estimated for each 

Failure Mode and 

Material using the 

statistical relationship 

between estimated 

pipe failure rates and 

installed Age.  

Death_Major  Number of deaths 

or ma jor injuries 

given an 

explosion  

0.45 Value based on 

research values 

(Newcastle University)  

Common  

Explosion  Probability of 

explosion given 

gas ingress  

Data taken from 

company systems.  

GDN 

Specific  

F_Capacity  Cost of 

responding to 

capacity issues 

(not e:  this is not 

the cost of 

resolving 

capacity issues)  

Data taken from 

company systems.  

GDN 

Specific  

F_Complaints  Cost of handling 

customer 

complaints  

Data taken from 

company systems 

where available, or a 

default/assumed value 

agreed with SRWG  

GDN 

Specific  

F_Conditioning  Cost of 

conditioning of 

iron pipes  

Data taken from 

company systems.  

GDN 

Specific  

F_Fracture  Average cost of 

repairing a 

fracture  

Data taken from 

company systems. A 

statistical model can 

be used to relate unit 

cost to pipe diameter.  

GDN 

Specific  

F_Joint  Average cost of 

repairing a joint  

Data taken from 

company systems. A 

statistical model can 

be used to relate unit 

cost to pipe diameter.  

GDN 

Specific  

F_Leakage_mgm  Cost of leakage 

management per 

unit length  

Data taken from 

company systems.  

GDN 

Specific  

Common  



Appendices -  Detailed Asset Assessments  
 

Version 6 ï February 2026   

Page 94  

 

Node ID / Variable  Description  Data Source  Source  

Nil costs reported for 

services. Cost of 

leakage management 

(e.g. profiling) 

captured under 

Governors model  

F_Legal_Penalty  Cost of legal 

enforcement and 

penalty 

payments 

following 

ignition/explosion  

£1m Default/assumed 

value agreed with 

SRWG based on 

historical incidents.  

Common  

F_Repair  Average cost of a 

general repair 

due to corrosion / 

Interference  

Data taken from 

company systems. A 

statistical model can 

be used to relate unit 

cost to pipe diameter.  

GDN 

Specific  

F_Survey  Cost of  MRPS 

survey of iron 

pipes, assume 

survey every 5 

years  

Data taken from 

company systems.  

GDN 

Specific  

F_TMA_Order  Cost of 

compliance with 

local authority 

traffic 

management 

order  

Data taken from 

company systems.  

GDN 

Specific  

F_Water_Ingress  Cost of water 

ingress  

Data taken from 

company systems.  

GDN 

Specific  

Fracture  Frequency of 

fracture failures  

As per Corrosion , but 

for fracture failure 

mode  

GDN 

Specific  

Gas Escape  Gas Escapes due 

to corrosion, 

fracture, 

interference or 

joint failure  

Value of 1 used as a 

multiplier to enable 

the 

grouping/summation 

of the probability of 

corrosion, fracture, 

interference and joint 

failures  

Common  
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Node ID / Variable  Description  Data Source  Source  

General Emissions  Leakage  Consistent with 

NLRMM leakage 

models  

Common  

GIB_Fracture  Probability of gas 

ingress given 

failure ï Fracture  

Data taken from 

company systems.  

GDN 

Specific  

GIB_Interference  Probability of gas 

ingress given 

failure ï 

Interference  

Data taken from 

company systems.  

GDN 

Specific  

GIB_Joint  Probability of gas 

ingress given 

failure ï Joint 

Failure  

Data taken from 

company systems.  

GDN 

Specific  

Interference  Frequency of 

interference 

failures  

As per Corrosion , but 

for interference node  

GDN 

Specific  

Joint  Frequency of 

joint failures  

As per Corrosion , but 

for joint node  

GDN 

Specific  

Loss_of_Gas  M3 of gas lost 

from a failure or 

failure mode  

Taken from standard 

gas industry leakage 

models. Linear 

extrapolation utilised 

for Intermediate 

pressure for which no 

data currently exists  

Common  

Minor  Number of minor 

injuries given an 

explosion in a 

property  

1.0 Default/assumed 

value agreed with 

SRWG consistent with 

RIIO GD1 CBA 

analyses  

Common  

P_Complaint_Capacity  Probability of 

customer 

complaints given 

a network 

capacity issue  

Data taken from 

company systems.  

GDN 

Specific  

P_Complaint_Escape  Probability of 

complaints given 

a failure has 

occurred  

Data taken from 

company systems.  

GDN 

Specific  
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Node ID / Variable  Description  Data Source  Source  

Property_Damage  Number Level of 

property damage 

given explosion  

Default/assumed 

value agreed with 

SRWG consistent with 

RIIO GD1 CBA 

analyses  

Common  

Props_Com_Large  Number of large 

commercial 

properties 

affected by 

supply 

interruption (C3 

and C4 type 

properties , i.e. 

Hotels, 

Pubs/clubs, 

restaurants )  

Data taken from 

company systems 

based on either 

network analysis or 

assumptions based on  

proportion of property 

types.  

GDN 

Specific  

Props_Com_Small  Number of small 

commercial 

properties 

affected by 

supply 

interruption (C1 

type properties , 

i.e. shops and 

offices )  

Data taken from 

company systems 

based on either 

network analysis or 

assumptions based on  

proportion of property 

types.  

GDN 

Specific  

Props_Critical  Number of critical 

properties at risk 

of supply 

interruption  (C2 

and I2 type 

properties, i.e. 

schools, 

hospitals, firm 

industrial)  

Data taken from 

company systems or 

assumed based on 

network/geographic 

analysis and  

proportion of property 

types.  

GDN 

Specific  

Props_Domestic  Number of 

domestic 

properties at risk 

of supply 

interruption  (D1 

type properties)  

Data taken from 

company systems or 

assumed based on 

network/geographic 

analysis and  

proportion of property 

types.  

GDN 

Specific  

Supply Interruptions  Probability of 

supply 

interruptions 

Data taken from 

company systems.  

GDN 

Specific  
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Node ID / Variable  Description  Data Source  Source  

given a failure 

has occurred  

Water_Ingress  Probability of 

water ingress 

given a failure 

has occurred  

Data taken from 

company systems.  

GDN 

Specific  

Table A -  1  -  Distribution Mains Data Reference Library  
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A3.1.  Distribution Mains Base Data  

For a number of years a common risk process has been used within the UK gas industry driven 

from the  need to manage the risks from iron m ains. This methodology builds upon this long 

standing pipe based data set to feed into the new risk  assessment  process. The data used includes 

(but is not limited to) :  

¶ Pipe length  

¶ Diameter  

¶ Material  

¶ Distribution Zone  

¶ Pressure Tier  

¶ Installation date  

All of these data sets can be used to create Asset Cohorts to be used for investment and reporting 

purposes. The Distribution Mains risk models have been developed from pipe asset level data, 

held in company GIS systems. It should be noted that the Mains and Services risk models are 

very similar. It has been decided to retain them as separate models for risk assessment  purposes, 

but they could be combined in the future to simplify reporting.  

An example of d ata input format is shown below:  
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Table A -  2  -  Example of the base data format for the Mains risk models showing individual pipe level information.  

Please note all columns used in the base data are not shown.  
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A3.2 . Distribution Mains Probability of Failure Assessment  

There are many ways that asset failure rates can be statistically derived. An example that has 

been applied for NGN distribution mains modelling is described below, but this methodology could 

be GDN specific given suitable data holdings.  

For Distribution Mains analysis has been carried out to determine the underlying relationship 

between mains attributes and the observed PoF . This failure data recorded not only the failed 

asset but the Failure Mode . The process involves the identification of statistically significant 

ñexplanatory factorsò that influence the underlying rate of failure and the derivation of  a 

mathematical relationship between the PoF and the explanatory factors for each Failure Mode . In 

statistical terms this is described as a counting process regression model.  

Because the Mains failure data has been referenced to individual (failed) pipes, this enables the 

data to be split by key explanatory factors to derive the initial PoF for each Failure Mode . The 

explanatory factors include:  

Å Asset age/installation date bin/decade  

Å Diameter  

Å Material  

Å Pressure class  ï low pressure (LP) 0- 75mbar, medium pressure (MP) 75mbar - 2bar, or 

intermediate pressure (IP) 2bar -7bar .  

Å Distribution Zone ï zonal distribution area for the transportation of gas. Distribution 

Zones will vary according to each individual GDN.  

Although other mains characteristics are available, engineering experience suggests that these 

are the most likely explanatory factors that influence variations in the initial rate of failure (and 

deterioration). If other significant factors that influence  failures are identified (e.g. 

weather/temperature), and can be related to the base asset data, the statistical model can be 

adapted to accommodate them.  

An example for mains j oint failures is shown in the graph below. The PoF (Failure Rate)  is on the 

y-axis and the key attributes on the x -axis. This shows the variation in PoF based on the modelled 

explanatory factors . Install bin (decade) , which is effectively the pipe age, shows  the most 

variation and PoF increases  with age.  
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Figure A - 4  Initial Joint failure rates for Mains by asset cohort. This illustrates the explanatory factors explored in deriving the pred ictive 

function.  

The height of the bars indicates the contribution of each explanatory factor to the overall predicted Joint failure rate.  
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Using the statistical analysis above a functional relationship was developed between the PoF and 

asset characteristics as follows.  

PoF = Function (Install Decade, Diameter, Material, Pressure, Distribution Zone)  

From this analysis we can calculate a starting PoF for any pipe, or cohort of pipes, in the network 

by using the relevant coefficients for each pipe and the functional relationship above . The units 

are number of failures per year per pipe length  (Km) . T he derived coefficients will be  GDN specific  

(Option A)  except for when insufficient data exists to derive useful predictive functions. If this is 

the case then pooled data  may be used (Option B).  

Functional relationships (using the same explanatory factors) are then developed for each of the 

Failure Mode s:  

¶ Joint  failure  

¶ Interference (no age relationship modelled)  

¶ Corrosion  

¶ Fracture  

The  derived PoF relationship coefficients will vary between GDNs and should be revisited on a 

regular basis as new failure data is collected. Asset age is used later as a continuous variable (not 

an Install Decade as above) to inform the PoF deterioration ana lysis  (See section A2.3) .  

These initial PoF values are used as the starting point (Year zero) on the ñcurveò for deterioration 

analysis. Interventions to install new assets typically reset these initial failure rates to a near -

zero value.  

The PoF values for mains are derived directly from historic failure rates. Validation can be carried 

out in three ways:  

¶ Analysis of a different (longer) time series of data to test model sensitivity to the 

volume/time period of failure data assessed . 

¶ Appending a further period of data to test the sensitivity of the model to the addition of 

new data . 

¶ Inter -comparison of failure rates between GDNs to understand reasons for any material 

differences between failure rates for similar asset characteristics and Failure Modes . 

A3.3 . Distribution Mains Deterioration Assessment  

The mains asset deterioration analysis has been completely updated for this update to the 

Methodology. The previous analysis only used a single networkôs asset and failure data. For this 

new analysis, seven of the eight networks provided data, comprising:  

¶ Mains pipe data and attributes (from GIS). This was at individual pipe section level.  

¶ 10 years of failure data, by failure mode, allocated to individual pipe sections . 

A change to the analysis was that both live and abandoned pipe data (and associated historic 

failures) were included in the analysis. Abandoned pipe data is where the asset has been replaced 

with PE. Use of abandoned as well as live pipe data both increases the sample size and allows 

any performance differences between replaced and non - replaced assets (of a similar type) to be 

assessed.  Profiles of the time -varying asset failure data used in the analysis are shown in the 
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chart below.  The 10 year cut - off was applied as collected failures become sparse beyond this 

point (due to changes in company systems etc.).  

 

Figure A- 5  Observed failure numbers by year, for live and abandoned pipes  

Once the data was received from the seven participating networks, it was combined into a single 

repository and a data cleansing and gap - filling process implemented.  In total, over 4.5 million 

individual assets, with 72 attributes for each, were used in the analysis.  This process:  

¶ Identified and removed (or cleansed) any obvious bad data (e.g. PE mains installed in 1900).  

¶ Filled gaps in key attributes to be used for deterioration analysis, such as material, size,  and 

age.  

¶ Checked the failure to asset data allocation to ensure consistency across networks.  

¶ Pipes were grouped into material and age (decade) bandings to mitigate the impact of outlier 

assets and time -periods (such as the drop in repairs during COVID -10 lock -downs).  

Once this data preparation was completed, a series of statistical analyses were carried out to 

understand the underlying reasons for variations in failure rates between different network, 

material, and age asset groupings. Two models were prepared  for each mains failure model (Joint, 

Corrosion, Fracture,  and Interference) , a Polyethylene (PE) and non -PE model, with the following 

key statistical performance indicators :  

¶ Network / Distribution Zone . 

¶ Material . 
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¶ Diameter (size) . 

¶ Installation date (age) . 

¶ Pressure class . 

¶ Property density (various indicators) . 

An example of asset data profiling for Install Date is shown below.  

 

Figure A - 6 Length of asset by Install Date and Material type (all networks)  

Several other parameters were tested but  had no significance on observed failure rates . An 

example of the significance fits for Joint failures is shown below.  
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Figure A - 7 Joint failure rate predictor variables. A high percentage indicates a greater 

significance for prediction of joint failures per asset.  

Once the failure models were built and tested for each failure mode, the Install Date indicator 

was used to construct a deterioration model for each.  

It was decided to exclude all asset age data beyond 80 years as the failure rates of these pipes 

was judged to be unrepresentative. This is either due to incorrect age allocation or the fact these 

assets are unusually resilient compared to the wider population.  

Examples of  the Joint failures Non -PE and PE deterioration modelling curve fits are  shown below.  
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Figure A - 8  Predicted deterioration rates for Joint failures , by material type (non - PE assets)  

 

Figure A - 9 Predicted deterioration rates for PE Joint failures  

It should be noted that the derived deterioration rates are not from fitting an exponential equation 

to these curves, but from the failure model itself  which uses Install Date (age) as an input 

parameter  (DATE_INSTALL_BIN) . An example  model  for Joint non -PE failures is shown below:  
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The same model fitting process was carried out for Corrosion, Fracture,  and Interference failure 

models. Due to small sample sizes, it was not possible to split Fracture deterioration rates by 

material and a single rate for non -PE and PE materials  is used.  

The new deterioration rates are presented in the table below. The ñGlobalò failure rate has been 

replaced with an ñOtherò category, which includes smaller population of mains materials such  as 

Asbestos Cement (AC) and PVC.  The previous values are included in brackets for comparison.  

Material  Deterioration Rates  

Corrosion  Fracture  Joint  

Cast iron (CI)  2.1% (5.3%)   

5.0% (5.0%)  

2.9% ( 5.1% )  

Ductile Iron (DI)  3.0% (7.3%)  2.1% ( 4.9% )  

Spun Iron (SI)  2.1% (4.6%)  3.0% ( 4.3% )  

Steel (ST)  3.6% (7.9%)  1.4% ( 4. 1% )  

PE (PE)  0.0% ( 0.5% )  2.2% ( 0.5% )  1.1% ( 0.5% )  

Other  1.9% (2.0%)  5.0% (5.0%)  2.1% ( 2.0% )  

Table A -  3  ï New  Mains deterioration rates  (based on 7 networks data)  

With the exception of Fractures (which are similar) , the new deterioration rates are lower than 

previously estimated. This is partially due to a significantly larger sample size, which increases 

confidence in the analysis . However, this result could have been expected if the worst -condition, 

faster -deteriorating assets have been replaced through the ongoing mains replacement 

programmes . 

The values for PE assets are higher, but this is due to the new analysis calculating statistically 

significant deterioration rates  for PE failures , which was not possible with the previous single 

network analysis.  Corrosion is not a known failure mode for PE and as such a value of zero applied.  

The improved deterioration rates provide much greater confidence in the LTR results for mains, 

where monetised risk benefits of intervention will be accumulated for up to 50 -years.  

Interference rates were similar to those calculated previously (0.0078 per km, versus 0.006 per 

km) and do not deteriorate . 

7.13.1  A3.4 .  Distribution Mains Consequence of Failure Assessment  

There are many consequences of failure identified for the Distribution Mains Asset Group . These 

can be viewed in the risk maps and Data Reference Library in Section A2. 5. For simplicity each 

Consequence of Failure for mains has been categorised as Internal Costs, Environmental, Health 

& Safety or Customer consequences. Examples of Distribution Mains consequence modelling are 

also illustrated. The data source and derivation for all Costs of Failure are explained in the Data 

Reference Library.  
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A3.4.1.  Internal Consequence Costs  

This includes the internal costs of responding to or remediation of failures. These are generally 

derived from internal company financial systems. Examples include Joint, Corrosion or Fracture 

repair costs. Legal costs associated with Health and Safety Executive ( HSE)  or Customer 

consequences are also included as internal costs, as are the costs of managing work in the 

highway ( Traffic Management Agency ( TMA)  orders).  

A3.4.2.  Environment Consequence Costs  

Environmental consequences include the monetary value of product lost due to failures or leakage 

plus the shadow cost of carbon associated with failure or emissions. In particular, the shadow 

cost of carbon increases annually (and hence the consequence val ue increases) in line with 

government carbon valuation guidelines.  

A3.4.3.  Health & Safety Consequence Costs  

Health & Safety consequences are primarily associated with the damage caused by ignition 

following asset failure and subsequent entry into customer properties. The largest HSE 

consequence is associated with loss of life, but minor injury and property damag e are also 

considered.  

A3.4.4.  Customer Consequence Costs  

Customer consequences include compensation payments generated through loss of service 

caused by asset failure. These are categorised into Domestic, Commercial and Critical customers 

to account for the differences in the monetary value of these compensation  payments.  

A3.4.5.  Corrosion Consequences of Failure  

For a mains corrosion failure the assessed initial consequence is a loss of gas (PoC=1), which 

may lead to a gas in building (GIB) event (PoC=0.029). A GIB event may lead to an explosion 

(PoC=0.00076) which may lead to property damage (PoC=1), a minor inju ry (PoC=1) or a death 

(PoC=0.45). Each consequence is then assigned a monetary value (using the cost of consequence 

calculated as per Figure A8 .). Monetised risk is calculated for each consequence using the principle 

that monetised risk is the multiplicati on of probability of failure x probability of consequence x 

cost of consequence  (reference Section 2.1). The sum of all monetised risk relating to 

consequences of a gas leak due to corrosion is the monetised risk for the Corrosion Failure Mode.  

 

Figure A -  8  -  Modelled consequences and values for Mains Corrosion failure.  

Further consequences arising from a corrosion failure are calculated in a similar way e.g.  

¶ Supply interruptions  

¶ Loss of gas  

¶ Water ingress  

¶ Customer complaints  
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A3.4.6 . General Emissions Consequences of Failure  

For an emissions failure a simplified approach is adopted. The volume per kilometre per year is 

simply multiplied by the carbon value of the gas lost through emissions. This is then added to the 

retail value of the lost gas to give the monetised risk value  for the General Emissions Failure 

Mode.  

 

Figure A -  9  -  Modelled consequences and values for Mains General Emissions failure  

A3.5 . Distribution  Mains  Intervention Definitions  

Intervention activities can be flexibly defined within the monetised risk trading methodology by 

modelling the change in risk enabled by the intervention activity.  

Some interventions, such as replacing CI mains with PE, will reduce both the Probability of Failure  

and deterioration of the overall asset base, thus changing the monetised risk value over the life 

of the asset. This is called a With Investment  activity below.  

Other types of intervention may just represent the base costs of maintaining the asset at an 

acceptable level of performance (i.e. to counteract deterioration or where the consequences of 

failure are unacceptably high). This is called a Without Investment  activit y.   

Definitions of activities undertaken as part of normal maintenance (i.e. ówithout interventionô) and 

interventions for Distribution Mains  are listed below.  

óWithout interventionô activities:  

Å Gas conditioning  

Å Surveys  

Å Repairs following leakage/ingress  

óWith interventionô activities:  

Number  Description  Definition  

Intervention 1  Replacement  Replacement of Non PE main with PE main .  

Intervention 2  Decommissioning  Decommissioning/abandonment of existing main . 

Intervention 3  CIPP Lining  Decommissioning/abandonment of existing main 

(no replacement) .  

Intervention 4  Planned internal 

repairs (e.g. CISBOT ) 

Internal repair/refurbishment of mains e.g. joint .  

Table A -  4 -  Potential With -  and Without Investment interventions for Mains  

Intervention lives for Mains asset s for GD3 will be provided in the NARM GD3 BPDT template in 

Q3 2024 . The below table and methodology will be updated upon the final NARM submissio n.  

Number  Description  Intervention 

Life  

Rationale  

Intervention 1  Replacement    
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Intervention 2  Decommissioning    

Intervention 3  CIPP Lining  Removed , as no longer used.  

Intervention 4  Planned internal 

repairs (e.g. CISBOT  

ï cast iron sealing 

robot)  

  

A3.5 .1.  Mains Replacement Intervention Benefits  

The major benefits of replacing metallic pipes with polyethylene (PE) have been assessed to be:  

¶ A reduction in the rate of Joint, Fracture and Corrosion failure  

¶ A reduction in the rate of deterioration of Joint, Fracture and Corrosion failure  

The rate of failure of new pipes was assessed by analysing the NGN repair database for failures 

occurring on PE pipes that are less than 10 years old which allowed a Failure Mode specific value 

for the rate of failure following replacement to be assessed.  

The deterioration rate of the new PE following replacement will be very low, but non -zero. The 

deterioration rate for PE pipe , based on an analysis of 10 -years failure data from seven networks,  

was used to model the post - intervention PoF deterioration. Example values used to model post -

intervention PoF and deterioration (by Failure Mode) are shown below:  

Failure mode  PoF (new PE main)  

( Nr/km/year )  

PoF deterioration 

(new PE main)  

( per annum )  

Joint  0.0234  1.1 %  

Corrosion  0.00431  0.0 %  

Fracture  0.000879  2.2 %  

Table A -  5 4  -  Applied PoF and PoF deterioration for new PE mains  

The deterioration rates for CISBOT intervention are assumed to be the same for the underlying 

material of the main.
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A3.5 .2. Example Mains Replacement Interventions  

A detailed example of a Mains Replacement intervention is included throughout the main body of the report.  The process provides flexibility 

for all types of intervention to be modelled, including proactive maintenance activities such as modelling. This is achieved by defining 

Intervention Rules which are applied to the asset/cohort post - intervention. These usua lly reduce (but can add) to the overall monetised 

ris k value for the Asset Group or s ub -group.  

 

Figure A -  10  -  Example intervention plan for 20km pa mains replacement (CI with PE)  

Where Cohort Name is Material / Distribution Zone Reference / Mains Tier (dependent on risk and diameter)  
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Figure A -  11  -  Example pre and post intervention rules for the above mains replacement intervention (CI with PE)  

Where:  

Scalar_Corrosion ï is a scalar coefficient scaling modelled failures by corrosion to actual failures observed.  

Corrosion ï is the initial probability of failure of the main due to corrosion based on the factors described in Section A3.2.  

Material_Corrosion ï is the deterioration rate of the main failing by corrosion based on material type as described in Section A3.3.  

Scalar_Fracture ï is a scalar coefficient scaling modelled failures by fracture to actual failures observed.  

Fracture ï is the initial probability of failure of the main due to fracture based on the factors described in Section A3.2.  

Material_Fracture ï is the deterioration rate of the main failing by fracture based on material type as described in Section A3.3.  

Leakage Rate ï is the leakage rate as defined by the National Leakage Reduction Monitoring Model.  

Scalar_interference ï is a scalar coefficient scaling modelled failures by interference to actual failures observed.  

Interference ï is the initial probability of failure of the main due to interference based on the factors described in Section A3.2.  

Scalar_joints ï is a scalar coefficient scaling modelled failures by joint failure to actual failures observed.  

Failure ï is the initial probability of failure of the main due to joint failure based on the factors described in Section A3.2.  

Material_joint ï is the deterioration rate of the main failing by joint failure based on material type as described in Section A3.3.  

Corrosion_new_pipe ï is the initial probability of failure of a new PE main due to corrosion based on the factors described in Section A3.2.  

Corrosion_PE ï is the deterioration rate of a PE main failing by corrosion based on material type as described in Section A3.3.  

Fracture_new_pipe ï is the initial probability of failure of a new PE main due to fracture based on the factors described in Section A3.2.  

Fracture_PE ï is the deterioration rate of a PE main failing by fracture based on material type as described in Section A3.3.  

Joint_new_pipe ï is the initial probability of failure of a new PE main due to joint failure based on the factors described in Section A3.2.  

Joint_PE ï is the deterioration rate of a PE main failing by joint failure based on material type as described in Section A3.3.  
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Using the example above the pre - intervention CI Fracture rate can be seen to be 0.074 failures/km/year prior to replacement with PE and 

0.001 failures/km/year post replacement.  
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Appendix B  ï Services  

A Service, that is to be recorded as such in the asset record, is a pipe from a main up to and 

including the outlet of the 1st Emergency Control Valve (ECV) to an individual meter installation. 

This definition may occasionally include a dual service, supplyin g up to 2 primary meter 

installations in one or two buildings, with no other potential connections. The elements of a service 

include :  the connection fittings to the main; service valves; bends; above ground sleeves; service 

entries; service  termination  fittings; elbows and the ECV / Customer control valve.  

A pipe laid as a service to a large industrial premise might be suitable for re -designation as a 

main if subsequent connections are required and the pipe has been tested to the appropriate 

mains standard. This would result in movement of assets from one as set component category to 

the other.  

For the purposes of the NARM methodology Services have been split into two types as follows 

based on simple size/diameter rules:  

¶ Domestic . Service pipes which are less than 63mm in diameter. There are no company 

records held of these individual services or their locations and characteristics have needed 

to be estimated (see B 3. below).  

¶ Non - domestic . Service pipes which are greater than 63mm in diameter. These tend to 

be feeding larger industrial/commercial premises. These larger services are recorded as 

individual pipes in company GIS systems (and have individual risk scores in MRPS). As 

such Non -domestic services are included as individual assets within the Service risk model.  

ñDomesticò is a naming convention used only to distinguish where services location/characteristics 

are estimated rather than held on company GIS systems . There will be some 

industrial/commercial properties with smaller diameter services which will be classified under 

ñDomestic ò.  

B2.1.  Services  Failure Modes  

The following Failure Mode s have been identified for Services . These are the same as for 

Distribution Mains. Failure modes were identified through a number of workshops with asset 

experts and through careful analysis of available data held by companies to assess and quantify 

the rate of failures and future asset dete rioration.  

¶ Capacity failure ï where the pipe network is under -sized to meet demand  

¶ Corrosion failure  ï failure of the pipe due to corrosion.  Corrosion occurs on metallic 

pipes due to the presence of moisture either on the inside or the outside  surface of the 

pipe.  

¶ Fracture failure  ï failure of the pipe due to fracture. As services are typically PE or 

steel , there is a relatively low probability of failure by this failure mode.  

¶ Interference failure ï for example 3rd party damage  

¶ Joint failure  ï failure of the pipe due to joint failure , principally where the  service joins 

the mains pipe.  
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¶ General emissions ï background leakage or shrinkage from the pipe network  

Values are typically expressed in óper Serviceô units . The Failure Modes are highlighted in yellow 

on the risk map below.  

B2.2.  Services  Consequence Measures  

As per the process in S ection 3.4, the following consequence measures have been identified for 

Services.  

¶ Gas escape  

¶ Gas in buildings  

¶ Supply interruption  

¶ Loss of gas  

¶ Water ingress  

¶ Explosion  

B2.3 . Services  Risk Map  

 

Figure B -  1  -  Risk Map Key  

Figure B -1 outlines the risk map key for Services . The risk map is colour coded for each node of 

the event tree to indicate which values are associated with each node . The colours are reflected 

in both the risk map and risk map template in Figures B2 and B3.  

 

 

 

 

 

 

 

Asset Data  

Explicit Calculation  

Consequence  

Financial outcome (monetised risk)  

Willingness to pay/Social Costs (not used)  

System Reliability (not used)  

Customer outcome/driver  

Carbon outcome/driver  

Health and safety outcome/driver  

Failure  Mode  
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As per the process described within S ection 3.5  of the main methodology , the risk map for Services  is shown below:  

 

Figure B -  2  -  Services Risk Map  
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B2.4 . Services  Risk Template  

The following table demonstrates how the total risk value is derived for any given Services  cohort . 

Effectively an individual, populated risk map is developed for every cohort to be modelled to 

deliver a baseline monetised risk value prior to intervention modelling.  

 

Props_Com Large Nr/Km F_Com large £/ premises

Props_Com Small Nr/Km F_Com small £/ premises

Props_Critical Nr/Km F_Critical £/ premises

Props_Domestic  Nr/Km F_Domestic £/ prop

P_Capacity 0-1 Complaints  0-1 F-Complaint £/ complaint

F_Capacity £

Property Damage 0-1 F_Building damage £/ prop

Minor  0-1 F_Minor £/ person

Death Major  0-1 F_Death £/ person

F_Legal penalty £/ incident

Props_Com Large Nr/Km F_Com large £/ premises

Props_Com Small Nr/Km F_Com small £/ premises

Props_Critical Nr/Km F_Critical £/ premises

Props_Domestic  Nr/Km F_Domestic £/ prop

Carbon Loss of gas m3 F_Carbon £/ tonne

F_Loss of gas £/ m 3

Water Ingress 0-1 F_Water Ingress £

P_Gas Escapes 0-1 Complaints  0-1 F-Complaint £/ complaint

F_TMA_Order  £

F_Repair £/ repair

Property Damage 0-1 F_Building damage £/ prop

Minor  0-1 F_Minor £/ person

Death Major  0-1 F_Death £/ person

F_Legal penalty £/ incident

Props_Com Large Nr/Km F_Com large £/ premises

Props_Com Small Nr/Km F_Com small £/ premises

Props_Critical Nr/Km F_Critical £/ premises

Props_Domestic  Nr/Km F_Domestic £/ prop

Carbon Loss of gas m3 F_Carbon £/ tonne

F_Loss of gas £/ m 3

Water Ingress 0-1 F_Water Ingress £

P_Gas Escapes 0-1 Complaints  0-1 F-Complaint £/ complaint

F_TMA_Order  £

F_Fracture £/ repair

Property Damage 0-1 F_Building damage £/ prop

Minor  0-1 F_Minor £/ person

Death Major  0-1 F_Death £/ person

F_Legal penalty £/ incident

Props_Com Large Nr/Km F_Com large £/ premises

Props_Com Small Nr/Km F_Com small £/ premises

Props_Critical Nr/Km F_Critical £/ premises

Props_Domestic  Nr/Km F_Domestic £/ prop

Carbon Loss of gas m3 F_Carbon £/ tonne

F_Loss of gas £/ m 3

Water Ingress 0-1 F_Water Ingress £

P_Gas Escapes 0-1 Complaints  0-1 F-Complaint £/ complaint

F_TMA_Order  £

F_Repair £/ repair

Property Damage 0-1 F_Building damage £/ prop

Minor  0-1 F_Minor £/ person

Death Major  0-1 F_Death £/ person

F_Legal penalty £/ incident

Props_Com Large Nr/Km F_Com large £/ premises

Props_Com Small Nr/Km F_Com small £/ premises

Props_Critical Nr/Km F_Critical £/ premises

Props_Domestic  Nr/Km F_Domestic £/ prop

Carbon Loss of gas m3 F_Carbon £/ tonne

F_Loss of gas £/ m 3

Water Ingress 0-1 F_Water Ingress £

P_Gas Escapes 0-1 Complaints  0-1 F-Complaint £/ complaint

F_TMA_Order  £

F_Joint £/ repair

Carbon Loss of gas m3 F_Carbon £/ tonne

F_Loss of gas £/ m 3

Loss of Gas m3

GIB 

Interference 0-

1

Explosion 0-1

Explosion 0-1
GIB Fracture 0-

1

Supply Interuptions 
0-1

Supply Interuptions 
0-1

Loss of Gas m3

General 

Emissions
m3/S/Yr

GIB Joint 0-1 Explosion 0-1

Loss of Gas m3

Supply Interuptions 
0-1Gas Escape 0-

1Joint
Nr/S/Yr

Gas Escape 0-

1

Interference
Nr/S/Yr

Gas Escape 0-

1

Fracture
Nr/S/Yr

Corrosion
Nr/S/Yr

Gas Escape 0-

1

Explosion 0-1
GIB Corrosion 

0-1

Capacity
Nr/S/Yr

Supply Interuptions 
0-1

Supply Interuptions 
0-1

Loss of Gas m3



Appendices -  Detailed Asset Assessments  
 

Version 6 ï February 2026   

Page 118  

 

Figure B -  3  -  Services Risk Map Template  

B2.5 . Services  Data Reference Library  

In line with S ection 3. 7 of the main report , the following table provides  a brief description of the 

risk nodes modelled in the Event Tree, the source of the data and/or a high level description as 

to how the values were derived and a flag to indicate whether the data will be provided individually 

by each GDN or through common/shared analysis . Demand mix generation is a longer - term 

evolutionary piece which GDNs will need to consider due to the inherent adjustment to baseline 

monetised risk as a result of customer demand changing . Customer number updates can be 

reflected in the modelling base data that supports asset investment decision making, therefore it 

can be undertaken periodically where required. A customer base data refresh will be undertaken 

after the completion of the current GD2 price control and at the completion of later price controls 

as ne t zero impacts effect methane gas distribution use . 

Node ID / Variable  Description  Data Source  Source  

Capacity  Probability of 

capacity issues  

Data taken from 

company systems.  

GDN 

Specific  

Complaints  Number of 

customer 

complaints  

Data taken from 

company systems.  

GDN 

Specific  

Corrosion  Frequency of 

corrosion failures  

A similar approach was 

taken to derive initial 

Service failure rates as 

per Mains. This used 

Material (non -PE or PE) 

and Network ID to 

provide an estimate of 

the geographic 

distribution of initial 

Service failure rates.  

GDN 

Specific  

Death_Major  Number of deaths 

or major injuries 

given an explosion 

in a property  

0.45 Value based on 

research values 

(Newcastle University)  

Common  

Explosion  Probability of 

explosion given 

gas ingress  

Data taken from 

company systems.  

GDN 

Specific  

F_Capacity  Cost of responding 

to capacity issues 

(not this is not the 

cost of resolving 

capacity issues)  

Data taken from 

company systems.  

GDN 

Specific  
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Node ID / Variable  Description  Data Source  Source  

F_Complaints  Cost of handling 

customer 

complains  

Data taken from 

company systems where 

available, or a 

default/assumed value 

agreed with SRWG  

GDN 

Specific  

F_Fracture  Average cost of 

repairing a fracture  

Data taken from 

company systems. A 

statistical model can be 

used to relate unit cost 

to pipe diameter.  

GDN 

Specific  

F_Joint  Average cost of 

repairing a joint  

Data taken from 

company systems. A 

statistical model can be 

used to relate unit cost 

to pipe diameter.  

GDN 

Specific  

F_Leakage_mgm  Cost of leakage 

management per 

unit length  

Data taken from 

company systems. 

Applied only to Services 

that are represented as 

individual assets in GIS 

(>=63mm)  

Nil costs reported for 

services. Cost of leakage 

management (e.g. 

profiling) captured 

under Governors model  

GDN 

Specific  

Common  

F_Repair  Average cost of a 

general repair due 

to corrosion or 

interruption  

Data taken from 

company systems. A 

statistical model can be 

used to relate unit cost 

to pipe diameter.  

GDN 

Specific  

F_TMA_Order  Local authority 

management order  

Data taken from 

company systems.  

GDN 

Specific  

F_Water_Ingress  Cost of water 

ingress  

Data taken from 

company systems.  

GDN 

Specific  

Fracture  Frequency of 

fracture failures  

As per Corrosion , but for 

fracture failure modes  

GDN 

Specific  

GIB_Corrosion  Probability of gas 

ingress given 

failure -  Corrosion  

Data taken from 

company systems where 

available (i.e. no. of gas 

ingress events due to 

GDN 

Specific  
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Node ID / Variable  Description  Data Source  Source  

corrosion / no. of 

corrosion failures)  or a 

default/assumed value 

agreed with SRWG  

GIB_Fracture  Probability of gas 

ingress given 

failure ï Fracture  

Data taken from 

company systems where 

available (i.e. no. of gas 

ingress events due to 

fracture / no. of fracture 

failures)  or a 

default/assumed value 

agreed with SRWG  

GDN 

Specific  

GIB_Interference  Probability of gas 

ingress given 

failure ï 

Interference  

Data taken from 

company systems where 

available (i.e. no. of gas 

ingress events due to 

interference / no. of 

interference failures)  or 

a default/assumed value 

agreed with SRWG  

GDN 

Specific  

GIB_Joint  Probability of gas 

ingress given 

failure ï Joint 

Failure  

Data taken from 

company systems where 

available (i.e. no. of gas 

ingress events due to 

joint / no. of joint 

failures)  or a 

default/assumed value 

agreed with SRWG  

GDN 

Specific  

Interference  Frequency of 

interference 

failures  

As per Corrosion , but for 

interference failure 

mode  

GDN 

Specific  

Joint  Frequency of joint 

failures  

As per Corrosion , but for 

interference failure 

mode  

GDN 

Specific  

Loss_Of_Gas  Loss of gas arising 

from a failure  

Taken from standard gas 

industry leakage 

models. Linear 

extrapolation utilised for 

Intermediate Pressure  

Common  

Minor  Number of minor 

injuries given an 

explosion  

1.0 Default/assumed 

value agreed with SRWG 

consistent with RIIO 

GD1 CBA analyses  

Common  
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Node ID / Variable  Description  Data Source  Source  

Non_PE_Det  Deterioration rate 

of Non_PE pipes  

Limited data was 

available to estimate the 

deterioration of services 

over time. 5% 

Default/assumed value 

agreed with SRWG  ï see 

Section B3.3  

Common  

P_Complaint_Capacity  Probability of 

customer 

complaints given a 

network capacity 

issue  

Data taken from 

company systems  

GDN 

Specific  

P_Complaint_Escape  Probability of 

complaints given a 

failure has 

occurred  

Data taken from 

company systems  

GDN 

Specific  

PE_Det  Deterioration rate 

of PE pipes  

Limited data was 

available to estimate the 

deterioration of services 

over time. 0.5% 

Default/assumed value 

agreed with SRWG  ï see 

Section B3.3  

Common  

Property_Damage  Number of 

property damage 

given explosion  

1.0 Default/assumed 

value agreed with SRWG 

consistent with RIIO 

GD1 CBA analyses  

Common  

Props_Com_Large  Number of 

commercial large 

properties at risk of 

supply interruption  

Data taken from 

company systems or 

assumed based on 

network/geographic 

analysis and  proportion 

of property types.  

GDN 

Specific  

Props_Com_Small  Number of 

commercial small 

properties at risk of 

supply interruption  

Data taken from 

company systems or 

assumed based on 

network/geographic 

analysis and  proportion 

of property types.  

GDN 

Specific  

Props_Critical  Number of critical 

properties at risk of 

supply interruption  

Data taken from 

company systems or 

assumed based on 

network/geographic 

GDN 

Specific  
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Node ID / Variable  Description  Data Source  Source  

analysis and  proportion 

of property types.  

Props_Domestic  Number of 

domestic 

properties at risk of 

supply interruption  

Data taken from 

company systems or 

assumed based on 

network/geographic 

analysis and  proportion 

of property types.  

GDN 

Specific  

Supply Interruptions  Probability of 

supply 

interruptions given 

a failure has 

occurred  

Data taken from 

company systems.  

Common value of 100% 

to be used since all 

failures wi ll result in a 

supply interruption in 

order to restore or 

replace the supply.  

GDN 

Specific  

Common  

Water_Ingress  Probability of water 

ingress given a 

failure has 

occurred  

Data taken from 

company systems.  

GDN 

Specific  

Table B -  1  -  Services Data Reference Library  
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B3.1.  Services  Base Data  

The definition of Services cohorts within the NARM methodology has been driven by the lack of 

asset - level data for Domestic ( less than 63mm diameter ) services. To address this gap a hybrid 

approach was adopted. Firstly, the property density per mains pipe section was calculated based 

on the total number of domestic meters in each postcode area and the total length of gas main 

in each postcode. This was then used to allocate a number of services to a length of mains pipe 

in proportion to this calculated prop erty density.  This approach could be improved using GIS 

property layers (if available) and spatial allocation to pipes, however other methodologies can be 

used.  

Each individual record within the Services base model comprises a section of pipe extracted from 

the GIS, which are classified as Mains or Services. Where the service diameter is greater  than 

63mm, and recorded as such in GIS, the service rec ord is classed as Non -domestic.  

Where no service record exists in GIS a section of mains pipe can be  used with a number of 

services allocated as per the method described above. These are classed as Domestic services. 

The attributes for Non -domest ic services are taken from GIS.  

Where t he diameter and material (etc.) for Domestic services are unknown they can be estimated  

using assumed non -PE/PE service proportions. For the example data set, the proportion of PE and 

non -PE mains was calculated at a Network level using GIS. This proportion of mains materials 

was then applied to the service proportions in that Network area. F or example, if a Network area 

contained 100% PE mains,  then we would assume there were 100% PE services, and vice versa.  

There are many alternative approaches to estimate the PE/non - PE service numbers and 

proportions; the flexibility of the methodology allows for this split to be undertaken at an 

individual (mains) pipe level if the data exists to do so.  

Hence for Non -domestic services there is a 1 - to -1 relationship between the mains pipe length and 

the service. For Domestic services there is a 1 - to -many relationship between a mains pipe length 

and the service. Where no meters are present in the postcode data,  we assume there are no 

services attached and the mains pipe section does not appear in the base data. The diagram 

below illustrates how service asset base data is modelled within the NARM methodology.  

 

Figure B - 4  -  r epresentation of Services with respect to Mains in the base data  

This can be further illustrated using the base data model format used for the Services risk model:  
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Table B -  2  -  Example of data format for the Non - domestic services model showing asset level information.  

One Service per connection is assumed. Material and diameter is taken from GIS  
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Table B -  3  -  Example of data format for Domestic services model.  

This shows  how each Domestic service asset is split into two lines; one representing the connected PE services and the other representin g 

the connected non -PE assets. These PE/non -PE splits are currently based on global proportions but can be changed at a mains (pip e) level 

if this information is known.  
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The material is split on each mains pipe length between metallic and PE initially using a global 

ratio of PE on non -PE. If pipe specific PE/non -PE counts are available this can easily be 

incorporated into the base data for improved granularity of analysis.  

Service relays are counted as a service replacement intervention (metallic replaced with PE) whilst 

service transfers are included (within the Mains risk model) as an additional cost of main - laying 

(as a non -PE to PE replacement is not carried out). At a f uture point in time it may be sensible to 

combine the Mains and Services model to simplify the transfer/relay modelling process.  

It should be noted that for NARM reporting purposes the Domestic services base data set has 

been split into two separate lines in the base: one line for Domestic PE services, the other for 

Domestic Non -PE services. This has no bearing on the approach or analysis presented in the 

remainder  of Appendix B.  

B3.2 . Services  Probability of Failure Assessment  

There are many ways that asset failure rates can be statistically derived. An example that has 

been applied for NGN services modelling is described below, but this methodology could be GDN 

specific given suitable data holdings.  

A similar approach to Mains is used to assess Service PoF values. However, Service assets are 

not individually recorded in company systems so a slightly different approach to assess localised 

failure rates must be adopted.  

The PoF analysis for services is effectively based on failure ñhotspotsò: 

¶ Service failures have a coordinate taken from job management systems which are used to 

aggregate failures to postcode level by Failure Mode  

¶ The number of Services per postcode is estimated from the number of gas meters in each 

postcode area (DECC data)   

¶ These calculated Service numbers are proportioned to each main and split by PE and non -

PE as described previously  

This approach is used to derive a functional relationship for Services of the form:  

PoF = Function (Service Material, Network ID)  

Network ID is a grouping of the distribution network used for operational planning services. It 

was used for the statistical analysis as it was large enough to contain enough historic failures but 

small enough to provide granularity in the distribution of PE and non -PE service failure rates 

throughout the network, potentially allowing for targeting of future service investment based on 

geographic location.  

This functional relationship is much simpler than Mains but can be used in the same way to assign 

a PoF to each Service asset (or group of Services) based on assumed Service Material and 

geographic location. Please note (from Section 3.1) that <63mm diamet er Services are not 

individually represented in the base data, but are allocated to Mains pipe sections (which may 

hold a mixture of PE and non -PE Services).  The PoF for non -digitised Services will be the weighted 

average of the PE and non -PE PoF values fo r that Service group.  Where Services are digitised 

they will have their own individual asset records and will have a PoF directly related to their 

material type. The definition of digitised Services are those that have full records.  

In terms of the PoF calculation:  
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¶ Domestic : PoF value per (mains) pipe section is the weighted average of the PoF values 

for the non -PE and PE services allocated to that pipe section, which are based on the 

Network ID in which the (mains) pipe is located  

¶ Non - domestic : PoF is allocated based on the service material and Network ID of the 

serice  

B3.3 . Services Deterioration Assessment  

There are many  ways that asset deterioration can be statistically derived. An example that has 

been applied for NGN services modelling is described below, but this methodology could be GDN 

specific given suitable data holdings.  

As described above limited data was available to estimate the deterioration of services over time 

and so an Option B approach was adopted. Initial failure rates were taken from historic NGN 

failure data based on analysis at a Network ID level. This provide s a sub -population variation in  

initial failure rates. Deterioration rates in failures have been assumed based on the Mains model 

analysis or by using default values agreed by the SRWG working group:  

¶ 5% deterioration per annum was assumed for all non -PE material types, for all Failure 

Modes except Interference  

¶ 0. 5% deterioration per annum was assumed for PE  

¶ 0% deterioration per annum was assumed for Interference  

¶ 1% per annum was assumed for General Emissions  

B3.4 . Services Consequence of Failure Assessment  

There are many consequences of failure identified for the Services Asset Group. These can be 

viewed in the risk maps and Data Reference Library in Section B2.5 . For simplicity each 

Consequence of Failure for services has been  categorised as Internal Costs, Environmental, Health 

& Safety or Customer consequences. Examples of Services  consequence modelling are also 

illustrated. The data source and derivation for all Costs of Failure are explained in the Data 

Reference Library.  

B3.4 .1.  Internal Consequence Costs  

This includes the internal costs of responding to or remediation of failures. These are generally 

derived from internal company financial systems. Examples include Joint, Corrosion or Fracture 

repair costs. Legal costs associated with HSE or Customer conse quences are also included as 

internal costs, as are the costs of managing work in the highway (TMA orders).  

B3.4.2.  Environment Consequence  Costs  

Environmental consequences include the monetary value of product lost due to failures or leakage 

plus the shadow cost of carbon associated with failure or emissions. In particular, the shadow 

cost of carbon increases annually (and hence the consequence val ue increases) in line with 

government carbon valuation guidelines.  

B3.4.3.  Health & Safety Consequence  Costs  

Health & Safety consequences are primarily associated with the damage caused by ignition 

following asset failure and subsequent entry into customer properties. The largest HSE 

consequence is associated with loss of life, but minor injury and property damag e are also 

considered.  
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B3.4.4.  Customer Consequence Costs  

Customer consequences include compensation payments generated through loss of service 

caused by asset failure. These are categorised into Domestic, Commercial and Critical customers 

to account for the differences in the monetary value of these compensation  payments.  

B3.4.5  Corrosion Consequences of Failure  

For a services  corrosion failure the assessed initial consequence is a loss of gas (PoC=1), which 

may lead to a gas in building (GIB) event (PoC=0.029). A GIB event may lead to an explosion 

(PoC= 0.00076)  which may lead to property damage (PoC=1), a minor injury (PoC= 1) or a death 

(PoC=0.45). Each consequence is then assigned a monetary value (using the cost of consequ ence 

calculated as per Figure B5.). Monetised risk is calculated for each consequence using the principle 

that monetised risk is the multiplication of probability of failure x probability of consequence x 

cost of consequence (reference Section 2.1). The sum of all monetised risk realating to 

consequences  of a gas leak due to corrosion  is the monetised risk for the C orrosion Failure Mode . 

 

Figure B -  5  -  Modelled consequences and values for Services Corrosion failure  

Further consequences arising from a corrosion failure are calculated in a similar way e.g.  

Å Supply interruptions  

Å Loss of gas  

Å Water ingress  

Å Customer complaints  

B3.4.6  General Emissions  Consequences of Failure  

For an emissions failure a simplified approach is adopted. The volume (m3) per year is simply 

multiplied by the carbon value of the gas lost through emissions. This is then added to the retail 

value of the lost gas to give the monetised risk value for the General Emissions Failure Mode.  

 

Figure B -  6  -  Modelled consequences and values for Services General Emissions failure  

B3.5 . Service Intervention Definitions  

Intervention activities can be flexibly defined within the NARM methodology by modelling the 

change in risk enabled by the intervention activity.  

Some interventions, such as replacing non -PE services with PE, will reduce both the Probability 

of Failure and deterioration of the overall asset base, thus changing the monetised risk value over 

the life of the asset. This is called a With Investment  activity below.  

Other types of intervention may just represent the base costs of maintaining the asset at an 

acceptable level of performance (i.e. to counteract deterioration or where the consequences of 

failure are unacceptably high). This is called a Without Investment  activity below.  
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Definitions of activities undertaken as part of normal maintenance (i.e. ówithout interventionô) and 

interventions for Services  are listed below.  

óWithout intervention ô activities:  

Å ECV replacement  

Å Service valve replacement  

 óWith interventionô activities:  

Number  Description  Definition  

Intervention 1  Service relays  Replace non -PE service with PE service (or in 

Steel if regulations/policy requires) .  

Intervention 2  Bulk service 

replacements  

Bulk replacement of services with PE  

Replaced by Intervention 1 . 

Intervention 3  Alteration  Customer driven service/meter move 

Associated with extensions and property 

development. Replaced by Intervention 1 . 

Intervention 4  Decommission  Decommission/abandonment of services (no 

replacement).  

Table B - 4  -  Potential With -  and Without Investment interventions for Services  

Intervention lives for service s asset s for GD3 will be provided in the NARM GD3 BPDT template in 

Q3 2024 . The below table and methodology will be updated upon the final NARM submissio n.  

Number  Description  Intervention Life  Rationale  

Intervention 1  Service relays    

Intervention 2  Bulk service 

replacements  

  

Intervention 3  Alteration    

Intervention 4  Decommission    

B3.5 .1  Services Intervention Benefits  

The major benefits of replacing metallic services with polyethylene (PE) have been assessed to 

be:  

¶ A reduction in the rate of Joint, Fracture and Corrosion failure  

¶ A reduction in the rate of deterioration of Joint, Fracture and Corrosion failure  

Given no specific information, the rate of failure of new PE service pipes was assumed to be equal 

to the rate of failure of new PE mains (based on historic NGN failure records)  ï converted to 

Nr/service/yr rate . 

The deterioration rate of the new PE following replacement will be very low, but non -zero. This 

was assumed to be the same as for PE mains (0.5% per annum) . Example values used to model 

post - intervention PoF and deterioration (by Failure Mode)  are presented below:  
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Failure mode  PoF (new PE service)*  

( Nr/S ervice /year )  

PoF deterioration (new 

PE service )  

( per annum )  

Joint  0.0003978  0.5%  

Corrosion  0.00007327  0.5%  

Fracture  0.000014943  0.5%  

Table B -  5  -  PoF and PoF deterioration for new PE Services  

*Assumes an average service pipe length of 17 metres  

B3.5 .2  Example Services Interventions  

To plan a service intervention both the Domestic/Non -domestic attribute and the pipe material of 

the service (PE or Non -PE) must be stated. For Domestic services materials are stated simply as 

PE or Non -PE as actual non -PE materials are not currently known. The PE/non -PE split is currently 

based on global proportions but can be made (mains) pipe specific simply by changing the number 

of connec ted PE/non -PE services in the base data.  

The calculations follow exactly the same workings as the detailed worked example provided in 

the main body of the report (for Mains) and are not reproduced here. Two examples of service 

pipe replacements for Domestic and Non -domestic services supplied from  DI mains are included 

below.  
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Example 1 ï 1000 replacements per an num of non - PE Domestic services  

 

Figure B -  7 -  Intervention definition in monetised risk trading tool. Intervention is to replace a Non - PE service with PE.  

Where Cohort Name is Material / Type of Service ( domestic or non -domestic)  

The pre -  and post - intervention rules that have been developed to model replacement of non -PE Domestic services with PE Domestic services 

are shown in the table below.  

Year0 Year1 Year2 Year3 Year4 Year5 Year6 Year7 Year8

Cohort Name Intervention Plan Intervention Description
Initial Number of 

Services

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention
CI / NON DOMESTIC 315

DI / NON DOMESTIC 444

NONPE / DOMESTIC 2267465 1000 1000 1000 1000 1000 1000 1000 1000

PE / DOMESTIC 2306729

PE / NON DOMESTIC 31633

SI / NON DOMESTIC 323

ST / NON DOMESTIC 4944

UNKN / NON DOMESTIC 3
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Table B -  6  -  Example pre and post intervention rules for the above services replacement intervention (non - PE Services with PE)  

Where  

Scalar_Corrosion ï is a scalar coefficient scaling modelled failures by corrosion to actual failures observed.  

Scalar_Unmatched ï is a  secondary scalar coefficient  scaling modelled number of failures to actual number of failures .  
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Corrosion_Non_PE and Corrosion_PE ï are the initial probability of failures of the non_PE or PE service due to corrosion based on the factors 

described in Section B3.2.  

Non_PE Det and PE_Det ï are the deterioration rates of the main failing by any failure mode based on material type as described in Section 

B3.3.  

Scalar_Fracture  ï is a scalar coefficient scaling modelled failures by fracture to actual failures observed.  

Fracture_Non_PE and Fracture_PE ï are the initial probability of failure of the non -PE and PE service due to fracture based on the factors 

described in Section B3.2.  

Leakage Rate ï is the leakage rate as defined in the National Leakage Reduction Monitoring Model.  

Scalar_interference ï is a scalar coefficient scaling modelled failures by third party interference to actual failures observed.  

Interference_Non_PE and Interference_PE ï are the initial probability of failure of the non_PE and PE services due to third party interference 

based on the factors described in Section B3.2.  

Scalar_joints ï is a scalar coefficient scaling modelled failures by joint failure to actual failures observed.  

Failure_Non_PE and Failure_PE ï are the initial probability of failure of the non -PE and PE services due to joint failure based on the factors 

described in Section A3.2.  

Corrosion_new_pipe ï is the initial probability of failure of a new PE service, following a replacement intervention, due to corrosion based 

on the factors described in Section B3.2.  

Fracture_new_pipe ï is the initial probability of failure of a new PE service, following a replacement intervention, due to fracture based on 

the factors described in Section B3.2.  

Joint_new_pipe ï is the initial probability of failure of a new PE service, following a replacement intervention, due to joint failure based o n 

the factors described in Section B3.2.  
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This illustrates that the replacement of an individual Domestic, non -PE service with PE reduces 

(for example) corrosion failure from a rate of 0.00176 failures/service/year to 0.00009 

failures/service/year for a cost of £659 per Service in the year of inte rvention.  

Appling these rules and modelling the costs and benefits over a 45 year period delivers the 

following risk reduction profile. A cumulative monetised risk reduction of £705,017 has been 

delivered over 8 years. By 45 years this cumulative risk reduction bene fit has risen to £8.67 

million for an initial £4.69 million (discounted) investment . 

 

Table B -  7  -  Discounted costs and benefits of 1000 service per annum Domestic service 

replacement programme  
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Example 2 ï 50 replacements per annum of Ductile Iron (non - PE) Non - domestic services  

 

Table B -  8  -  Intervention definition in monetised risk trading tool. Intervention is to replace a DI service with PE.  

Where Cohort Name is Material / Type of Service (domestic or non -domestic)  

The pre -  and post - intervention rules that have been developed to model replacement of non -PE Non-domestic services with PE Non -

domestic services are shown below.  

Year0 Year1 Year2 Year3 Year4 Year5 Year6 Year7 Year8

Cohort Name Intervention Plan Intervention Description
Initial Number of 

Services

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention

Proposed 

Intervention
CI / NON DOMESTIC 315

DI / NON DOMESTIC 444 50 50 50 50 50 50 50 50

NONPE / DOMESTIC 2267465

PE / DOMESTIC 2306729

PE / NON DOMESTIC 31633

SI / NON DOMESTIC 323

ST / NON DOMESTIC 4944

UNKN / NON DOMESTIC 3
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Table B -  9  -  Example pre and post intervention rules for the Non - domestic replacement intervention (DI with PE).  

Where  

Scalar_Corrosion ï is a scalar coefficient scaling modelled failures by corrosion to actual failures observed.  

Scalar_Unmatched ï is a  secondary scalar coefficient  scaling modelled number of failures to actual number of failures .  

Corrosion_Non_PE and Corrosion_PE ï are the initial probability of failures of the non_PE or PE service due to corrosion based on the factors 

discussed in Section B3.2.  

Non_PE Det and PE_Det ï are the deterioration rates of the main failing by any failure mode based on material type as discussed in Section 

B3.3.  

Scalar_Fracture  ï is a scalar coefficient scaling modelled failures by fracture to actual failures observed.  
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Fracture_Non_PE and Fracture_PE ï are the initial probability of failure of the non -PE and PE service due to fracture based on the factors 

described in Section B3.2.  

Leakage Rate ï is the leakage rate as defined in the National Leakage Reduction Monitoring Model.  

Scalar_interference ï is a scalar coefficient scaling modelled failures by third party interference to actual failures observed.  

Interference_Non_PE and Interference_PE ï are the initial probability of failure of the non_PE and PE services due to third party interference 

based on the factors described in Section B3.2.  

Scalar_joints ï is a scalar coefficient scaling modelled failures by joint failure to actual failures observed.  

Failure_Non_PE and Failure_PE ï are the initial probability of failure of the non -PE and PE services due to joint failure based on the factors 

described in Section A3.2.  

Corrosion_new_pipe ï is the initial probability of failure of a new PE service, following a replacement intervention, due to corrosion based 

on the factors described in Section B3.2.  

Fracture_new_pipe ï is the initial probability of failure of a new PE service, following a replacement intervention, due to fracture based on 

the factors described in Section B3.2.  

Joint_new_pipe ï is the initial probability of failure of a new PE service, following a replacement intervention, due to joint failure based o n 

the factors described in Section B3.2.  



Appendices -  Detailed Asset Assessments  
 

Version 6 ï February 2026   

Page 138  

 

This illustrates that the replacement of an individual Non -domestic, non -PE service with PE 

reduces (for example) corrosion failure from a rate of 0.004 failures/service/year to 0.0002 

failures/service/year for a cost of £1,098 per Service in the year of i ntervention.  

Appling these rules and modelling the costs and benefits over a 45 year period delivers the 

following risk reduction profile. A cumulative monetised risk reduction of £51,189 has been 

delivered over 8 years. By 45 years this cumulative risk reduction benef it has risen to 

£594,893 for an initial £390,48 1 (discounted) investment.  

 

Table B -  10  -  Discounted costs and benefits of 50 service per annum Non - domestic service 

replacement programme  
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Appendix C ï Governors  

A Governor is a Pressure Reduction Unit which has an inlet pressure less than 7 Bar.  

C1.1.  District Governors  

A pressure regulating installation operating with inlet pressures below 7bar and supplying an 

intermediate, medium or low -pressure system .  

C1.2.  I&C Governors  

A pressure regulating installation operating with an inlet pressure below 7bar and supplying 

large individual non -domestic customers   

C1.3.  Service Governors  

A pressure regulating installation with inlet pressures above 75mbar and up to 7bar supplying 

domestic  or smaller commercial and industrial customers  

C1.4.  Civils  

Civils assets, which include: inner/outer fencing; security systems; roadways; drainage; 

bunds/berms ; ductwork; and buildings, are not treated as separate assets in the event tree. 

Kiosks and Fencing are treated as attributes of the Governor which impact on the Corrosion 

and Interference Failure risk nodes. Other asset maintenance costs are considered to  be 

included in General Maintenance risk node. Costs to ensure site compliance with safety or 

legislative requirements are included in the Compliance risk n ode.  

C1.5.  Electrical & Telecommunication  

A telemetry system (profiling / closed loop control), including electrical, instrumentation 

systems and data logging, which controls and/or  monitors a Governor installation.  These costs 

are captured within the Control System risk nodes.  

C2.1.  Governors  Failure Modes  

Failure Modes have been identified for Governors consistently with the process outlined in 

section 3.4 of the main methodology . The same failure modes are used for all Governor Types, 

however, the probability of failure (failure rates) will be different .  Failure modes were 

identified through a number of workshops with asset experts and through careful analysis of 

available data held by companies to assess and quantify the rate of failures and future asset 

deterioration . The failure modes for Governors include:  

¶ Capacity failure  ï where the Governor  is under -sized to meet downstream demand  

¶ Failure c losed  ï where a regulator fault has been assessed to result in a fail in the 

closed mode  
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¶ Failure o pen  -  where a regulator fault has been assessed to result in a fail in the open 

mode  

¶ Interference failure  ï for example 3rd party damage  

¶ Corrosion failure  ï corrosion of the internal pipework. Corrosion of components 

assessed to result in a Failure Open or Failure Closed are considered within these risk 

nodes  

¶ Governor e missions  ï background leakage or shrinkage from the Governor  

¶ Control System failure  ï failure of the telemetry or associated 

electrical/instrumentation systems and profilers  

C2.2.  Governors  Consequence Measures  

Consequence measures have been identified for Governors consistently with process identified 

in section 3.5 of the main methodology and include the following:  

¶ Governor gas escape  -  ï that could result in increased PREôs, a carbon loss of gas 

and/or an explosion  

¶ Loss of control  ï this results in a sub - optimum pressure leaving the station, but is 

not severe enough to result in a supply interruption  

¶ Loss of gas  ï arising from the Governor station itself or the downstream network 

(e.g. as a result of poor control)  

¶ Over - pressurisation  -  this could result in supply interruptions and/or explosions  

¶ Supply interruption  (SI) ï to customers in the network downstream of the Governor 

station  

¶ Explosion ï either at the Governor itself or in the downstream network  

Consequences v alues are dependent on the consequences being assessed . Some of these 

consequences are clearly inter - related, as detailed in the risk map.  

C2. 3 . Governors  Risk Map  
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Figure C -  1 -  Risk Map Key  

Figure C -1 outlines the risk map key for Governors . The risk map is colour coded for each 

node of the event tree to indicate which values are associated with each node . The colours 

are reflected in both the risk map and risk map template in Figures C2 and C3.  
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As pe r the process described within S ection 3. 6 of the main methodology , the risk map for Governors  is shown below:  

 

Figure C -  2  - Governors Risk Map  
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C2.4 . Governors  Risk Template  

The following table demonstrates how the total risk value is derived for any given Governor 

cohort. An individual, populated risk map is developed for every cohort to be modelled to 

deliver a baseline monetised risk value prior to intervention modelling.  

 

Figure C- 3  -  Governors Risk Map Template  
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C2.5 . Governors  Data Reference Library  

In line with s ection 3. 7 of the main report , the following table provides  a brief description of 

the risk nodes modelled in the Event Tree, the source of the data and/or a high - level  

description as to how the values were derived and a flag to indicate whether the data will be 

provided individually by each GDN or through common/shared analysis . Demand mix 

generation is a longer - term evolutionary piece which GDNs will need to consider due to the 

inherent adjustment to baseline monetised risk as a result of customer demand changing . 

Customer number updates can be reflected in the modelling base data that supports asset 

investment decision making, therefore it can be undertaken periodically where required. A 

customer base data refresh will be undertaken after the completion of the current GD2 price 

control and at the completion of later price controls as ne t zero impacts effect methane gas 

distribution use . 

Node ID / 

Variable  

Description  Data Source  Source  

Age  Age of asset  Calculated using asset 

specific age. Currently 

estimated using regulator 

model definition where 

actual age is not available.  

GDN 

Specific  

Capacity  Flag to define whether a 

Governor station has a known 

capacity issue. 

P_SI_Capacity is the 

probability of a supply 

interruption given a capacity 

exceedance event.  

Binary value used at asset 

level where known capacity 

issues using off - line 

sizing/capacity analysis.   

GDN 

Specific  

Carbon Loss of 

gas  

m 3 of carbon equivalent 

(CO2e) arising from loss of gas 

or general emissions  

Carbon Loss of Gas = 

relative density x carbon 

equivalent. Value calculated 

by each GDN based on actual 

gas composition in the 

network  

GDN 

Specific  

Control 

System Failure  

Frequency of failure of the 

control system (controller or 

communications) leading to 

sub -optimum pressures 

leaving the Governor station  

Data taken from company 

systems where available,  or 

a default value applied 

(agreed with SRWG)  

GDN 

Specific  

Corrosion  Frequency of corrosion failures 

associated with pipework at 

the Governor station. All other 

corrosion failures are 

considered as part of other 

failure modes (e.g. Fail 

Open/Closed)  

From company RCM fault 

records and/or job 

management systems. The 

probability of a corrosion 

failure is factored by the 

presence and condition of 

housing (kiosk). The starting 

GDN 

Specific  
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point on the deterioration 

curve is estimated using the 

Effective Age of the asset, 

which can be determined 

through condition surveys.  

Death Major  Probability of death following 

an explosion. This includes 

explosions at, or downstream 

of, the Governor station.  

Value based on research 

values (Newcastle 

University)  

Common  

Explosion  Number of explosions 

following gas ingress into a 

building and/or loss of gas at a 

Governor site.  

Calculated from loss of gas 

frequency and assumed 

ignition probabilities (DNVGL 

Value agreed with SRWG).  

Common  

F_CS_Repair  Unit cost of 

repair/maintenance to a 

control system. Increase in 

costs incurred where obsolete.  

Data taken from company 

systems.  

GDN 

Specific  

F_Compliance  Financial cost of achieving 

compliance with HSE and other 

legislative requirements (e.g. 

DSEAR; PSSR Inspections, 

working at height)  

Data taken from company 

systems.  

GDN 

Specific  

F_Component 

Repair  

Unit cost of reactive 

maintenance (repair or 

replacement) of Governor 

components in response to 

identified Failure Open or 

Failure Close faults. Increase 

in costs incurred where 

obsolete.  

Data taken from company 

systems.  

GDN 

Specific  

F_Corrosion 

Repair  

Unit cost of reactively 

resolving identified corrosion 

issues at Governor sites (e.g. 

painting)  

Data taken from company 

systems.  

GDN 

Specific  

F_Fencing  Financial costs of fencing 

maintenance where associated 

with Governor stations.  

Data taken from company 

systems.  

GDN 

Specific  

F_General 

Maintenance  

Financial cost of  general 

maintenance activities 

associated with Governor 

station where not included in 

other financial risk nodes (e.g. 

site husbandry; general 

repairs)  

Data taken from company 

systems.  

GDN 

Specific  
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F_Inspection  Financial costs of time -based 

Reliability Centred 

Maintenance (RCM) activities 

associated with District 

Governor stations. Includes 

maintenance activities carried 

out as part of RCM inspections.  

Data taken from company 

systems.  

GDN 

Specific  

F_Interference 

Repair  

Financial costs of remedial 

actions associated with 

failures arising due to 

interference (contractor or 3rd 

party). Increase in costs 

incurred where obsolete.  

Data taken from company 

systems.  

GDN 

Specific  

F_Kiosk  Financial cost of kiosk 

maintenance where associated 

with Governor station.  

Data taken from company 

systems.  

GDN 

Specific  

F_OP Failure 

Remediation  

Financial cost of resolving 

over -pressurisation failures, 

including inspections and 

network repairs  

Data taken from company 

systems.  

GDN 

Specific  

F_Overhaul  Financial cost of reactive 

Regulator overhauls  

Data taken from company 

systems.  

GDN 

Specific  

F_Painting  Financial costs associated with 

proactive painting of Governor 

stations.  

Data taken from company 

systems.  

GDN 

Specific  

F_Pressure 

Control  

Financial cost associated with 

maintaining pressure control 

systems, including batteries. 

controllers and data loggers.  

Data taken from company 

systems.  

GDN 

Specific  

F_Restore 

Supply  

Financial cost of restoring 

supply to downstream 

properties following a supply 

interruption  

Data taken from company 

systems.  

GDN 

Specific  
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Failure Closed  Failure rate of  fault s which 

may give rise to a station 

Failure Closed event.  

P_SI_Failure_Closed is the 

probability of a supply 

interruption given a Failure 

Closed event. (factored by 

obsolescence)  

Calculated using actual fault 

data arising from RCM 

survey. RCM has assigned a 

consequence arising from an 

identified fault for each 

component within the 

Governor station. Fail Closed 

consequences for each 

component asset were 

combined to derive the 

overal l probability of a 

Failure Closed event for the 

Governor station. 

Redundancy in the form of 

multiple streams and/or 

Monitor/Active 

configurations was 

considered as part of this 

combination process. See 

Section 3.2.1 . for more 

details. The probability of 

fa ilure is factored by the 

location, distance to coast 

and flood risk. The starting 

point on the deterioration 

curve is estimated using the 

Effective Age of the asset, 

which can be determined 

through condition surveys.  

The probability of a supply 

interruption given a Failure 

Closed event is based on 

SRWG estimates developed 

through elicitation with GDN 

experts, ICS and DNV GL and 

calibrated to the expected 

numbers of annual failures.  

GDN 

Specific  

Failure Open  Probability of a fault which 

may give rise to a station 

Failure Open event.  

Calculated using actual fault 

data arising from RCM 

survey. RCM has assigned a 

consequence arising from an 

identified fault for each 

component within the 

Governor station. Fail Open 

consequences for each 

component asset were 

combined to derive the 

GDN 

Specific  
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overall probability of a 

Failure Open event for the 

Governor station. 

Redundancy in the form of 

multiple streams and/or 

Monitor/Active 

configurations was 

considered as part of this 

combination process. See 

Appendix C 3.2.1  for more 

details . The probability of 

failure is factored by the 

location, distance to coast 

and flood risk. The starting 

point on the deterioration 

curve is estimated using the 

Effective Age of the asset, 

which can be determined 

through condition surveys.  

Gov Emissions  General emissions associated 

with the Governor station  

Consistent with  common 

leakage assessment model 

as approved by Ofgem ï 

National Leakage Reduction 

Monitoring Model  (NLRMM) 

Common  

Governor Gas 

Escape  

The sum of modelled annual 

gas escapes arising from 

corrosion and interference 

failures.  

Calculated from the 

modelled number of 

corrosion and interference 

failures.  

GDN 

Specific  

Interference  The sum of annual 

interference failures, arising 

from 3rd parties or 

contractors.  

P_Escape_Interference  is 

the probability of a gas escape 

given an interference event.  

Estimated based on historic 

company records . The 

probability of an interference 

failure is factored by the 

presence and condition of 

housing (kiosk) and/or 

fencing (including security 

rating/measures).  

GDN 

Specific  

Loss of Gas  The assumed volumetric loss 

of gas arising from a Governor 

gas escape.  

A value of 166 m3 per failure 

was agreed with the SRWG 

based on Mains loss of gas 

estimates (assuming the 

majority of loss of gas will be 

from the Governor 

pipework).  

Common  

Loss of Control  A factor representing the 

benefit of a pressure control 

A Loss of Control value of 0.5 

represents 50% reduction in 

Common  
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system on the downstream 

loss of gas and explosion risk.  

loss of gas if there is a 

control system present. If no 

control system the full loss of 

gas value applies (Loss of 

Control = 1).  

Minor  Probability of minor injury 

following an explosion. This 

includes explosions at, or 

downstream of, the Governor 

station.  

Default/assumed value 

agreed with SRWG 

consistent with RIIO GD1 

CBA analyses  

Common  

Network Age  Average age of Governor 

population  

Calculation using individual 

Governor (Regulator) age 

values  

GDN 

Specific  

Overpressurisa

tion  

Frequency of an over -

pressurisation event given a 

Failure Open . 

P_SI_Overpressurisation  is 

the probability of a supply 

interruption given an 

Overpressurisation event 

(factored by obsolescence)  

Default/assumed values 

agreed with SRWG.  Set at 

20%.  

Common  

Property 

Damage  

Properties damaged given an 

explosion arising from a gas in 

building event and/or an 

explosion at the governor 

location  

Default/assumed value 

agreed with SRWG 

consistent with RIIO GD1 

CBA analyses  

Common  

Props 

Downstream  

Number of gas - in -building 

events downstream of a 

Governor station, due to 

increase in gas escapes from 

over pressurisation, based on 

number of properties 

downstream. 

P_Explosion_GIB s the 

probability of an explosion 

arising from a gas in building 

event.  

For property numbers, data 

taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & 

redundancy. The probability 

values of an explosion given 

a gas in building will be 

consistent with the Mains & 

Services models.  

GDN 

Specific  

Props SI  Number of properties requiring 

supply restoration support 

(e.g. GDN engineer 

undertaking purge and relight 

operation) following a supply 

interruption. SI  is the sum of 

all modelled supply 

interruption events.  

Value of 1 used as a 

multiplier to enable the 

grouping/summation of 

props_domestic, props_com 

small, props_com large and 

props_critical  

GDN 

Specific  
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Props 

Surrounding 

Governor  

Number of properties 

surrounding a Governor 

station which are at risk of 

damage by explosion of the 

station itself following a loss of 

gas. P_Explosion_Governor  

is the probability of an 

explosion in a property 

surrounding the Governor 

given a corrosion or 

interference event.  

Defined as Properties within 

a 50 -metre  radius  of the 

governor station. Derived 

from GIS analysis or other 

company records where 

available. Includes the 

Governor itself. The 

probability of explosion given 

a loss of gas at a Governor is 

based on SRWG estimates  

developed through elicitation 

with GDN experts, ICS and 

DNV GL . 

GDN 

Specific  

Props_Com 

large  

Number of large commercial 

properties affected by supply 

interruption (Xoserve 

categories: C3 and C4 type 

properties)  

Data taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & redundancy  

GDN 

Specific  

Props_Com 

small  

Number of small commercial 

properties affected by supply 

interruption (Xoserve 

Category: C1 type properties)  

Data taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & redundancy  

GDN 

Specific  

Props_Critical  Number of critical properties 

affected by supply interruption 

(Xoserve Categories: C2 and 

I2 type properties)  

Data taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & redundancy  

GDN 

Specific  

Props_Domest

ic 

Number of critical properties 

affected by supply interruption 

(Xoserve Category: D1 type 

properties)  

Data taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & redundancy  

GDN 

Specific  

 

C3.1.  Governors  Base Data  

The Governors base data will be created from company asset databases, financial systems, 

Reliability Centred Maintenance (RCM) reports and other data sources . Where available, 

condition assessment, of Governor assets and ancillaries (such as kiosks and fencing) can be 

used to improve the starting failure rate assessments.  

The engineering inspection methods used across GDNs are broadly aligned and so no GDN 

specific annexes have been created for this document. In the case of visual surveys all GDNs 
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have their own processes, following asset management best practices, which are then aligned 

to a NARM condition score using guidance in the tables within this document. For governor 

failure modes the RCM fault data process is used.  

The analysis assumes that the Governor station itself, not the component assets (such as 

slam -shuts, regulators and auxiliary control) form the unit of risk assessment and intervention 

planning. Where possible, the individual probabilities of failure of co mponents assets are 

combined to calculate the overall station probability of failure using the site configuration 

details . This is explained in more detail in Section C3.2.  

A further important input is an understanding of the downstream consequences of failure, for 

example which properties experience a supply interruption following an over -pressurisation 

event. This information can be derived from network modelling or approxi mated using GIS 

analysis.  

An example of data input format is shown  in Table C -1 below:  
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Table C1 -  Example of the base data format for the Governor Risk  models showing Governor  level information  
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C3.2 . Governors  Probability of Failure Assessment  

As maintainable assets (as opposed to Mains and Services which are generally classified as 

non -maintainable) with a high consequence of failure, significant investment is made to 

prevent Governor assets  from failing.  Therefore,  it would be expected that for the failure 

modes with highest consequence s of failure  the observed failure rates will be very low.  

The method for calculating site - level Governor probability of failure and deterioration has 

changed significantly for this version of the Methodology :  

¶ Failure Open & Failure Closed  ï have been derived from reliability modelling (see 

Appendix G) or where suitable data exists, from asset -specific failure rate 

asssesments, such as RCM  (Option A)  

¶ Other Failure Modes  ï have been derived from company failure records 

supplemented by expert judgement and calibrated to expected levels of failure  (Option 

A or B)  

These methods are described separately below:  

C3.2.1.  Failure Open and Failure Closed  

An identical approach was taken for both Failure Open and Failure Closed risk nodes. A 

simplified diagram showing a typical two stream pressure reduction facility is shown below:  

 

 

Figure C 4  -  Typical Monitor and Active Regulator arrangement (from IGEM TD/13)  

Each Governor in the base data, whether District, Industrial/Commercial (I&C) or Service has 

an assigned configuration. For example,  in the Cadent Gas Ltd  Governor database:  

2MASWa  = Twin ( 2 ) stream with Monitor regulator and Active  regulator and Slam -shut  valve 

and W afer check /NRV and auxiliary* control  

1ASd  = Single ( 1 ) stream with Active  regulator and  Slam -shut  valve and d irect -acting  control  

All other permutations of configuration can be identified using the combination of components 

described in the examples above. All assets subject to RCM inspections are assumed to have 

a filter fitted.  

Previously, the likelihood of a Failure Open and Failure Closed was derived from RCM data 

collected over a number of years by each company. This has been replaced by the reliability 

modelling approach (Appendix G) . A Failure Open and Failure Closed starting PoF value and 

deterioration rates is calculated for each site configuration, pre -  and post - intervention.  RCM 
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data is no longer used , other than to obtain the inspection/maintenance frequency which is a 

key element of the reliability modelling analysis.  

These initial failure rates calculated from reliability modelling are then further adjusted using:  

¶ Governor h ousing ï e.g. kiosk, open air or below ground  etc.  

¶ Governor l ocation ï coastal or non -coastal  

¶ Assessed Condition (or Effective Age) ï from surveys  

These factors are discussed further in section C3.2.2.  

C3.2.2.  Other Failure Modes  

The failure rate assessment methods for other failure modes in the Governors model are 

described briefly below . For each failure model, the actual number of faults/failures was 

extracted from company job management systems for a number of years (3.5 years in the 

case of the pilot data set) and divided by the total number of assets the specific fault could 

have occ urred at over that period. This gave an annualised failure rate for each failure mode, 

which provided a starting point for deterioration analysis (where relevant):  

Capacity  

Capacity is modelled in the base data as a flag indicating that the Governor station (as a 

whole) has been identified as being under capacity . The investment required to address the 

capacity issue can then be modelled as a with - investment intervention . Identification of 

capacity issues at Governor stations is outside the scope of this methodology.  

Corrosion  

Corrosion failures on Governors specifically refer to the pipework systems, rather than 

corrosion of individual components (component corrosion is covered within RCM Fail 

Open/Close assessments). The corrosion failure rates can be derived from historic fai lure 

records. The average of the whole population of corrosion failures can then be factored for 

individual Governors using location and condition assessments of the rig (as per Failure 

Open/Closed) and additionally the condition of the kiosk/housing (agai n as per Failure 

Open/Closed).  

Governor Emissions  

Rates of emissions from Governors are derived from standard Governor shrinkage models 

(470 m 3/year for a District Governor; 8 m 3/year for an I&C or Service Governor). These are 

taken fr om National Leakage Reduction Monitoring Model ( NLRMM) shrinkage assessments.  

Interference  

Interference frequencies at Governors leading to downstream consequences (ranging from a 

remediation cost to an actual escape of gas) are derived from historic company records . The 

average of the whole population of interference failures can then be factored (using a 

weighted average) for individual Governors using the condition of the fencing/security and 

those with known security issues.  

Control System  

Failure of any pressure control system (which could be due to electrical, instrumentation or 

communication issues) will result in sub -optimum control of pressures leaving the site. The 

rate of loss of control incidents can be inferred from historic company  records. The 
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proportional impact of the loss of the control system is modelled in the Loss of Control failure 

mode (below).  

Loss of Control  

As above, the failure of the pressure control system will result in sub -optimum control of 

pressures leaving the site . The model has been set up such that the maximum consequence 

value arising from a control system failure occurs when there is no control systems present 

(i.e. no fine - tuning of pressure leaving the site in response to downstream demand) . If a 

control system is available, then the annual rate of instances resulting in a sub -optimal control 

of pressures is calculated as a proportion of control  system unavailability. Therefore, the 

modelled Loss of Control value is always less than or equal to one, implying that having a 

control system available on site is always more beneficial that when no control system is 

present . For example:  

¶ If no control s ystem is present the Loss of Control value is 1 failure/year (i.e. has no 

control = always ñfailedò)  

¶ If a control system  is present and ñfailsò at the assessed rate per year  (see Control 

System failure mode)  the value will be between zero and one (depending on the 

number of control systems present in the Governor cohort  and the failure rate )  

C3.2.3.  Factors Applied to Initial Failure Rates  

I nitially derived failure rates are based on the assessed effective (or condition -adjusted) age 

at a site leve l using the deterioration curves derived through the reliability modelling process. 

A separate curve has been derived for each site configuration and maintenance frequency.  

The Initial Failure Rate is calculated as follows:  

Initial Failure Rate = Fault Detection Rate x Probability of a Failure event  x Total 

Number of Assets that can Fail  

 Where:  

Probability of Failure  in a given year is derived from RCM faults over a period of 

time, based on configuration type (C3.2.1).  

 Total number of assets that can fail  is determined by configuration type.  

Using the report óPressure Control and Storage Assets: Asset Health Modelô (Model Report 

1569, SEAMS Ltd, November 2014 ) and Part 2 of the previous methodology ( Manual for 

Assessing Health and Criticality of Gas Distribution Assets ) it is possible to factor these 

assessed failure rates based on Governor location, flood and condition risk (effective age). 

The Report 1569 factors are derived from elicitation exercises involving asset experts to 

estimate the remaining lives of various assets under specified co nditions. The derived factors 

are each discussed below.  

Location Risk (Location Factor)  

Report 1569 explored how the Governor housing and its geographical location could 

potentially impact the remaining life of the asset. The factor s explored were:  

¶ Coastal or non -coastal  

¶ Installed a bove -  or below -ground  

¶ If below -ground, then:  
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o Installed in a pit  (chamber)  

o Other below ground (e.g. cellar / basement)  

These were combined in various ways and used to elicit the expected life time remaining per 

asset cohort. The questions were posed in terms of ñ50%/75%/90% of the assets of this type 

will have gone (failed) by the time they reach Age xò. The derived values were then fitted to 

a Weibull curve. The Weibull shape and scales values (taken from Report 1569) and the 

derived PoF multiplication factors are shown in Table C2 below:  

Category  Type  Weibull 

Shape (Ȉ) 

Weibull Scale 

(k)  

Location Factor  

Coastal  Coastal  2.960909  33.95314  1.667  

Below ground 

(pit)  

Housing  2.960909  22.63543  2.5  

Above ground 

(non - coastal)  

Housing  2.960909  56.58856  1 

Table C2 -  Weibull coefficients and derived initial probability of failure scaling factors for 

Governor location and housing  

The Governor housing and locations were taken from the Governor asset database and the 

relevant PoF factors were applied to the cohort and configuration -derived failure rates, as 

calculated in C3.2.1  and C3.2.3 . 

The distance from the coast at which the coastal factor applies was not documented in Report 

1569. This can be applied flexibly in the analysis using a óDistance to Coastô attribute in the 

base data. A value of 3km has been applied initially.  

Note,  where a Governor is Coastal and Below ground (pit) a location factor of (2.5 x 1.667 = 

4.168) applies to the derived failure rate.  

Condition Risk (Effective Age)  

Reliability modelling initially assumes that the asset age is zero (new asset) as a basis for 

ongoing deterioration. Each configuration of assets is then modelled to account for additional 

risk factors (Monitor and Active regulators in series , presence of a slamshut valve) and 

resilience (number of streams). These results are then  adjusted for specific assets based on 

the concept of Effective (or condition -adjusted) age . E ffective Age is the modified age of the 

asset according to its assessed condition (incl uding the housing/kiosk ) which can be greater 

or less than its actual age (based on date installed).  

This concept is illustrated in Figure C5 below:  
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Figure C 5  ï Derivation of Effective Age from assessed Condition Grades  

The assessed condition is determined via GDN -specific visual condition surveys, where 

available, aligned to common condition grades 1 to 5 with factors derived through expert 

elicitation as follows  and used in the equation as shown under Final Adjustment Calculation 

below :  

Condition 
Grade  

Description  Factor 
(c)  

1  
As new, no 

corrosion  

0.005  

2  
Superficial 

corrosion to asset  

0.1  

3  
Minor corrosion to 

asset  

0.25  

4  
Moderate corrosion 

to asset 

(intervention 

considered).  

0.4  

5  
Severe corrosion to 

asset (intervention 

required)  

0.75  

Table C3 ï c Factors applied in Effective Age assessment   

The age of an individual governor or the mean age of a governor cohort is calculated,  and an 

initial default Condition Grade 2 is applied. To determine the Effective Age, the actual 

condition grade  as per table C3  is used to adjust the Age to an Effective Age using the equation 

below.  

ὉὪὪὩὧὸὭὺὩ ὃὫὩὃὫὩ Ὧ  ÌÎρ ὧ Ⱦ Ὧ  ÌÎπȢω  

Where:  
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Age  is the mean (average) or actual  age of the asset.  

k  is the Weibull Scale and l is the Weibull Shape as outlined in Table C2  

c is the Condition Factor as outlined in Table C3   
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Kiosk  Risk ( Kiosk Condition )  

The assessed condition of the building/housing is used as an adjustment factor, where 

applicable. The derived failure rate multiplication factors are shown in the table below  and 

used in the equation as shown under final adjustment calculation below :  

Condition Grade  
Description  Kiosk  

Factor  

1  
As new  0.5  

2  
minor cosmetic damage to 

kiosk/building  

0.8  

3  
some damage to kiosk/building  

(assessment/monitoring required)  

1 

4  
considerable damage to kiosk/building  

(intervention considered).  

1.5  

5  
severe damage to kiosk/building  

(intervention required)  

2 

Table  C4 ï Factors applied to PoF based on assessed Kiosk  Condition Grade   

Fencing/Security Risk (FS Factor)  

The assessed condition of the fencing and security is used as an adjustment factor, where 

applicable. The fencing/security factor only affects the interference failure mode. The derived 

failure rate  multiplication factors are shown in the table below  and used in the equation as 

shown under Final Adjustment Calculation below :  

Condition Grade  Description  FS Factor  

1  As new, no issues  0.5  

2  

minor cosmetic damage to fencing, no 

security issues  0.8  

3  

Low security concerns/issues, some 

damage to fencing 

(assessment/monitoring required).  1 

4  

Medium security concerns/issues, 

considerable damage to fencing 

(intervention considered).  1.5  

5  

High security concerns/issues, severe 

damage to fencing (intervention 

required).  2 

Table C5 ï Factors applied to PoF based on assessed Fencing/Security Condition Grade   

Where there are multiple components/sub -assets, the worst -case condition applies.  

Flood Risk (Flood Factor)  

In a 2009 Environment Agency report titled ñFlooding in England ï a national assessment of 

flood riskò, the EA identified that some ñ28% of gas infrastructure assets were identified as 

being at significant risk of floodingò.  
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As part of the EAôs approach to managing flood risk they provide mapping datasets for 

classifications/risk levels in relation to flooding as follows:  

¶ Zone 1 (low risk) ï Less than 0.1% probability  of fluvial or tidal flooding . 

¶ Zone 2 (moderate) ï Land assessed, ignoring the presence of flood defences, as having 

between a 1% and 0.1% annual probability of fluvial flooding or between a 0.5% and 

0.1% annual probability of tidal flooding.  

¶ Zone 3 (significant) ï Land assessed, ignoring the presence of flood defences, as 

having a 1% or greater annual probability of fluvial flooding or a 0.5% or greater 

annual probability of tidal flooding.  

For the purposes of the methodology, the following flood risk factors apply  which have been 

derived through expert elicitation and are used in the equation as shown under Final 

Adjustment Calculation below :  

Zone  
Flood 

Factor  

1  
1.0  

2  
1.5  

3  
2 

Table C6  ï Factors applied to PoF based on assessed Flood risk factor according to Zone  

Please note, if sufficient flood protection or defences are in place, ensuring the asset is fully 

protected from flooding, then a Zone 1 factor applies.  

Final Adjustment Calculation  

The calculation applied to the Initial Failure Rate, to include condition, flood and location 

adjustments, is as follows:  

Fail Open/Closed (Nr/Gov/year) = Initial Failure Rate x (exp[(Effective Age ï 

Mean Age) x Deterioration Rate] ) x Kiosk  Factor x FS Factor x Housing  Factor  x 

Coastal Factor  x Flood Factor  

Where:  

Initial Failure Rate  is derived as shown at the start of C3.2.3  

Effective Age  is as described under Condition Risk (Effective Age) in Section C3.2.3  

Mean age  is the average (mean) age of the asset  

Deterioration Rate  is the rate of deterioration of the asset by failure mode, as set 

out in C3.3  

Housing Factor , FS Factor , Location Factor  and Flood Factor  are as described in 

Section C3.2.3  

C3.3 . Governors  Deterioration Assessment  

The impact of deterioration is applied to the following failure mode risk nodes in the Governors 

model:  
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Fail Open and Fail Closed  

The approach taken to model the deterioration in the rate of Fail Open and Fail Closed events 

over time has changed in this version of the Methodology.  

Deterioration rates for each site configuration, pre -  and post - intervention, are derived directly 

from the reliability analysis (detailed in Appendix G) using:  

¶ The derived relationship between asset condition and effective age  

¶ A simulation of how failure rates change over time, considering the interaction between 

regulator and slam -shut assets for site of varying configurations and accounting for 

system resilience (such as Active/Monitor arrangements and multiple streams).  

This is an identical approach as adopted for PRS Pressure Control assets, except Governors is 

a site - level analysis while PRS Pressure Control is by system.  

Corrosion  

Corrosion deterioration was assumed to be 2% per annum through discussion with asset 

experts and using insight gained from the Mains corrosion deterioration analysis in Appendix 

A. The starting failure rate is adjusted using condition surveys as for Fail Open/Closed . 

Corrosion refers to the internal pipework within the Governor station, not the corrosion of 

component assets.  

Emissions  

A deterioration rate  of 1% per annum  applies to General Emissions in the Governor model. 

This figure was derived through discussion with asset experts , DNV GL and ICS.  

Control System and Loss of Gas  

Deterioration of the control system (telemetry and associated electrical and instrumentation 

assets) was assumed to be 10% per annum in line with current assessed replacement rates. 

This deterioration rate applies both to the costs of Control System mainte nance (and the 

consequences arising from lack of maintenance) and to the Loss of Control risk node, which 

models the benefits of having a control system on the loss of gas due to sub -optima l 

downstream network pressures.  

C3.4 . Governors  Consequence of Failure Assessment  

There are several  consequences of failure identified for the Governors  Asset Group. These can 

be viewed in the risk maps and Dat a Reference Library in Section C 2. 5. For simplicity each 

Consequence of Failure for mains has been categorised as Internal Costs, Environmental, 

Health & Safety or Customer consequences . Examples of Governors  consequence modelling 

are also illustrated.  The data source and derivation for all Costs of Failure are explained in the 

Data Reference Library.  

As maintainable assets it is important to consider the consequences of obsolescence  within 

the Governors model (mains and services are replaced when deemed non -serviceable). As 

the probability of failure does not automatically increase when an asset becomes obsolete, 

we have adopted asset management best practice, as applied in other ind ustries, which 

suggests that the consequences of failure  (not  the probability of failure) increase when an 

asset becomes obsolete. For example, that when an asset becomes ob solete the cost and/or 

time and/or impacts of failure are correspondingly greater when this asset is serviceable (e.g. 
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spare parts are not readily available) which may impact on response time/cost and the 

potential length of any service outage. The magnitude of these obsolescence factors is 

estimated using expected values of failure consequence, derived through workshops w ith 

asset experts. As companies spend significant sums of proactive maintenance to avoid 

potentially catastrophic failures, the impact of obsolescence is a significant factor driving 

investment as would be expected.  

C3.4 .1.  Internal Consequence Costs  

Internal consequences  refer both to the proactive costs of preventing failure (or maintaining 

the asset to an acceptable level or risk) and the reactive costs of responding to failure.  

Proactive conseq uences modelled include  the costs of :  

¶ Painting  ï to prevent corrosion  of internal pipework  

¶ Housing  -  to reduce corrosion and reduce the risk of interference  damage  

¶ Fencing ï to reduce risk of interference damage (site security)  

¶ Inspections  ï Reliability Centred Maintenance (RCM) activity to proactively identify 

and  potentially  undertake minor maintenance to remedy faults identified  

¶ Compliance  ï costs of compliance with HSE and other legislative requirements (e.g. 

DSEAR; working at height ; PSSR )  

¶ General Maintenance  ï pre -emptive maintenance  activity  conducted outside of the 

RCM programme  

¶ Pressure Control  ï maintenance of telemetry, electrical and instrumentation systems 

to optimise station pressure control  

Reactive consequences modelled include the costs of responding to control system, corrosion, 

component and interference failures. The costs of repairing the downstream network and 

restoring supplies following a supply outage are also included.  

C3.4.2.  Environment Consequence Costs  

Environmental consequences include the monetary value of product lost due to failures or 

leakage plus the shadow cost of carbon associated with failure or emissions. In particular, the 

shadow cost of carbon increases annually (and hence the consequence val ue increases) in 

line with government carbon valuation guidelines  (refer to Global Values in Section 3.7.2) .  

Environmental consequences modelled include:  

¶ Carbon  ï the external cost of carbon associated with general emissions and loss of 

gas following failures. The environmental costs of burnt and unburnt gas are treated 

separately  

¶ Loss of Gas  ï the product value of the loss of gas due to failure and general emissions . 

These volumetric values are taken from standard industry models  ï National Leakage 

Reduction Monitoring Model (NLRMM).  

C3.4.3.  Health & Safety Consequence Costs  

Health & Safety consequences are primarily associated with the damage caused by ignition 

following asset failure and subsequent entry into customer properties . The largest HSE 

consequence is associated with loss of life, but minor injury and property damage are also 

considered.  The HSE consequences are similar to the Mains and Services models, but include 

potential injury and loss of life at the Governor station itself . 
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C3.4.4.  Customer Consequence Costs  

Customer consequences include compensation payments generated through loss of service 

caused by asset failure. These are categorised into Domestic, Commercial and Critical 

customers to account for the differences in the monetary value of these compensation  

payments.  

The major (non -HSE) consequence of Governor failure is a supply interruption, which can be 

due to over -  or under -pressurisation events. Over -pressurisation would typically arise from a 

total shut -down of the Governor station. Capacity, Fail Open and Fail C losed failure modes 

could potentially result in supply interruptions. The number of properties downstream of the 

Governor can be estimated using throughputs, GIS or (ideally) network modelling analysis. 

Large -scale supply interruptions are rare events and the consequence costs are estimated 

based on real experience and judgement.  

C3.5 . Governors  Intervention Definitions  

Intervention activities can be flexibly defined within the monetised risk trading methodology 

by modelling the change in risk enabled by the intervention activity.  

Some interventions, such as replacing a regulator, will reduce both the Probability of Failure 

and deterioration of the overall asset base, thus changing the monetised risk value over the 

life of the asset. This is called a With Intervention  activity below.  

Other types of intervention may just represent the base costs of maintaining the asset at an 

acceptable level of performance, for example fencing maintenance or  patch  painting to arrest 

corrosion. This is called a Without Intervention  action  below . 

Definitions of activities undertaken as part of normal maintenance (i.e. ówithout interventionô) 

and interventions for governors  are listed below.  

 óWithout interventionô activities: 

¶ Kiosk maintenance  

¶ Housing maintenance  

¶ Civil / Security maintenance  

¶ Patch paint  

¶ VSO2 inspection  

¶ PSSR Inspection  

¶ Routine inspection  

¶ Site husbandry  

óWith interventionô activities: 

Number  Description  Definition  Post Intervention 

Change in PoF  

Intervention 1  Governor 

Replacement  

Replacement of 

complete unit 

including kiosk and  

control system.  

Age=0  

Capacity = 0  

Corrosion = 0.0006  
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DYear=> Int_Year  

Fence 

Interference=0.5  

Kiosk Interference=0.5  

Obsolete factor=1  

Intervention 2  Fencing 

replacement  

Includes installation 

or replacement of a 

fence  

and reduces the 

interference , 

Fence 

Interference=0.5  

Intervention 3  Kiosk replacement  Replacing the entire 

kiosk/housing of the  

governor.  

Kiosk Corrosion = 0.5  

Kiosk Interference=0.5  

Intervention 4a  Governor Major 

Refurbishment  

Site overhaul: full 

painting + soft parts 

+ minor component 

replacement or 

replacement of 

components(s) 

(filter/valve) which 

are the key source of 

condition issues  

Age Effective => 

0. 2*Age Effective  

Intervention 4b  Governor Minor 

Refurbishment  

Improving the 

governor site 

condition by whole 

site painting (reducing 

corrosion) and 

reducing overall site 

deterioration.  

Age Effective => 

0. 8*Age Effective  

Intervention 5  
Regulator 
replacement 

(pressure 

regulation systems 
only, all streams)  

 

Replacement of whole 

regulation stream 

including control 

system. Excludes 

kiosk. Includes 

regulators, filters,  and 

active slams.  

 

Age=0  

Corrosion=0.0006  

Capacity = 0  

DYear=> Int_Year  

Obsolete factor=1  

Intervention 6  ERS Replacement  

(Governor 

relocation)  

Replacement of 

underground module 
with an  

above ground 

governor ,  

 

Age=0  

Capacity = 0  

Housing = 1  

Corrosion = 0.0006  
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DYear=> Int_Year  

Fence 

Interference=0.5  

Kiosk Interference=0.5  

Obsoletefactor=1  

Intervention 7  Service Governor 

Replacement  

Replacement of 

complete unit within 

kiosk  

Capacity = 0  

Kiosk Corrosion = 0.5  

DYear=> Int_Year  

Kiosk Interference=0.5  

Obsoletefactor=1  

Intervention 8  Governor 

Decomissioning  

Decommissioning of 

Governor (no 

replacement)  

Total Risk => 0  

Intervention 9  Kiosk Refurb  Refurbishing the 

entire kiosk/housing 

of the  

governor  

 

Age = Age Effective  

Kiosk Corrosion = 0.8  

Kiosk Int = 0.8  

Intervention 10  
Regulator (pressure 

reduction systems 
only, single stream) 

replacement  

 

Replacement of one of 

multiple regulation 
streams (assumes all 

streams carry 
equivalent risk. All 

components on the 

stream. Includes 
regulators, filters and 

active slams.  

 

Derived from reliability 

modelling (see 

Appendix G)  

Intervention 11  Corrosion 

remediation  

Intervention 

specifically to resolve 

corrosion issues on 

site  

Age=0  

Corrosion=0.0006  

Capacity = 0  

DYear=> Int_Year  

Obsolete factor=1  

Intervention 12  Capacity Refurb  Intervention 

specifically to remove 

capacity constraints.  

Capacity = 0  

Age Effective => 

0.65*Age Effective 

(Corrosion only)  

Table C7 ï Potential With -  and Without Intervention investment options for Governors  

The currently assumed intervention lives for Governor assets, for use in LTR calculations are 

listed below.  
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Number  Description  Intervention Life  Rationale  

Intervention 1  Governor Replacement    

Intervention 2  Fencing replacement    

Intervention 3  Kiosk replacement    

Intervention 4a  Governor Major 

Refurbishment  

  

Intervention 4b  Governor Minor 

Refurbishment  

  

Intervention 5  Regulator 

Replacement  

  

Intervention 6  ERS Replacement 

(Governor relocation)  

  

Intervention 7  Service Governor 

Replacement  

  

Intervention 8  Governor Removal    

Intervention 9  Kiosk Refurb    

Intervention 10  Partial Site (Stream) 

Replacement  

  

Intervention 11  Corrosion remediation    

Intervention 12  Capacity Refurb    

C3.5 .1.  Governors  Intervention Benefits  

The risk modelling tools developed provide the ability to flexibly model any intervention by 

adjusting the values of the calculated risk nodes to match the expected performance of the 

asset following intervention. For example, pain t ing of internal pipework will reduce the 

probability of a corrosion failure and potentially the deterioration rate of corrosion.  This allows 

the new risk value to be calculated post - intervention and compared with the pre - intervention 

(do nothing) monetised risk.  

Compared to Mains and Services, there are many alternative interventions possible at 

Governor stations. Because of the degree of resilience built into the assets and the high level 

of proactive maintenance activity and programmes of investment, failure rat es are generally 

low.  

The developed models allow ñnegativeò interventions to be modelled to test the benefits of 

existing (and ongoing) proactive maintenance work. For example,  the benefit of Fencing and 

Housing maintenance programmes can be tested by removing these costs from the 

programme (and thereby reducing the baseline level of monetised risk). By assessing the 

increased failure rate (or consequences) arising from this lac k of proactive maintenance the 

cost -effectiveness of these interventions can be quantified.  
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Intervention lives for Governor  asset s for GD3 will be provided in the NARM GD3 BPDT 

template in Q3 2024 . The below table and methodology will be updated upon the final NARM 

submissio n. 

Number  Description  Intervention Life  Rationale  

Intervention 

1  

Governor 

Replacement  

  

Intervention 

2  

Fencing 

replacement  

  

Intervention 

3  

Kiosk 

replacement  

  

Intervention  

4a   

Governor 

Major 

Refurbishment  

  

Intervention  

4b  

Governor 

Minor 

Refurbishment  

  

Intervention 

5  

Regulator 

Replacement  

  

Intervention 

6  

ERS 

Replacement  

  

Intervention 

7  

Service 

Governor 

Replacement  

  

Intervention 

8  

Governor 

Removal  

  

Intervention 

9  

Kiosk Refurb    

Intervention 

10  

Partial Site 

(Stream) 

Replacement  

  

Intervention 

11  

Corrosion 

remediation  

  

Intervention 

12  

Capacity 

Refurb  

  

C3.5 .2.  Example Governors  Interventions  

Two examples  of Governor  interventions are provided for illustration of the process using a 

subset of GDN data.  

¶ Governor replacement ï a With Investment intervention  
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¶ Governor Housing and Fencing maintenance ï a Without Investment intervention. This 

will be modelled as a ñnegativeò intervention (as described above) to assess the 

benefits of the current proactive maintenance spend  

The baseline level of monetised risk for each financial risk node is shown below:  

 

Figure C 6  ï Example baseline monetised risk for Governors over 45 years  

Figure C 6 shows how the baseline risk for all Governors changes over 45 years. Deterioration 

is generally low (due to inbuilt resilience and underlying proactive maintenance) until 

populations  of specific regulator models become obsolete, thus significantly changing the level 

of monetised risk (e.g. at 30 years when the ERS and Tartarini  regulator model s become 

obsolete) . 

Regulator  Replacement  

For the purposes of the example Governor cohorts have been created using:  

¶ Installation Type (e.g. regulator at District; I&C; Service  Governor )  

¶ Age  of regulator  

It is important to use Age within cohort definitions to enable the impact of obsolescence to 

be modelled accurately.  
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Table C8 -  Selected cohorts for intervention planning  
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For this example,  we will model the impact of replacing all regulator assets with an age of 46 years over an 8 year period . 

 

Table C9 -  Intervention plan to replace all 46 year old assets  

The pre -  and post - intervention rules that have been developed to model replacement of 46 year old regulators  are shown in the figure  

below  taken from the MRS Governors model .  
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Table C10 -  Pre -  and post - intervention rules for Regulator replacement  

Where:  

Fault Detection Rate , Fail Open  and Fail Closed  are  described under Section C.3.2.1  

Age Effective  is as described under Condition Risk (Effective Age) in Section C.3.2.3  

DYear  is the number of years that deterioration is applied for.  

Gov_system_deterioration  is deterioration as described in Section C3.3  

Housing is Housing Factor and Coast  is Coastal  Factor, both described in Section C.3.2.3  

 

Node Rule Test Value

Failure Closed  Nr/Gov/Yr
fault_detection_rate*FAIL_CLOSED*exp((AGE_EFFECTIVE-

age_mean+DYear)*gov_system_deterioration)*HOUSING*COAST 3.99362E-05

Failure Open  Nr/Gov/Yr
fault_detection_rate*FAIL_OPEN*exp((AGE_EFFECTIVE-

age_mean+DYear)*gov_system_deterioration)*HOUSING*COAST 3.42587E-05

BaseLine

Failure Closed  Nr/Gov/Yr
fault_detection_rate*FAIL_CLOSED*0.8*exp((DYear)*gov_system_deterioration)*

HOUSING*COAST 2.25141E-05

Failure Open  Nr/Gov/Yr
fault_detection_rate*FAIL_OPEN*0.8*exp((DYear)*gov_system_deterioration)*HO

USING*COAST 1.93133E-05

Intervention 5

Regulator
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In simple terms, the benefit of replacing the regulator asset (only in this intervention) is to 

reduce the initial probability of failure to the value of an asset with an Effective Age of zero 

( i.e.,  a new asset). The failure rate of the pre - intervention asset is based on its configuration, 

Effective Age (based on condition survey), its location (coastal or non -coastal) and housing 

type. The deterioration rate of regulators pre -  and post - replacement i s assumed to be the 

same at present, but as the initial f ailure rate of the new asset is very low the impact of this 

deterioration assumption is minor.  

Applying these rules and modelling the costs and benefits over a 45 year period delivers the 

following risk reduction profile. A cumulative monetised risk reduction of £1.1million has been 

delivered over 8 years. By 45 years this cumulative risk reduction benefit has risen to £24.5 

million for an initial £4.1 million (discounted) investment. This investment is highly cost 

beneficial due to the benefits of replacing obsolete assets.  

 

 

Table C11 -  Discounted costs and benefits per annum of replacing all 46 year old Governors  

Housing and Fencing Replacement  

A similar modelling approach was adopted to model the benefits of the ongoing investment 

in Governor painting and kiosk replacement. For the purposes of this example some simple 

assumption s are made:  

¶ No painting or kiosk maintenance is undertaken  

¶ A tenfold increase in the rate of corrosion deterioration (initial corrosion levels in Year 

0 are unchanged)  

¶ As a result of no maintenance the rate of interference  increases by 10 %  

When these ñnegativeò interventions are modelled the pre-  and post - intervention monetised 

risk profiles can be compared.  

The modelled intervention plan is shown below. For all maintenance interventions all cohorts 

will be changed (i.e. subject to reduced maintenance), in this case from Year 1.  
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Table C1 2  -  Intervention plan modelling impact of stopping painting and kiosk maintenance 

interventions  
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Appendix D ï LTS Pipelines  

D1.1.  OLI1 Pipelines  

Transmission pipelines operating at pressures above 7 bar but not exceeding 10 0 bar. 

Includes all pipelines that can be inspected using internal inspection vehicles (OLI1) or other 

internal inspection technique and includes pig trap installations.  

D1.2.  OLI4 Pipelines  

Transmission pipelines that cannot be inspected internally due to changes in diameter, tight 

radius bends or other limiting features. Operate at pressures above 7 bar but not exceeding 

100 bar. Inspection method is OLI4.  

D1.3.  Crossings  

Sections of pipeline constructed to cross features such as rivers, railway lines etc. Category 

includes any pipe bridges, support structures, anti -vandal guards etc. Crossings can be Above 

Ground (Exposed) or Below Ground. Crossing sections are modelled as  an attribute of the LTS 

Pipeline within the LTS Pipeline model.  

D1.4.  Sleeves  

Type 1 & 2 sleeves (Nitrogen/Construction) used for protection/proximity purposes , high 

traffic density  or for construction ( i.e.,  road crossings). Edition 5 of IGEM standard TD/1 now 

requires that protection / proximity issues are addressed by heavy wall pipe rather than 

sleeves . Sleeves are modelled as a secondary asset, which is assigned to the parent  pipeline  

within the LTS Pipeline Risk M odel .  It should be noted that the model assesses the risk of the 

sleeved section of pipeline as a whole within the m odel.  

D1.5.  Block Valves  

In - line isolation valves & actuators including bypass & bridle & associated pressure points. 

Also includes civils infrastructure such as fences, pits etc. Block Valves are modelled as a 

secondary asset , which is assigned to the parent pipeline  within the LTS Pipeline Risk M odel . 

D1.6.  Cathodic Protection  

Cathodic Protection (CP) is the system and / or subsystems that are used to protect all steel 

pipelines from external corrosion. CP is typically provided either by impressed current 

systems, including transformer rectifiers, ground beds  and test posts, or via the attachment 

of sacrificial anodesô CP is treated as an attribute within the failure nodes of the LTS pipeline 

model.  
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D2.1.  LTS Pipelines Failure Modes  

Failure Modes have been identified for LTS Pipelines consistently with the process outlined in 

Section 3.4 of the main methodology. Failure modes were identified through a number of 

workshops with asset experts and through careful analysis of available dat a held by 

companies to assess and quantify the rate of failures and future asset deterioration . The 

failure modes for LTS Pipelines include:  

¶ Faults  ï a defect that has the potential to lead to a wall loss failure. -  

¶ Corrosion  ï either internal or external corrosion of the pipe . 

¶ Mechanical  failures  -  including material and weld defects created when the pipe was 

manufactured or constructed . 

¶ General failures  ï general and other causes, e.g. due to over -pressurisation, fatigue 

or operation outside design limit . 

¶ Interference  ï external interference caused by third parties . 

¶ Ground movement  -  either natural e.g. landslide, or man -made e.g. excavation or 

mining . 

¶ Capacity  ï capacity issues identified on pipelines . 

Failure Modes are highlighted in on the risk map in D2.3.  

D2.2.  LTS Pipelines Consequence Measures  

Consequence measures have been identified for LTS Pipelines consistently with process 

identified in section 3.5 of the main methodology .  

A leak  is defined as a gas escape from a stable hole whose size is less than the diameter of 

the LTS pipeline (TD2 Edn2). The model has the ability to model leaks of different sizes.  

A rupture  is a gas escape through an unstable defect which extends during failure to result in 

a full break or failure of an equivalent size to the pipeline  diameter  (TD2 Edn2).  

The number of leaks/ruptures per year is calculated based on the frequency of corrosion, 

mechanical failures, general failures, interference events, ground movement failures 

combined with the probability that each of the failure modes will lead to a leak/r upture 

respectively. These failures can then  in turn result in several  consequences such as:  

¶ Loss of gas  

¶ Ignitions  

¶ Non - ignition impacts  

¶ Health and safety incidents  

¶ Supply interruptions  

¶ Reactive repair costs  

¶ Prosecution costs  



Appendices -  Detailed Asset Assessments  
 

Version 6 ï February 2026   

Page 176  

 

Consequence values  (both probability of occurrence and financial effect)  are dependent on 

the consequences events being assessed. Some of these consequences are clearly inter -

related, as detailed in the risk map.  

D2.3.  LTS Pipelines Risk Map  

 

Figure D -  1  -  Risk Map Key  

As pe r the process described within S ection 3. 6 of the main methodology , the risk map for 

LTS Pipelines  is shown below:  

Figure D -1 outlines the risk map key for LTS . The risk map is colour coded for each node of 

the event tree to indicate which values are associated with each node . The colours are 

reflected in both the risk map and risk map template in Figures D2 and D3.  

 

 

 

Asset Data  

Explicit Calculation  

Consequence  

Financial outcome (monetised risk)  

Willingness to pay/Social Costs (not used)  

System Reliability (not used)  

Customer outcome/driver  

Carbon outcome/driver  

Health and safety outcome/driver  

Failure  Mode  
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Figure D -  2  - LTS Risk Map  
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D2.4.  LTS Pipelines Risk Template  

The following table demonstrates how the total risk value is derived for any given LTS Pipeline  cohort . An individual, populated risk map is developed for every asset to be modelled to deliver a baseline 

monetised risk value prior to intervention modelling.  

 

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.00£                  

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.00£                  

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             0.00£                  

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.00£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.00£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.00£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             0.00£                  

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   0.00£                  

Minor Persons 0.084456603 F_Minor 185,000.00£       0.00£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       0.00£                  

F_Legal penalty 20,000,000.00£   0.00£                  

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              0.00£                  

F_Loss of gas 0.22£                0.00£                  

F_Repair_Leak 65,000.00£         0.00£                  

F_Prosecution_Leak 20,000.00£         0.00£                  

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.00£                  

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.00£                  

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             0.00£                  

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.00£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.00£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.00£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             0.00£                  

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              0.00£                  

F_Loss of gas 0.22£                0.00£                  

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   0.00£                  

Minor Persons 0.084456603 F_Minor 185,000.00£       0.00£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       0.00£                  

F_Legal penalty 20,000,000.00£   0.00£                  

Non-Ign Minor Persons 0.000484152 F_Minor 185,000.00£       0.00£                  

Non-Ign Death Major Persons 4.84152E-05 F_Death 16,000,000.00£   0.00£                  

F_Prosecution_Rupture 500,000.00£       0.00£                  

F_Cutout Replace 1,500,000.00£    0.00£                  

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.60£                  

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.03£                  

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             0.02£                  

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.00£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.00£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.00£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             0.03£                  

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              0.06£                  

F_Loss of gas 0.22£                0.02£                  

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   0.90£                  

Minor Persons 0.084456603 F_Minor 185,000.00£       0.00£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       0.00£                  

F_Legal penalty 20,000,000.00£   0.23£                  

Non-Ign Minor Persons 0.000484152 F_Minor 185,000.00£       0.00£                  

Non-Ign Death Major Persons 4.84152E-05 F_Death 16,000,000.00£   0.00£                  

F_Prosecution_Rupture 500,000.00£       0.04£                  

F_Cutout Replace 1,500,000.00£    0.11£                  

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          55.47£                

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          3.19£                  

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             2.13£                  

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.06£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.28£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.06£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             2.77£                  

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   202.40£              

Minor Persons 0.084456603 F_Minor 185,000.00£       0.04£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       1.11£                  

F_Legal penalty 20,000,000.00£   51.36£                

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              1.27£                  

F_Loss of gas 0.22£                0.33£                  

F_Repair_Leak 65,000.00£         3.00£                  

F_Prosecution_Leak 20,000.00£         0.92£                  

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          121.94£              

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          7.01£                  

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             4.69£                  

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.12£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.61£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.12£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             6.10£                  

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              12.35£                

F_Loss of gas 0.22£                3.23£                  

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   183.03£              

Minor Persons 0.084456603 F_Minor 185,000.00£       0.04£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       1.00£                  

F_Legal penalty 20,000,000.00£   46.45£                

Non-Ign Minor Persons 0.000484152 F_Minor 185,000.00£       0.00£                  

Non-Ign Death Major Persons 4.84152E-05 F_Death 16,000,000.00£   0.00£                  

F_Prosecution_Rupture 500,000.00£       7.62£                  

F_Cutout Replace 1,500,000.00£    22.86£                

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          296.19£              

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          17.03£                

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             11.40£                

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.30£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             1.48£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.30£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             14.81£                

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   1,080.69£            

Minor Persons 0.084456603 F_Minor 185,000.00£       0.21£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       5.93£                  

F_Legal penalty 20,000,000.00£   274.23£              

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              6.80£                  

F_Loss of gas 0.22£                1.78£                  

F_Repair_Leak 65,000.00£         16.04£                

F_Prosecution_Leak 20,000.00£         4.94£                  

Loss of Gas

0-1
1

Rupture Ignition

0-1
0.15235763

Total Ignitions

0-1
1

Non-Ign Impact

0-1
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Continued overleafé. 

 

 

 

Figure D -  3  -  LTS Risk Map Template  

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          1.03£                  

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.06£                  

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             0.04£                  

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.00£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.01£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.00£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             0.05£                  

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              0.10£                  

F_Loss of gas 0.22£                0.03£                  

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   1.54£                  

Minor Persons 0.084456603 F_Minor 185,000.00£       0.00£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       0.01£                  

F_Legal penalty 20,000,000.00£   0.39£                  

Non-Ign Minor Persons 0.000484152 F_Minor 185,000.00£       0.00£                  

Non-Ign Death Major Persons 4.84152E-05 F_Death 16,000,000.00£   0.00£                  

F_Prosecution_Rupture 500,000.00£       0.06£                  

F_Cutout Replace 1,500,000.00£    0.19£                  

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          5.48£                  

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.32£                  

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             0.21£                  

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.01£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.03£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.01£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             0.27£                  

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   20.01£                

Minor Persons 0.084456603 F_Minor 185,000.00£       0.00£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       0.11£                  

F_Legal penalty 20,000,000.00£   5.08£                  

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              0.13£                  

F_Loss of gas 0.22£                0.03£                  

F_Repair_Leak 65,000.00£         0.30£                  

F_Prosecution_Leak 20,000.00£         0.091408793£      

F_Rep_Int 60,125.00£         1.962840603£      

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          1.444726068£      

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.083071749£      

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             0.055585835£      

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.001444726£      

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.007223630£      

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.001444726£      

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             0.072236303£      

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              0.146335879£      

F_Loss of gas 0.22£                0.038326064£      

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   2.168561078£      

Minor Persons 0.084456603 F_Minor 185,000.00£       0.000429898£      

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       0.011901260£      

F_Legal penalty 20,000,000.00£   0.550287599£      

Non-Ign Minor Persons 0.000484152 F_Minor 185,000.00£       0.000000000£      

Non-Ign Death Major Persons 4.84152E-05 F_Death 16,000,000.00£   0.000000001£      

F_Prosecution_Rupture 500,000.00£       0.090295379£      

F_Cutout Replace 1,500,000.00£    0.270886138£      

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.825872371£      

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          0.047487661£      

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             0.03£                  

Props_Com large  Nr/Asset 40 F_Com large 200.00£             0.00£                  

Props_Com small Nr/Asset 200 F_Com Small 200.00£             0.00£                  

Props_Critical Nr/Asset 40 F_Critical 200.00£             0.00£                  

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             0.04£                  

Rail m 0 F_Rail -£                 -£                   

Road m 0 F_Road -£                 -£                   

Death Major Persons 4.925972076 F_Death 16,000,000.00£   3.01£                  

Minor Persons 0.084456603 F_Minor 185,000.00£       0.00£                  

Property Damage Props 2.288608039 F_Building Damage 189,000.00£       0.02£                  

F_Legal penalty 20,000,000.00£   0.76£                  

Carbon Loss of Gas m3 0.014 F_Carbon 60.00£              0.02£                  

F_Loss of gas 0.22£                0.00£                  

F_Repair_Leak 65,000.00£         0.04£                  

F_Prosecution_Leak 20,000.00£         0.01£                  

F_Rep_Ground 1,350,000.00£    0.93£                  

Props_Critical Nr/Asset 40 Pop Scalar 0-1 869.5652 Displacement people/prop 0.23 F_Displacement 1,000.00£          -£                   

Props_Domestic Nr/Asset 2000 Displacement people/prop 0.23 F_Displacement 1,000.00£          -£                   

Complaint_SSI Nr/Asset 684 F_Complaint SI 450.00£             -£                   

Props_Com large  Nr/Asset 40 F_Com large 200.00£             -£                   

Props_Com small Nr/Asset 200 F_Com Small 200.00£             -£                   

Props_Critical Nr/Asset 40 F_Critical 200.00£             -£                   

Props_Domestic Nr/Asset 2000 F_Domestic 200.00£             -£                   

F_Capacity 1,000,000.00£    -£                   

Embodied Carbon tonnes 0 F_Embodied Carbon 60.00£              -£                   
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D2.5.  LTS Pipelines Data Reference Library  

As per Section 3.7 of the main report , the following table gives a description of data 

required for nodes on the LTS Pipelines Risk Map ( Event Tree ) .  Demand mix generation is 

a longer - term evolutionary piece which GDNs will need to consider due to the inherent 

adjustment to baseline monetised risk as a result of customer demand changing . Customer 

number updates can be reflected in the modelling base data that supports asset 

investment decision making, therefore it can be undertaken periodically where required. 

A customer base data refresh will  be undertaken after the completion of the current GD2 

price control and at the completion of later price controls as net zero impacts effect 

methane gas distribution use .  

Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

Age  Age of individual 

pipeline, sleeve or 

valve  

Calculation using individual 

asset age where known or 

assumed values used (as Year 

Install).  

 

GDN 

Specific  

Capacity  Flag to define whether 

a LTS pipeline has a 

known capacity issue. 

P_SI_Capacity is the 

probability of a supply 

interruption given a 

capacity exceedance 

event.  

Binary value used at asset level 

where known capacity issues 

using off - line sizing/capacity 

analysis.  Capacity issues 

flagged in data with a 'Y'  

GDN 

Specific  

Carbon Loss of 

gas  

m 3 of carbon 

equivalent 

(CO2e)arising from 

loss of gas or general 

emissions  

Value calculated by each GDN 

based on actual gas composition 

in the network.  

Relative Density x Carbon 

Equivalent  

GDN 

Specific  

Complaint SI  Complaint arising from 

supply interruption.  

Percentage of people who 

complain multiplied by the 

customers supplied. Assumes 

30% of customers (residential, 

small commercial, large 

commercial and critical) and all 

direct fed customers complain  

Common  

Corrosion  Frequency of corrosion 

failures associated 

with LTS pipework or 

valves.  

Existing PIE report 

(PIE/14/TN113), using 

Weibull probability distribution 

curve based on wall thickness 

deterioration and corrosion 

GDN 

Specific  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

resistance (high, average, low). 

Other calculation factors include 

type of coating, history of town 

gas usage, defects and sleeve 

condition.  

Death and 

Major  

Number of deaths 

following an explosion 

(caused by ignition of 

a pipeline 

leak/rupture).  

Number of deaths of people in 

surrounding houses and 

immediate vicinity  

The Building  Burning  Distance is 

closest to the pipeline. It is 

assumed there would be a 50% 

chance of a loss of life and 50% 

chance of major injury in the 

area defined by the Building 

Burning Distance (Inner Zone : 

pipeline to the Building Burning 

Distance ).  

The Escape Distance  is further 

away . The zone from the 

Building Burning Distance to the 

Escape Distance is termed the 

Middle Zone.  It is assumed there 

would be a 5% chance of a loss 

of life or a major injury in the 

Middle Zone.  

As a default value we use 1 

property per hectare for Rural 

and 10 properties per hectare 

for Suburban areas ï based on 

TD1 and advice from DNV GL . . 

GDNs can perform own analysis 

and change these values if 

required.  

 

Building Burning Distance  (BBD) 

-  Distance to thermal radiation 

flux (heat radiation from 

ignition) causing piloted ignition 

of wood, for  almost all 

assessments this is assumed to 

be from piloted ignition.  BBDs 

for ruptures in metres are given 

GDN 

Specific  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

for four case study pipelines of 

varying diameter and wall 

thickness in TD2 Appendix 6.  

Escape Distance (ED) -  Closest 

distance at which people moving 

away from the fire receive less  

than the dangerous dose 

without resort to shelter.  EDs for 

ruptures in metres are given for 

four case study pipelines of 

varying diameter and wall 

thickness in TD2 Appendix 6  

Displacement  Number of persons 

displaced (relocated) 

due to Supply 

Interruption  

As per the latest OFGEM 

Domestic Suppliers Social 

Obligations report (2014) the 

number of customers on the 

Priority Services Register is at 

2.3 million (10%). The PSR 

eligibility covers the disabled, 

chronically sick, pensionable 

age and those households w ith 

children under the age of 5.  

https://www.ofgem.gov.uk/site

s/default/files/docs/2015/09/an

nual_report_2014_final_0.pdf  

Therefore assumed 10%, i.e. all 

customers on PSR are displaced.  

Common  

Faults  Frequency of wall 

thickness defects  

Uses defects per km pre and 

post 1972. Defect frequency for 

pipes with install dates <=1972 

based on lognormal distribution  

GDN 

Specific  

F_Capacity  Fines for non -

compliance. Failure to 

address known 

capacity issue  

Default/assumed value agreed 

with SRWG  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

GDN 

Specific  

F_Cathodic 

Protection  

Annual Cost of 

maintaining compliant 

Cathodic Protection 

schemes  

Data taken from company 

systems.  

GDN 

Specific  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

F_Compliance  Annual Cost of 

ensuring compliance 

with relevant 

regulations, i.e. aerial 

surveys, river surveys, 

access prevention 

measures  

Data taken from company 

systems.  

GDN 

Specific  

F_Condition 

Monitoring  

Annual Cost of 

undertaking condition 

monitoring.  

Data taken from company 

systems.  

GDN 

Specific  

F_Cutout 

Replace  

Average cost of 

repairing (cut -out and 

replace) a LTS pipeline 

following a rupture  

Data taken from company 

systems where available, or a 

default/assumed value agreed 

with SRWG  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

GDN 

Specific  

F_Displacemen

t  

Cost of displacement 

per person  

includes 

transportation, 

accommodation, 

meals, welfare 

arrangements, etc.  

 

Data taken from company 

systems where available, or a 

default/assumed value agreed 

with SRWG  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

GDN 

Specific  

F_General 

Maintenance  

Annual Cost of 

undertaking 

maintenance activities 

not captured within 

other Financial nodes  

Data taken from company 

systems.  

GDN 

Specific  

F_Land Costs  Annual Cost of 

easement and access 

rights.  

Data taken from company 

systems where available, or a 

default/assumed value agreed 

with SRWG  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

GDN 

Specific  

F_Legal 

penalty  

Cost of legal 

enforcement and 

penalty payments 

following 

ignition/explosion  

Default/assumed value agreed 

with SRWG based on historical 

incidents.  

Common  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

F_Prosecution

_Leak  

Cost of legal 

enforcement and 

penalty payments 

following gas leak  

Default/assumed value agreed 

with SRWG  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

Common  

F_Prosecution

_Rupture  

Cost of legal 

enforcement and 

penalty payments 

following pipe rupture  

Default/assumed value agreed 

with SRWG  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

Common  

F_Rail  Cost of damage to 

network rail 

infrastructure  

Default/assumed value agreed 

with SRWG for regional 

railways. Based on elicitation by 

ICS, DNV GL and GDN experts. 

Scalar applied to Principle 

railways and Local railways.  

Common  

F_Rep_Ground  Costs associated with 

ground movement that 

has not led to a 

rupture or leak.  

Data taken from company 

systems where available, or a 

default/assumed value agreed 

with SRWG. Based on elicitation 

by ICS, DNV GL and GDN 

experts.  

This value is multiplied by (1 -

probability of ground movement 

leading to a rupture -probability 

of ground movement leading to 

leak) to ensure there is no 

double counting with 

F_Cutout_Replace and 

F_Repair_Leak  

GDN 

Specific  

F_Rep_Int  Cost of fixing a 

interference incident 

that has not led to a 

rupture or leak  

Data taken from company 

systems where available, or a 

default/assumed value agreed 

with SRWG.  Based on elicitation 

by ICS, DNV GL and GDN 

experts.   

This value is multiplied by (1 -

probability of interference 

leading to a rupture -probability 

of interference leading to leak) 

GDN 

Specific  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

to ensure there is no double 

counting with F_Cutout_Replace 

and F_Repair_Leak  

F_Repair_Leak  Average cost of 

repairing a LTS 

pipeline leak due to a 

failure  

Data taken from company 

systems where available, or a 

default/assumed value agreed 

with SRWG.  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

GDN 

Specific  

F_Road  Cost of road damage, 

reinstatement, and 

disruption based on 

road classification  

Default/assumed values agreed 

with SRWG based on Local 

authority notification, TFL 

authority, plant permit, road 

signage, public 

notification/liaison, 

reinstatement and road type.  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

Common  

F_Surveillance  Annual Surveillance 

Costs -  reactive cost 

from aerial/vantage 

surveys (SRP visits)  

Data taken from company 

systems where available, or a 

default/assumed value agreed 

with SRWG.  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

GDN 

Specific  

General Failure  General and other 

causes -  "due to over -

pressurisation, fatigue 

or operation outside 

design limits" IGEM 

TD2 p24  

Data taken from company 

systems where available, or a 

default value as per IGEM TD2 

pg50  

GDN 

Specific  

Ground 

Movement  

Either natural, for 

example landslide or 

man -made, for 

example excavation or 

mining" IGEM TD2 p24  

Data taken from company 

systems where available, or a 

default calculation used as per 

TD2. Pipeline failure frequency 

is obtained from the landslide 

incident rate IGEM TD2 pg48 

Table 8. This is scaled up based 

on the landslide potential to 

obtain the value s detailed in 

Table 8.  

GDN 

Specific  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

This includes watercourses and 

flood potential. Survival value 

for poor quality and high quality 

girth welds used as per IGEM 

TD2 pg49 fig15  

Interference  Failures due to 3 rd  

party interference  

Data taken from company 

systems where available, or a 

default calculation used as per 

TD2. Generic failure frequency 

for pipelines in rural areas is 

given in Fig 13 IGEM TD2 pg44  

Failure frequency in a suburban 

area is 4 times that in a rural 

area IGEM TD2 p25  

Reduction in external 

interference probability of 

failure based on wall thickness 

and design factors IGEM TD2 

pg27  

Reduction rate based on depth 

of cover, surveillance frequency 

and protection (concrete 

slabbing)/marker posts IGEM 

TD2 pg28, 29, 30, 39Valves 

interference failures 

default/assumed value agreed 

with SRWG.  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

GDN 

Specific  

Leak  Stable gas escape -  

gas escape from stable 

hole with size less than 

diameter of pipe (IGEM 

TD2 A4.1 page 43)  

Value of 1 used as a multiplier to 

enable the grouping/summation 

of the probability of corrosion, 

mechanical, general, 

interference and ground 

movement failures  

Common  

Leak Ignition  The probability of 

ignition following a 

leak  

Assumes small hole of 40mm 

diameter IGEM TD2 pg43 (upper 

end of classification) but with 

uncertainty, upper bound on 

ignition probability of 0.44  

Common  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

Loss of gas  Sums loss of gas from 

leaks and ruptures  

Value of 1 used as a multiplier to 

enable the grouping/summation 

of the probability of Gas Leak 

and Gas Rupture  

Common  

Mechanical 

Failure  

Mechanical failure 

including material and 

weld defects created 

when the pipe was 

manufactured or 

constructed (IGEM 

TD2 p24)  

Data taken from company 

systems where available, or a 

default calculation used as per 

TD2. IGEM TD2 pg47 table 7 

provides frequencies related to 

wall thickness. For pipelines 

commissioned after 1980, the 

material and construction failure 

frequency rate can  be assumed 

to reduce by a factor of 5 (IGEM 

TD2 pg48)  

GDN 

Specific  

Minor  Number of minor 

injury of people in 

surrounding houses 

and immediate vicinity  

See Death and Major.  

We assume that 5% of 

population in the Middle Zone 

suffer a minor injury (the other 

5% is killed or suffers a major 

injury).  

GDN 

Specific  

Non - Ign Death 

Major  

Number of death / 

major injury from non -

ignition  

See Death and Major.  

Assumes 1% of the people living 

in the Building Burning Distance 

( Inner Zone )  would be in the 

immediate vicinity and there is a 

0.1% likelihood of them being 

killed or suffer a major injury.  

 

GDN 

Specific  

Non - Ign 

Impact  

Probability of impact 

from non - ignition 

events -  e.g. blast 

damage -  pressure 

wave. Release of 

pressure energy from 

the initial fractured 

section; pressure 

generated from 

combustion during the 

initial phase if the 

release is ignited 

Probability of a blast impact 

assumed to be negligible 

compared to fire effects p12 

TD2, therefore a small value has 

been used , 0.00001 )  

GDN 

Specific  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

immediately; missiles 

generated from 

overlying soil or from 

pipe fragments (IGEM 

TD2 pg12)  

Non - Ign Minor  Number of minor 

injuries from non -

ignition  

Assumes 1% of the people living 

in the Building Burning Distance 

( Inner Zone )  would be in the 

immediate vicinity and there is a 

1% likelihood of them suffering 

a minor injury.  

As a default, use 2. 3 people per 

hectare for Rural and 2 3 people 

per hectare for Suburban ï 

based on TD1 and advice from 

GL (Phil Baldwin). However, 

GDNs can perform own analysis.  

 

Building Burning Distance  (BBD) 

-  Distance to thermal radiation 

flux (heat radiation from 

ignition) causing piloted ignition 

of wood, for  almost all 

assessments this is assumed to 

be from piloted ignition.  BBDs 

for ruptures in metres are given 

for four case study pipelines of 

varying diameter and wall 

thickness in TD2 Appendix 6.  

 

GDN 

Specific  

Property 

Damage  

Number of property 

damage due to 

ignition/explosion 

impact  

Assumes 100% of properties in  

the Building Burning Distance 

( inner zone )  and 25 % in middle 

zone are destroyed /damaged. 

However, GDNs can perform 

own analysis.  

Multiply by property density 

(depends on rural /suburban).  

As a default value we use 1 

property per hectare for Rural 

and 10 properties per hectare 

Common  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

for Suburban areas ï based on 

TD1 and advice from DNV GL. 

GDNs can perform own analysis 

and change these values if 

required.   

 

Props_Com 

large  

Number of large 

commercial properties 

affected by supply 

interruption (Xoserve 

categories: C3 and C4 

type properties)  

Data taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & redundancy  

GDN 

Specific  

Props_Com 

small  

Number of small 

commercial properties 

affected by supply 

interruption (Xoservce 

category: C1 type 

properties)  

Data taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & redundancy  

GDN 

Specific  

Props_Critical  Number of critical 

properties affected by 

supply interruption 

(Xoserve categories: 

C2 and I2 type 

properties)  

Data taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & redundancy  

GDN 

Specific  

Props_Domesti

c 

Number of 

domestic properties 

affected by supply 

interruption (Xoserve 

category: D1 type 

properties)  

Data taken from company 

systems based on either 

network analysis or 

assumptions based on 

demands, flow & redundancy  

GDN 

Specific  

Rail  damage to network rail 

infrastructure caused 

by a pipeline 

ignition/explosion  

length of rail as a proxy to 

probability of rail damage used  

GDN 

Specific  

Road  road damage, 

reinstatement, and 

disruption caused by a 

pipeline 

ignition/explosion  

length of road as a proxy to 

probability of rail damage used  

GDN 

Specific  

Rupture  Unstable gas escape -  

gas escape from 

Value of 1 used as a multiplier to 

enable the grouping/summation 

Common  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

unstable hole with size 

equal or greater than 

diameter of pipe  

(IGEM TD2 A4.1 page 

43). A rupture release 

is a full bore , double -

ended break or 

equivalent from which 

gas is released into a 

crater from both 

sections of pipe (IGEM 

TD2 4.4.1 pg11)  

of the probability of mechanical, 

general, interference and 

ground movement failures  

Rupture 

Ignition  

The probability of 

ignition following a 

rupture  

Probability of ignition as per 

IGEM TD2 Ed2 Section 4.6.  

Common  

Supply 

Interruptions  

Supply interruptions 

due to leak, rupture or 

capacity issues  

Value of 1 used as a multiplier to 

enable the grouping/summation 

of the probability of leak, 

rupture or capacity failures 

leading to a supply interruption  

Common  

Total Ignitions  Total ignitions (leak 

and rupture ignitions)  

Value of 1 used as a multiplier to 

enable the grouping/summation 

of the probability of leak and 

rupture ignitions  

Common  

Pop Scalar  A scalar factor to 

consider the 

population estimates 

in hospitals (critical 

property)  

A value is used as the population 

equivalent per hospital (NHS 

website) divided by 2.3 to turn 

it in to property equivalent  

Common  

Gas Leak  A model for the loss of 

gas volume caused by 

a gas leak   

A value calculated using a 

combination of pipeline pressure 

and diameter to estimate the 

volume of gas lost over a given 

duration. This value was 

calculated using DNV GLôs 

PIPESAFE model for a sample 

data set and a 40mm hole and a 

linear model fitted. The hole size 

and leak duration can be 

adjusted in the model to 

recalculate the gas leak value.  

GDN 

Specific  
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Node ID / 

Variable  

Description  Data Source  GDN or 

Common 

Value  

Gas Rupture  A model for the loss of 

gas volume caused by 

a rupture  

A value calculated using a 

combination of pipeline pressure 

and diameter, to estimate the 

volume of gas lost over initial 

ñeruptiveò and subsequent 

steady -state rupture durations. 

These values were calculated 

using DNV GLôs PIPESAFE model 

for a sample data  set and a 

quadratic model fitted. The 

times of the eruptive and 

steady -state flow durations can 

be changed in the model.  

GDN 

Specific  

P_SI_Leak  Probability of supply 

interruption given leak  

Assumes no supply interruptions 

if there is an alternate source. 

Data taken from company 

systems where available, or a 

default/assumed value agreed 

with SRWG if no alternate 

source (agreed with SRWG).  

Based on elicitation by ICS, DNV 

GL and GDN experts.  

GDN 

Specific  

P_SI_Rupture  Probability of supply 

interruption given 

rupture  

Data taken from company 

systems where available or a 

default/assumed value of supply 

interruptions agreed with 

SRWG.  Based on elicitation by 

ICS, DNV GL and GDN experts.  

GDN 

Specific  

D3.1.  LTS Pipelines Base Data  

The LTS Pipelines base data will be created from company asset databases, financial 

systems and other data sources . This includes pipeline characteristics e.g. installation 

year, wall thickness, depth, pressure, protection,  and properties supplied.  

The engineering inspection methods used across GDNs are broadly aligned and so no GDN 

specific annexes have been created for this document. In the case of visual surveys all 

GDNs have their own processes, following asset management best practices, which ar e 

then aligned to a NARM condition score using guidance in the tables within this document.  

Sub - type assets  
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The LTS pipelines are split into subtypes (pipe, sleeve and block valves) and there is a 

record in the base data for each of these. óPipeô refers to an un-sleeved section of pipeline; 

óSleeveô refers to a sleeved section of pipeline, i.e. the pipe and sleeve ;  and óValveô refers 

to block valve installations on a section of pipeline.  

Risk analysis is performed by splitting the pipeline up into sections and sub - type assets 

that have different underlying risk characteristics and hence different paths through the 

risk models. Each sub - type asset is linked to the parent LTS pipeline in the  base data.  

Attributes  

Above Ground (AG/Exposed) or Below Ground (BG) Crossings and Cathodic Protection 

installations are captured as attributes within the base data. Attributes act as a risk 

modifier to the LTS pipeline section that they are located on.  

A further important input is an understanding of the downstream consequences of failure, 

for example which properties experience a supply interruption following an over -

pressurisation event. This information can be derived from network modelling or 

approxi mated using GIS analysis.  

An example of data input format is shown  is Table D -1 below:  
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Table D1 -  Example of the base data format for the LTS Pipeline risk models  showing sub - types and attributes as discussed above  

 

ICS_ASSET_ID CLIENT_UIDASSET_TYPEMATERIALDIAMETERCONSTRUCTION_METHODYEAR_INSTALLINTERNAL_PROTECTIONWELD_QUALITYOWNERSHIPASSET_LENGTHRURAL_LENGTH

C4499DBF123C44BF9F6320728EEE0083MSC0022 LTS STEEL 325 Seamless 1960Red Lead Flood SGN 180 19410

C50FBA0A84944DBDBC5E93718A03AB35MSC0017 LTS STEEL 325 Seamless 1962Red Lead Flood SGN 478 17250

79436D93C65D4E90BFC15067A899F742MSC0011 LTS STEEL 274 Seamless 1976Epoxy Resin FLOOD/TAPE SGN 124 13900

F5D1CCECC8AB4895A3976A98B3D854A4MSC0008 LTS STEEL 102 Longditudinal ERW 1961Red Lead Flood SGN 524 17960

235F984CE31A439391D1A760A18A8ECBMSC0001 LTS STEEL 325 Seamless 1960Red Lead Flood SGN 404 16570

D7D292CBF5C24C96A64DA4E2B9FC3168DSC0110 LTS STEEL 102 Seamless 1982Red Lead Tape Wrap SGN 74 110

C881D63C50CA4437963EC732863FA73DMSC0048 LTS STEEL 168 Seamless 1968Red Lead Flood SGN 360 15360

C69DC341F27A4F3D8DDBB065A60CB529MSC0047 LTS STEEL 102 Seamless 1960Red Lead Flood SGN 80 5290

FEFAD6CDED404031BD7F2BD38867E3F9MSC0042 LTS STEEL 457 Seamless 1968Red Lead Flood SGN 184 7240

B8AB1483AD0B489993BEB6B27B0D45C4MSC0039 LTS STEEL 274 Seamless 1965Red Lead Flood SGN 436 5470

86734F58F16E4DCFB377523115EE0256MSC0036 LTS STEEL 218 Seamless 1965Red Lead Flood SGN 380 11590

29A7E6E796724A4798310349DC8B49D4MSC0035 LTS STEEL 325 Seamless 1963Red Lead Flood SGN 1543 26650

4FEC47A62A344F55A3A382DF129EE788MSC0033 LTS STEEL 325 Seamless 1967Red Lead Flood SGN 47 3860

32560F07BD154717A9DDE0E605B84703MS0032 LTS STEEL 508 Longditudinal SAW 1964Red Lead Flood SGN 18 0

4CFEC4E6FFA44327B8AB8CB73464B6FBMSE0015 LTS STEEL 457 Seamless 1969Other FLOOD/TAPE SGN 295 44460

D10E49B504124A919B5DAB30D0380FF6MS0036 LTS STEEL 508 Seamless 1964Red Lead Flood SGN 195 0

B314BE30B17C4D3AB95302D033366563MSE0084 LTS STEEL 457 Seamless 1970Red Lead FLOOD/TAPE SGN 73 15710

ICS_ASSET_ID SUBURBAN_LENGTHURBAN_LENGTHASSET_SUBTYPEPIGGINGMATERIAL_GRADELOSS_CONSEQPIPELINE_COATING HISTORY_OF_CORRCORR_RESISTANCE

C4499DBF123C44BF9F6320728EEE0083 0 0 SLEEVE N B UNKN Bitumen (Not Insulated) UNKN UNKN

C50FBA0A84944DBDBC5E93718A03AB35 2640 0 SLEEVE N B UNKN Bitumen (Not Insulated) UNKN UNKN

79436D93C65D4E90BFC15067A899F742 0 0 SLEEVE N X46 UNKN Coal Tar (Not Insulated) UNKN UNKN

F5D1CCECC8AB4895A3976A98B3D854A4 0 0 SLEEVE N B UNKN Bitumen (Not Insulated) UNKN UNKN

235F984CE31A439391D1A760A18A8ECB 0 0 SLEEVE N B UNKN Bitumen (Not Insulated) UNKN UNKN

D7D292CBF5C24C96A64DA4E2B9FC3168 0 0 SLEEVE N B UNKN Coal Tar (Not Insulated) UNKN UNKN

C881D63C50CA4437963EC732863FA73D 1860 0 SLEEVE N X52 UNKN Coal Tar (Not Insulated) UNKN UNKN

C69DC341F27A4F3D8DDBB065A60CB529 0 0 SLEEVE N B UNKN Coal Tar (Not Insulated) UNKN UNKN

FEFAD6CDED404031BD7F2BD38867E3F9 0 0 SLEEVE N X52 UNKN Bitumen (Not Insulated) UNKN UNKN

B8AB1483AD0B489993BEB6B27B0D45C4 4830 0 SLEEVE N B UNKN Coal Tar (Not Insulated) UNKN UNKN

86734F58F16E4DCFB377523115EE0256 0 0 SLEEVE N B UNKN Coal Tar (Not Insulated) UNKN UNKN

29A7E6E796724A4798310349DC8B49D4 1640 0 SLEEVE N B UNKN Coal Tar (Not Insulated) UNKN UNKN

4FEC47A62A344F55A3A382DF129EE788 0 0 SLEEVE N B UNKN Coal Tar (Not Insulated) UNKN UNKN

32560F07BD154717A9DDE0E605B84703 1130 0 SLEEVE N X42 UNKN Coal Tar (Not Insulated) UNKN UNKN

4CFEC4E6FFA44327B8AB8CB73464B6FB 0 0 SLEEVE Y X52 High Coal Tar (Not Insulated) No/Unknown HIGH

D10E49B504124A919B5DAB30D0380FF6 18510 0 SLEEVE N X42 UNKN Coal Tar (Not Insulated) UNKN UNKN

B314BE30B17C4D3AB95302D033366563 0 0 SLEEVE Y X52 High Coal Tar (Not Insulated) No/Unknown HIGH
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D3.2.  LTS Pipelines Probability of Failure & Deterioration 

Assessment  

As maintainable assets with a high consequence of failure, significant investment is made 

to prevent LTS Pipelines from failing. Therefore,  it would be expected that for the failure 

modes with highest consequences of failure the observed failure rates will be very low.  All 

theoretical failure modes have been benchmarked against and scaled to actual observed 

failures in the UKOPA  (United Kingdom Onshore Pipeline Operatorsô Association) records.  

The main documents that the failure models have been based on are:  

¶ UKOPA Pipeline Product Loss Incidents and Faults Report (1962 -2013), December 

2014, McConnell & Haswell, Ref UKOPA/14/0031. 4 

¶ Assessing the risks from high pressure Natural Gas pipelines, IGEM/TD/2 Edition 2 

with amendments July 2015 Communication 1779. 5 

¶ Technical Note PIE/14/TN113: -Development of a model for classifying the health 

index of non -piggable pipelines.  PIE ( Pipeline Integrity Engineers )  

¶ Technical Note PIE/14/TN125: -  Models for classifying the health indices of block 

valves, sleeves,  and above ground crossings.  

¶ Revision of the Intervals Methodology for Scheduling of In - line Inspection 

Frequency -  Feasibility study ( Cadent Gas Ltd ) 

¶ EGIG Gas Pipeline Incidents  ï 9 th  Report of the European Gas Pipeline Incident Data 

Group (period 1970 -2013) 6 

D3. 2 .1 . Pipe Faults  

A fault is a defect that has the potential to lead to a wall loss failure. The fault risk node 

calculates the number of faults along a pipe proportional to the number of defects. This 

equation ensures that every pipe has a non -zero risk and increases over time.  

¶ For piggable pipes we use the actual number of defects as a starting point  and to 

the fault equation  generate s predicted  future  faults on top of that   

¶ For non -piggable pipes , a default starting number of faults is derived based on age, 

and as per piggable pipes this number grows annually within the formula    

¶ Fault growth rate is then based on age   

¶ Diameter, coating  and depth scalars are used on a pi pe by pipe basis. Where depth 

is less than 1.1 metres the pipeline has an increased defect frequency (see Figure 

D4). To calculate this defect frequency  multiplier the following equation is applied:  

Defect Frequency Multiplier = 5+exp(DEPTH_M* - 0.8)  

 

4 https://www.ukopa.co.uk/wp -content/uploads/2015/02/UKOPA -14 -0031 -Product -Loss- Incidents -Faults -

Report - 1962 -2013 -Final2.pdf  

5 https://www.igem.org.uk/resource/igem -td -2-edition -2-a-2015 -assessing - the -risks - from -high -pressure -

natural - gas -pipelines.html  

6 https://www.egig.eu/reports/$60/$63  

https://www.ukopa.co.uk/wp-content/uploads/2015/02/UKOPA-14-0031-Product-Loss-Incidents-Faults-Report-1962-2013-Final2.pdf
https://www.ukopa.co.uk/wp-content/uploads/2015/02/UKOPA-14-0031-Product-Loss-Incidents-Faults-Report-1962-2013-Final2.pdf
https://www.igem.org.uk/resource/igem-td-2-edition-2-a-2015-assessing-the-risks-from-high-pressure-natural-gas-pipelines.html
https://www.igem.org.uk/resource/igem-td-2-edition-2-a-2015-assessing-the-risks-from-high-pressure-natural-gas-pipelines.html
https://www.egig.eu/reports/$60/$63
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Figure D 4  ï Use of defect frequency multiplier to account for impact of pipeline depth  

A global scalar is then used based on UKOPA data at company level . 

D3. 2 .2 . Block Valve Defects  

A Weibull model was fitted to the model outlined in the PIE report  (PIE/14/TN125). This 

gives a survival curve fitted to a fixed end of life  of 60 years and the related Hazard 

function to give the annual probability of failure (i.e. the red line).  

 

Figure D 5  ï Weibull model for block valve defects  

The Weibull curveôs shape and scale values are as detailed in section D3. 2.5 .  

The condition of the valve is used as a factor to adjust the probability of failure via an 

Effective Age calculation (As per D3.2.4)  

The assessed condition is determined via GDN -specific visual condition surveys where 

available, aligned to common condition grades 1 to 5 as follows:  

Condition 

Grade  

Description  

1  As new, no corrosion  

2  Superficial corrosion  
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3  Minor corrosion, 

assessment/monitoring 

required  

4  Moderate corrosion, 

intervention considered  

5  Severe corrosion, 

intervention required  

Table D2 ï Condition Grade assessment  

D3. 2 .3.  Sleeve Defects  

For Sleeve Defects the same model is used as per D3.2.2, but includes  multipl ying factors 

for each of the attributes as follows:  

Attribute  Type  Factor  

Pipeline Coating  Coal Tar  1.0  

Bitumen  1.2  

Polyethylene  1.1  

Epoxy  0.5  

Bare  1.5  

Sleeve Material  Steel  1.2  

Concrete  1.0  

Other  1.5  

Sleeve End Seal  Rigid  1.0  

Flexible  1.1  

Shuttering  1.3  

Other  1.3  

Sleeve Fill Material  Concrete  0.8  

Thixotropic  1.0  

Air  2.0  

Nitrogen  1.2  

Other  1.0  

Table D3 ï Multiplying factors applied for Sleeve defects  

D3 .2 .4 . Effective Age  

Age should be substituted for an óeffective ageô. Effective age is a combination of condition 

and actual age.  

¶ The Condition Grade of 1 -5 is mapped against an age profile  to give Condition_Age  
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¶ The inverse of this function is used to give an age at a given Condition Grade (see 

Figure D 6)  

¶ The Effective Age is a weighted combination the actual age and the condition -

assessed age.   

AGE_EFFECTIVE = w * Condition_Age + ( 1 - w) * Actual_Age  

Where w is a percentage weighting factor.  

 

Figure D 6  ï Derivation of Effective Age from assessed Condition Grade  

D3. 2 .5 . Pipe Corrosion  

The calculation for pipe corrosion  is based on wall thickness deterioration . 

¶ Wall thickness deterioration coefficients are based on high, moderate or low 

corrosion resistance condition as reported in Intervals and PIE (Pipeline Integrity 

Engineers) .  

¶ For piggable pipes we use ACTUAL_WALL_THICKNESS as starting value where 

available  

¶ For non -piggable pipes we use age  (or Effective Age)  and CP condition to calculate 

a predicted wall  thickness  loss  

¶ Feed the % wall thickness remaining into Weibull CDF model to predict probability 

of pipeline failure (as per PIE report, page 7 ) .  

¶ Scale by factors to account for town gas, coating, and sleeves  (see Table D4).   
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Figure D 7  ï Relationship between corrosion depth and PoF  ï for piggable pipes  

For any A ge (or Effective Age) of asset  the PoF can then be calculated as per Figure D 8. 

 

Figure D 8  ï Relationship between Effective Age and PoF  ï for non - piggable pipes  

The Weibull shape and scale values are derived as per section D3. 2.5  below  and scaling 

factors  are applied as per Table D4:  

Attribute  Type  Factor  

Pipeline 

Coating  

Coal Tar  1.0  

Bitumen  1.2  

Polyethylene  1.1  

Epoxy  0.5  

Bare  1.5  

Town 

Gas  

Yes 1.2  

No 1.0  

Sleeve 

Condition  

1 0.1  

2 0.1  










































































































































































































































