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1. Summary 

Availability Assurance is the process of managing the design and implementation of new production 
facilities and capacity expansion projects from the perspective of production availability. This process is an 
important tool for long-term delivery contracts to ensure that availability is maintained at optimised costs 
throughout the lifetime of the project. 

Availability Assurance provides a coherent framework for the prioritisation of bottlenecks and ranking of 
development options from the perspective of production availability and in the context of optimisation of the 
life cycle value of the project. This includes both green field and brown field developments and covers all 
sectors in the energy and petrochemical industry, both upstream and downstream. 

This paper describes the philosophy and approach that Shell adopts for maintaining a thorough 
understanding of the production availability of integrated supply systems, the ability to assess the extent to 
which delivery commitments can be made during all future stages of the development and the ability to 
optimise future development plans.  

2. Why Apply Availability Assurance? 

There are solid reasons for adopting the Availability Assurance process, both for existing facilities and 
expansion projects. From the operator's point of view these include: 

 Many plant operators have contractual supply obligations that need to be met for a long duration. 

 Plant availability is a key factor impacting on life cycle project value. Future production availability has a 
direct economic impact on the project cash flow (and Net Present Value) through its effect on volumes 
sold and revenues. 

 Plant availability is universally accepted as Key Performance Indicator and used as a benchmarking 
measure. 

In addition to the above, from the project development perspective, risks should be identified and managed 
in such a way as to reduce their impact on the operational envelope of the complete system of wells, plants 
and pipeline grid. During project design, the Availability Assurance process helps to optimise the 
configuration of the gas production, handling and transport system and to improve the robustness of the 
integrated system against possible disruptions to gas supply capacity. 

Together, these reasons provide a powerful justification for inclusion of Availability Assurance in all project 
developments and as part of the preparations for long-term delivery contracts. Whereas incidental reliability 
studies and maintenance improvement initiatives do share some of its ingredients, such stand-alone efforts 
can never reach the same level of control over risks to production availability as is achieved through the 
dynamic Availability Assurance process. 

3. What Is Availability Assurance? 

Availability Assurance is the process for ensuring that system availability targets are specified, refined, and 
substantiated throughout the subsequent project development and implementation phases to ensure that 
availability can be maintained to specifications during future project operation. This covers both greenfield 
developments and de-bottlenecking and expansion projects and helps to achieve economic targets. For 
existing assets, the Availability Assurance approach can be adopted to determine the actual system 
availability in the ‘as is’ state, and the impact of any de-bottlenecking and expansion projects on this 
availability. 

Availability Assurance builds on two main processes that call upon the know-how and experience of Shell 
Global Solutions: Availability Modelling and Reliability and Risk Management (RRM). Experience has 
shown that designing for required availability levels requires the application of an availability modelling 
software tool such as SPARC (System for Production Availability and Resource Consumption) throughout 
the project phases. Complementary to that, RRM aims to optimise maintenance. SPARC and RRM 



techniques are used to ensure that required plant availability levels can be met and maintained cost-
effectively. That aim can best be achieved by a continuous and integrated approach rather than by 
incidental ad-hoc studies, see Figure 1. 

 

Figure 1: The various elements of the Availability Assurance process 

Through the full scope of Availability Assurance, information becomes available that can be used in 
decision-making. In practice, this information will start to drive spare part stocking policies, maintenance 
routines, inspection routines, equipment overhaul routines, etc. It should be noted that for Availability 
Assurance on existing systems, many of these will have been defined already, and the process may 
actually change their scope.  

Thus the Availability Assurance process will help making decisions on: 

 Defining the operating envelope of the system in view of the ‘as is’ status of the critical components  

 Optimisation of shutdown planning 
o Phasing of maintenance and shutdowns within the system  
o Planning of resourcesIdentifying under-performing elements within the system 

 Realisation of unrealised potential for availability increases 

 Expansion and development options 

As an example for existing operations, the process can be used to assess whether system availability can 
meet commitments made in terms of production levels and availability. If commitments cannot be met, the 
model will assist in determining what operational and maintenance improvement options can deliver in 
terms of additional availability and what de-bottlenecking and expansion options are available. This will 
allow operators to take strategic decisions at a much earlier and pro-active stage.  

Operations and maintenance improvements are often developed using the RRM and RBA (Risk Based 
Assessment for pipelines) tools. Expansion and de-bottlenecking options are developed into an Asset 
Reference Plan, a long-term plan that reflects the planned production levels, maintenance activities and 
upgrades. 

4. The Elements Of The Availability Assurance Process  

4.1 Overview 

As mentioned, the two main processes in Availability Assurance are Availability modelling (SPARC) and 
Reliability and Risk Management (RRM), as outlined in Figure 2. The SPARC model can be used to identify 
areas of imbalance in the design and help focus RRM activities. Conversely, recommendations that result 
from RRM activities (focussed maintenance plans, mitigation measures, etc.) can be input in the SPARC 
model to assess the improvements in terms of their effect on overall production availability.  
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Figure 2: Overview of the Availability Assurance process for existing facilities 

The two main interfaces between the SPARC modelling and the RRM activities are that the modelling 
results provide guidance on the criticality ranking and that the RRM process provides input on the planned 
shutdown and the equipment repair requirements. 

In the evaluation of de-bottlenecking and expansion options, early involvement of the RRM process is 
required to ensure that, when investigating and optimising design alternatives, the main assumptions 
around shutdowns, repairs and other issues related to maintenance of the critical equipment are realistic. 
To establish the basic assumptions, a high-level Failure Mode and Effect Analysis (FMEA) can be carried 
out during the initial design phases to determine potential consequences of equipment failure. In the project 
development context, the majority of the RRM and Plant and Pipeline Integrity activities (e.g. Reliability 
Centred Maintenance, Risk Based Inspection, Instrumented Protective Functions and Pipe-RBA) take place 
later than the Availability modelling activities and may continue into the Implementation phase. One of the 
main deliverables of the RRM process is the Maintenance Reference Plan and hence the RRM process 
requires cooperation and approval of the plant operator. 

4.2 Availability Modelling (SPARC) – System level 

Optimising the plant configuration and equipment capacities, by including spare equipment in the design 
and by increasing maintenance efforts can increase the expected availability of a system. But redundancy 
comes at a cost. For any production facility, the challenge is to find the right balance between initial capital 
expenditure, future operating costs and expected production value. 

Availability modelling aims at quantifying the relationships between system design, maintenance and 
operating strategies and associated production effectiveness. Once these relationships are modelled, 
different designs and operating strategies can be compared and ranked. Significant value arises from the 
use of the availability model as a management and decision support tool to provide a powerful birds-eye 
view of the total facilities. Again, actual practices will form the input. Changes to these can then be 
evaluated for their impact on maintaining availability. 

The added value of availability studies is highest when applied from an early stage in project development, 
when changes to the design configuration can still be accommodated. After project realisation, the model 
can be used to incorporate actual data from the asset to focus de-bottlenecking efforts, to further enhance 
the maintenance and operation strategy and for future expansions.  

Input to the model is client specific availability performance experience, availability benchmark data, or 
generic values for availability parameters from industry databases, see Figure 3. 



 

Figure 3: The value optimisation cycle 

4.3 Reliability and Risk Management (RRM) and Asset Integrity Management 

Availability Modelling and Reliability and Risk Management complement each other in an asset reference 
loop as shown in Figure 2. The RRM maintenance strategy and operating expenditure optimisation tool is 
used in the Operate and Maintain phase to optimise the selection of maintenance, inspection and testing 
(M, I & T) tasks and frequencies. These contribute to the Asset Integrity Management System through the 
Maintenance Reference Planning; see Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: The Asset Integrity Management Pyramid 

The main RRM tools are: 

 Reliability Centred Maintenance, 

 Instrumented Protective Functions,  

 Criticality Assessment and Risk Based Inspection, and  

 Pipe-RBA uses the same risk techniques and provides optimum inspection planning and assessment for 
pipelines. 

All these tools are designed on the principle of a management improvement loop. As an example, the main 
steps of S-RCM are given in a simplified overview shown in Figure 5 



 

Figure 5: The Management Improvement Loop 

Another example, following the same principle, is the diagram for Pipe-RBA, shown in Figure 6, which 
builds on the Maintenance Reference Plan. 

 

Figure 6: The Pipe-RBA loop 

Criticality Assessments are an important part of many elements of the Pipe-RBA loop. Availability modelling 
has in common with Criticality Assessment that both consider probability and consequence of high-risk 
failure modes. The main difference is that SPARC uses analytical modelling and failure data, resulting in 
quantified (cost of) non-availability. Also, Criticality Assessments are based on (qualitative) engineering 
insight and take account of wider HSE aspects, resulting in (semi-quantitative) ratings.  

5. Example: The Groningen System 

5.1 Introduction 

The Groningen field in The Netherlands had 2900 BCM gas initially in place, with a very high recovery 
factor of 90%. It been in production for over 40 years and has never failed to deliver demanded gas 
quantities. It consists of some 300 wells and 29 production clusters. In addition to this, there are 2 
Underground Gas Storages. The combination of Groningen field and the storages is known as Groningen 
System. 

One of the key roles of the Groningen System is to guarantee the security of supply to the Dutch and 
Western Europe gas market. High availability and reliability of the Groningen clusters and the Underground 
Gas Storage Units are therefore crucial for the successful operation of the facilities in order to meet 
contractual obligations. The Groningen field, operated by NAM, is the swing provider for GasUnie's gas 
market for both capacity and volume, see Figure 7. 



 

Figure 7: The Groningen gas supply system 

This means that the Groningen field is also the buffer for unexpected variations in supply and demand. For 
example, if a non-Groningen field is in default, the Groningen field must be able to compensate for the 
volumes and capacity. It also takes up the variations in demand due to a severe or a mild winter. This 
poses high availability requirements on the whole of the Groningen field system. 

It is common these days for customers to define a certain level of availability that must be met or exceeded. 
Failure to deliver will result in huge penalties. These are all issues that are pertinent to the Groningen gas 
supply. 

To compensate for failures in any of the gas-producing units, Groningen gas nominations include a reserve 
capacity known as the capacity margins. The objective is to minimize capacity margin, maximize offered 
capacity and therefore optimise investment. In order to determine the level of reserve capacity required for 
the Groningen field, the output of the SPARC availability model is used in combination with GasUnie’s gas 
demand data and an agreed failure criterion.  

5.2 Groningen Compressor Study 

Some time ago, it was decided that the Groningen long-term field redevelopment required the installation of 
electric motor driven compressors at cluster locations to compensate for free flow decline and also to 
increase field operability. Currently NAM has a study team in place for optimising the field development with 
respect to timing and the configuration of compressor installations. One of the alternative development 
options for the southern part of the Groningen field is the concept of satellites; some existing clusters are 
reconfigured as a satellite to a mother cluster. Only the latter has compression facilities. This could 
potentially reduce the number of clusters and therefore compressors from 14 to 7. However, the 
introduction of satellites increases the dependency to a smaller number of clusters. It requires a dedicated 
availability study to evaluate the effect that such a development would have on the available capacity and 
NAM’s ability to meet contractual and shareholder obligations. 

5.3 Groningen Underground Gas Storage Furnace 

One of Groningen’s Underground Gas Storage production facilities has two furnaces that are not 
independent of each other. If one furnace fails, the other will also automatically shut down. In the original 



design philosophy, it was assumed that both furnaces would be required to provide 100% plant 
regeneration capacity and thus, the furnaces are a major common mode failure. However, the plant was 
only operating at approximately 50-60% of the originally planned capacity and only one furnace was 
required for regeneration. 

The following cases were studied in order to examine the benefit to capacity planning of modifying the 
furnace arrangement: 

 Maintain current furnace arrangement; 

 Two parallel and independent furnaces each with 50% capacity; 

 Three parallel and independent furnaces each with 50% capacity. 

The results can be summarised as follows: 

 Having a parallel furnace arrangement reduces the probability of common mode failures of the facility. 
The benefit of having parallel furnaces is that the capacity loss is small should one of the two parallel 
furnaces fail. 

 There is no further reduction in common mode failures when additional parallel systems are introduced. 

 The third furnace improves the capacity margin because of the higher probability of achieving high 
capacity levels. The increase is marginal however, as demand is rarely that high. 

Assuming a constant gas demand, if the storage’s capacity margin reduces to half its currently accepted 
value, this would free up more Groningen System capacity and thus reduce the call on Groningen field. In 
subsequent studies, the cheapest measure was used to increase capacity; hence modifying the furnaces 
was included/ranked alongside other measures. The result of this study has indicated the modification 
could be an attractive short-term capacity measure with a short lead-time. For longer-term strategic 
capacity planning studies, with higher demand scenarios, such a reduction could defer investment in 
potentially more expensive capacity/volume measures. 

5.4 Summarising The Groningen Experience 

Over the past five years, the Availability Assurance process has helped NAM to respond to complex 
environment of reducing free flow declines and the changing European gas markets and to continually 
optimise their long term development plans.  

Over the past five years, Shell Global Solutions have assisted with setting up Availability Assurance 
processes for many companies and plants all over the world. Typical savings in project development 
applications are substantial and can be a 2 - 5% reduction in Capex and a 10 - 20% reduction in 
unavailability. 

6. Conclusion 
For long-term delivery contracts, adopting the Availability Assurance approach will assist in meeting 
delivery requirements whilst maintaining asset integrity at optimum levels. Any change to availability 
requirements can be translated into practical requirements on inspection and maintenance, whereas any 
upgrade project can immediately be translated into effect on the overall availability. This is illustrated by the 
example of the Groningen field, from which the following lessons can be learned:  

1. From the management point of view, it is important to maintain a thorough understanding of the 
availability of the integrated supply system, the ability to assess the effects of development plan 
changes on the availability, and the ability to assess the extent to which delivery commitments can be 
made during all future stages of the development. This can best be achieved by application of the 
Availability Assurance process, rather than with incidental studies.  

2. The process can be used to focus operational and maintenance improvement initiatives and to guide 
initiatives to further increase the capacity and improve the robustness of the gas supply system and 
lead to a robust integrity management system. 

3. The process can be used to assess the extent to which additional gas supply commitments can be 
made with the existing facilities on top of the already existing commitments. 

4. The process requires verification in practice and the implementation of a verification plan to confirm the 
validity of the capacity, failure data and maintenance assumptions that have been used. This may 
include the development and maintenance of a common failure, maintenance and integrity database 
across all facilities. 

5. Typical savings in project development applications are substantial and can be a 2 - 5% reduction in 
Capex and a 10 - 20% reduction in unavailability. 



7. Track record 
The past five years have seen many major opportunities for the application of the technologies involved in 
Availability Assurance within and outside of Shell.  
 

Sector Project Purpose Location, year 
E&P and 
Natural Gas 

Oil export expansion 
project 

Availability and De-
bottlenecking Study 

Middle East, 2002-03 

Natural Gas Gas field development  
Availability Assurance for 
Midstream System 

Far East, 2002-03 

E&P Enhanced Oil Recovery 
Availability Study for Steam 
Injection and Enhanced Oil 
Recovery 

Middle East, 2002 

E&P Oil Field Redevelopment Availability Study Europe, 2002 

E&P FPSO development 
Availability Study for Floating 
Production Storage Off-take 

Far East, 2002 

Natural Gas LNG import terminal Availability Study Far East, 2002 

Natural Gas Consultancy to 3rd party 
Review of proposed LNG plant 
design 

Europe, 2002 

Natural Gas Gas field development 
Availability Study + Sales 
Contract Analysis 

Far East, 2002 

Natural Gas LNG expansion project Availability Assurance Far East, 2000-01 
Natural Gas LNG plants  Reliability Study Far East, 2001-02 

Natural Gas 
Various Expansion 
Projects 

Availability Assurance Africa, 2000-01 

Natural Gas LNG plants Rerating Study Africa, 2001 

E&P Negotiations support 
Oil Production and Gas 
Injection Availability  

Europe, 2001 

E&P and 
Natural Gas 

Floating LNG 
development 

Availability Assurance Far East, 2000, 2001 

E&P 
Various production 
platforms 

Evaluation of design 
alternatives 

Europe, 2000-02 

E&P 
Groningen South 
development planning 

Evaluation of alternatives Europe, 2000 

Table 1: Track record in Availability Assurance 

 
 
 


