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[bookmark: _Toc231152012]Abstract
The Million Gallon Tanks (MGTs) at Tata Steel Port Talbot represent a legacy waste oil storage system that has become redundant following changes in operational practices and waste management processes. Prolonged disuse and ageing infrastructure have resulted in significant structural deterioration, hazardous waste accumulation, and increased environmental risk. The decommissioning of these assets therefore presents a complex engineering challenge requiring the balance of safety, environmental compliance, technical feasibility, and commercial considerations.
This dissertation develops a risk-based decommissioning strategy for the MGTs through the evaluation of site conditions, contractor proposals, regulatory requirements, and relevant industry literature. A qualitative case study methodology was adopted, incorporating structural inspection reports, operational data, contractor submissions, and industry guidance to assess alternative decommissioning approaches. Contractor methodologies were evaluated against key criteria including safety, environmental impact, cost, programme duration, and flexibility under uncertain conditions.
The analysis identified significant risks associated with structural degradation, confined space working, hazardous waste management, and environmental contamination. A key finding was that uncertainty surrounding sludge composition and physical characteristics represented the dominant project risk, directly influencing method selection, disposal requirements, programme duration, and overall project cost. Comparative assessment of contractor proposals demonstrated that integrated phased methodologies offered superior performance when compared with single-method approaches focused solely on pumping or sludge drying.
Based on the findings, a phased decommissioning strategy is proposed incorporating site preparation, bulk liquid removal, sludge and solid removal, structural demolition, and environmental remediation. The strategy prioritises risk reduction, minimisation of confined space entry, environmental protection, and adaptability to changing site conditions. It is concluded that an integrated, risk-based approach provides the most effective solution for managing uncertainty and delivering a safe, compliant, and cost-optimised decommissioning project. The findings may also be applicable to similar industrial decommissioning projects involving ageing infrastructure and hazardous materials.
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[bookmark: _Toc231152013]1. Introduction
Heavy industrial facilities often retain legacy assets that continue to present safety, environmental, and financial risks long after their operational purpose has ended. The Million Gallon Tanks (MGTs) at Tata Steel Port Talbot are an example of such infrastructure. Originally used to store waste oils generated from steelmaking processes, the tanks have deteriorated due to ageing, prolonged disuse, and limited maintenance intervention.
Inspection reports have identified extensive corrosion, degraded access structures, and concerns regarding the integrity of the surrounding bund system (Tata Steel). In addition, the tanks contain significant quantities of oil, water, sludge, and solid contaminants, creating ongoing environmental and safety liabilities. The presence of hazardous materials, combined with uncertainty surrounding sludge composition and volume, complicates the selection of an appropriate decommissioning methodology.
The decommissioning of the MGTs presents a complex engineering challenge requiring the balance of safety, environmental compliance, operational feasibility, and cost. Contractor proposals vary significantly in methodology, risk profile, programme duration, and commercial cost, making direct comparison difficult. Furthermore, strict regulatory requirements relating to hazardous waste management, environmental protection, and confined space working place additional constraints on project execution.
Given these challenges, a structured risk-based approach is required. Rather than focusing solely on cost or programme duration, decision-making must prioritise the reduction of risk to as low as reasonably practicable (ALARP) while ensuring compliance with relevant legislation and industry best practice. This dissertation therefore develops and justifies a risk-based decommissioning strategy using structural inspection data, contractor proposals, operational records, and regulatory guidance.
The findings have relevance beyond the immediate case study, as many industrial sites face similar challenges associated with ageing infrastructure, hazardous materials, and end-of-life asset management.
Aim
To develop a risk-based, safe, compliant, and cost-optimised strategy for the decommissioning of legacy waste oil storage tanks at Tata Steel Port Talbot.
Objectives
To critically assess the current condition and associated risks of the Million Gallon Tanks.
To evaluate relevant industry best practice and regulatory requirements.
To compare contractor methodologies using a structured framework.
To analyse safety, environmental, and commercial risks.
To develop and justify a phased decommissioning strategy.
[bookmark: _Toc231152014]2. Industrial Context
The Million Gallon Tanks (MGTs) form part of a historic waste oil storage system located within the Tata Steel Port Talbot steelworks. The tanks were originally used to store waste oils, emulsions, and contaminated water generated by steelmaking operations. While these assets once provided an important operational function, improvements in waste management practices, increased environmental regulation, and changes to production processes have rendered the tanks largely redundant (Environment Agency, 2023).
The tanks currently contain a mixture of oil, water, sludge, and solid contaminants. The composition and physical properties of these materials remain uncertain, creating challenges in selecting suitable removal and treatment methods. Sludge viscosity, contamination levels, and waste classification requirements all have the potential to influence project cost, duration, and technical feasibility.
Inspection reports have identified significant deterioration of the tanks and associated infrastructure, including corrosion of tank shells, access platforms, stairways, and handrails (Tata Steel). Such degradation is typical of ageing steel structures exposed to industrial environments and increases the risk of structural failure if left unmanaged (Lees, 2012).
The condition of the bunded containment system presents an additional concern. Bunds are intended to provide secondary containment and should be capable of holding at least 110% of the capacity of the largest tank (CIRIA, 2014). Inspection findings indicate that standing liquids and contamination within the bund reduce its effective containment capacity, increasing the potential consequences of any loss of containment event.
These conditions create interconnected safety, environmental, and commercial risks. Structural deterioration increases the likelihood of failure, while the presence of hazardous materials raises concerns regarding environmental contamination and regulatory compliance. At the same time, continued management of the tanks represents an ongoing financial liability through maintenance, monitoring, and future remediation requirements.
Despite these challenges, opportunities exist to recover value through the recycling of ferrous materials and the beneficial reuse of waste oils where suitable treatment routes are available. Effective decommissioning therefore has the potential not only to reduce risk but also to improve environmental and economic performance.
A key observation from the industrial context is that the challenges associated with the MGTs are highly interdependent. Structural condition, waste characteristics, environmental protection, regulatory compliance, and project cost all influence one another. Consequently, a holistic and risk-based approach is required to ensure that decommissioning activities address the full range of project risks while maintaining safety, compliance, and operational feasibility.
[bookmark: _Toc231152015]3. Literature Review
The decommissioning of ageing industrial infrastructure presents significant engineering, environmental, safety, and commercial challenges. Storage tanks that have reached the end of their operational life frequently contain hazardous residues, deteriorated structural components, and legacy contamination that complicate removal activities. Consequently, modern decommissioning projects require an integrated approach that balances technical feasibility, regulatory compliance, environmental protection, and cost control. This literature review examines the key themes relevant to the Million Gallon Tank (MGT) project, including tank decommissioning strategies, hazardous waste management, safety and risk control, environmental protection and containment systems, and risk-based project management. The review critically evaluates current knowledge and identifies principles that inform the development of an effective decommissioning strategy.
[bookmark: _Toc231152016]3.1 Tank Decommissioning Strategies
The decommissioning of industrial storage tanks is widely recognised as a complex engineering activity requiring systematic planning and execution. According to the American Petroleum Institute (API, 2014), decommissioning should prioritise hazard elimination, removal of hazardous materials, reduction of personnel exposure, and protection of the surrounding environment. Similar principles are promoted by EEMUA (2014), which recommends a risk-based approach that considers the structural condition of the tank, the characteristics of stored materials, and the potential consequences of failure.
Tank decommissioning generally follows a phased process comprising isolation, cleaning, liquid removal, sludge extraction, structural dismantling, and site remediation (API, 2020). Whilst this sequence appears relatively straightforward, practical implementation is often complicated by uncertainty regarding waste composition and asset condition. Older industrial facilities frequently lack complete historical records, resulting in significant variability between anticipated and actual site conditions.
One of the most frequently reported difficulties during tank decommissioning is the removal of sludge. Whilst pumping systems can be highly effective for liquids, their performance reduces considerably when materials become thicker or contain large amounts of sediment (API, 2014). In older tanks, sludge can contain corrosion products, scale and other debris that make removal more difficult, often requiring mechanical excavation or partial dismantling of the structure to gain access.
The United States Environmental Protection Agency (Environment Agency, 2023) highlights that storage tanks frequently contain heterogeneous waste streams consisting of hydrocarbons, water, sediments, metallic residues, and other contaminants. Such variability introduces substantial uncertainty into project planning because removal methods, disposal routes, and associated costs may change once work begins. Consequently, adaptive project strategies that incorporate contingency planning and ongoing reassessment are increasingly recommended within the literature (Hopkin, 2023).
In recent years there has been a noticeable shift towards the use of mechanical and remotely operated cleaning systems. Historically, many tank cleaning activities required personnel to enter confined spaces, creating significant safety concerns. Advances in technology now allow much of this work to be completed using vacuum systems, remote equipment and robotic tools, reducing direct exposure to hazardous environments (API, 2014). This approach is consistent with process safety principles that favour engineering controls over reliance on procedures or PPE alone (Lees, 2012).
Overall, the literature demonstrates that effective tank decommissioning requires a flexible and phased approach capable of responding to uncertainty whilst maintaining safety and environmental performance. These findings are particularly relevant to the MGT project, where uncertainty surrounding sludge composition and structural degradation significantly influences strategy selection.
[bookmark: _Toc231152017]3.2 Hazardous Waste Management
Hazardous waste management represents one of the most critical aspects of industrial decommissioning projects. Waste oils, sludge deposits, contaminated water, and associated residues often contain hydrocarbons, heavy metals, and other substances capable of causing significant environmental harm if not managed appropriately (Environment Agency, 2023).
The European Waste Framework Directive (2008/98/EC) establishes the waste hierarchy as the fundamental framework for waste management decision-making. The hierarchy prioritises prevention, reuse, recycling, recovery, and disposal, with disposal considered the least desirable option. DEFRA (2011) argues that application of the hierarchy can deliver both environmental and economic benefits through the recovery of valuable materials and reduction of landfill dependency.
Within industrial decommissioning projects, waste oil recovery is frequently viewed as a sustainable alternative to disposal. DEFRA (2011) notes that waste oils can often be processed into secondary fuels or re-refined products, thereby reducing demand for virgin resources. Circular economy principles further support this approach by promoting resource recovery and minimising waste generation (Geissdoerfer et al., 2017).
However, implementation of the waste hierarchy is often constrained by waste composition. Highly contaminated sludge containing elevated concentrations of heavy metals, chlorinated compounds, or mixed waste streams may be unsuitable for recovery processes and instead require treatment through hazardous waste incineration (Environment Agency, 2023). Such treatment routes can represent a substantial proportion of total project costs.
The literature also emphasises the importance of accurate waste characterisation. WM3 guidance produced by the Environment Agency (2023) requires waste producers to determine the hazardous properties of waste prior to transportation and disposal. Incorrect classification may result in inappropriate treatment, regulatory breaches, and environmental impacts. Consequently, comprehensive sampling and analysis are regarded as essential components of project planning.
Although waste recovery is generally considered the preferred option, it is not always the most practical solution. Factors such as transport costs, treatment requirements and the value of recovered materials can all affect whether recovery is commercially viable. As a result, project teams often need to balance environmental benefits against operational and financial considerations.
[bookmark: _Toc231152018]3.3 Safety and Risk Control
Safety management is fundamental to all decommissioning activities. Storage tank decommissioning presents numerous hazards, including confined spaces, hazardous substances, work at height, structural instability, and heavy plant operations. Effective risk management is therefore essential to protect workers and maintain compliance with legal requirements.
The Confined Spaces Regulations (1997) identify confined spaces as environments where serious injury can occur from hazardous substances or dangerous conditions. Tanks containing residual oil, sludge, and vapours present particular risks due to the potential presence of toxic atmospheres, flammable gases, and oxygen deficiency. Khan and Abbasi (1999) found that confined space incidents continue to account for a disproportionate number of industrial fatalities, often due to failures in hazard recognition and emergency preparedness.
The Health and Safety Executive (2023) emphasises that confined space entry should be avoided wherever reasonably practicable. Where entry cannot be eliminated, suitable controls must be implemented, including atmospheric monitoring, ventilation systems, rescue arrangements, permit-to-work systems, and competent supervision.
Working at height represents an additional hazard commonly associated with storage tank operations. Inspection, sampling, maintenance, and demolition activities frequently require access to elevated structures. The Work at Height Regulations (2005) require employers to avoid work at height where possible and to implement collective protective measures before relying on personal protective equipment.
Exposure to hazardous substances is controlled through the COSHH Regulations (2002), which require employers to assess risks and implement appropriate control measures. The literature consistently demonstrates that reliance on PPE alone is inadequate because it does not eliminate hazards at source (Crawley and Tyler, 2015). Instead, engineering controls such as enclosed systems, remote handling equipment, and mechanical extraction methods are generally considered more effective.
The hierarchy of control continues to play an important role in industrial risk management. CCPS (2019) notes that the most effective controls are those that remove hazards entirely or reduce exposure through engineering solutions. This is one of the reasons why modern decommissioning projects increasingly favour remote and mechanised techniques instead of relying heavily on administrative controls or PPE.
[bookmark: _Toc231152019]3.4 Environmental Protection and Bund Design
Environmental protection is a key consideration throughout the lifecycle of hazardous storage facilities. Secondary containment systems, commonly referred to as bunds, are designed to prevent accidental releases of hazardous materials from reaching the surrounding environment.
CIRIA (2014) states that bunds should be capable of containing at least 110% of the volume of the largest tank and should be constructed using impermeable materials to prevent leakage. Similar requirements are reflected within Environment Agency pollution prevention guidance and COMAH containment principles.
Research suggests that containment system failures are frequently linked to inadequate inspection and maintenance rather than original design deficiencies (CIRIA, 2014). Common issues include standing liquids, cracking, erosion, vegetation growth, and deterioration of protective coatings. These defects can reduce containment capacity and compromise environmental protection.
Ageing infrastructure presents additional challenges. According to EEMUA (2014), corrosion and long-term exposure to aggressive environments can significantly reduce the integrity of containment systems. Where contamination is already present within a bunded area, there may be evidence of historical leakage or ineffective housekeeping practices.
The literature emphasises that environmental protection measures should not be viewed as standalone requirements but should instead be integrated into broader asset management and decommissioning strategies. Effective containment systems reduce the likelihood of pollution incidents, minimise remediation costs, and support regulatory compliance.
[bookmark: _Toc231152020]3.5 Project Management and Risk-Based Decision Making
The decommissioning of large industrial assets involves multiple stakeholders, technical uncertainties, regulatory requirements, and competing commercial objectives. Consequently, effective project management is essential for successful project delivery.
The Project Management Institute (PMI, 2021) identifies risk management as a core project management discipline. Risk-based approaches recognise that uncertainty cannot be eliminated entirely and instead focus on identifying, evaluating, and controlling risks throughout the project lifecycle.
ISO 31000 (2018) defines risk management as a coordinated set of activities designed to direct and control an organisation with regard to uncertainty. The framework promotes systematic identification, assessment, treatment, and monitoring of risks. Within industrial decommissioning projects, this approach is particularly valuable because uncertainty surrounding asset condition and waste composition can significantly influence programme duration, cost, and safety performance.
Hopkin (2023) argues that effective risk management requires flexibility and continual reassessment rather than reliance on static plans. This perspective aligns closely with decommissioning projects where information becomes progressively available as work proceeds. Consequently, adaptive planning strategies are often more effective than rigid project schedules.
Kerzner (2022) highlights the difficulty of balancing competing project priorities. In practice, improvements in one area can sometimes create challenges elsewhere. For example, reducing programme duration may increase operational risk, while selecting the safest option may result in higher costs. Effective decision-making therefore requires consideration of how technical, safety, environmental and commercial factors influence one another.
The literature demonstrates that risk-based project management provides a valuable framework for managing uncertainty and supporting informed decision-making. These principles are directly applicable to the MGT project, where uncertainty surrounding sludge composition, disposal requirements, and structural condition represents a significant risk driver.
[bookmark: _Toc231152021]3.6 Summary of Literature Findings
Several common themes emerge from the literature. Successful tank decommissioning projects typically adopt a phased approach, place a strong emphasis on safety and environmental protection, and remain flexible enough to respond to changing site conditions. The importance of waste management, containment integrity, minimising confined space entry and effective risk management is repeatedly highlighted throughout the published guidance. These themes form the basis of the analysis and recommendations presented in the following chapters.
[bookmark: _Toc231152022]4. Methodology
[bookmark: _Toc231152023]4.1 Research Approach
This study adopts a qualitative engineering case study approach to develop a decommissioning strategy for the Million Gallon Tanks (MGTs) located at Tata Steel Port Talbot. A case study methodology is considered appropriate because the project examines a contemporary engineering problem within its real-world context, where multiple technical, environmental, safety, and commercial factors interact simultaneously (Yin, 2018). Unlike experimental research, which seeks to isolate variables under controlled conditions, case study research enables detailed investigation of complex industrial situations where variables cannot easily be separated.
The research is primarily qualitative in nature because the objective is not to generate predictive mathematical models but to evaluate alternative decommissioning strategies and support decision-making under uncertainty. Although quantitative information such as contractor costs, programme durations, and waste volumes are considered, the study relies predominantly on engineering judgement, risk evaluation, and comparative analysis of available options. Creswell and Creswell (2018) argue that qualitative approaches are particularly valuable when investigating complex decision-making processes and understanding how different factors influence outcomes.
A risk-based philosophy underpins the methodology. This reflects established engineering practice where safety, environmental compliance, and operational feasibility are considered alongside commercial objectives (ISO, 2018). The approach aligns with the principle of reducing risk to As Low As Reasonably Practicable (ALARP), which remains a fundamental concept within industrial risk management and process safety (HSE, 2001; CCPS, 2019).
[bookmark: _Toc231152024]4.2 Data Sources and Information Collection
The methodology draws upon multiple sources of evidence to develop a comprehensive understanding of the decommissioning challenge. The use of multiple data sources supports methodological triangulation, increasing confidence in the findings and improving overall research robustness (Yin, 2018; Saunders et al., 2019).
[bookmark: _Toc231152025]4.2.1 Structural Inspection Reports
Structural inspection reports were reviewed to assess the physical condition of the tanks and associated infrastructure. These reports identified corrosion, deterioration of protective coatings, degradation of access systems, and concerns relating to structural integrity. Inspection findings provided the basis for evaluating existing safety risks and informed subsequent assessment of decommissioning requirements.
[bookmark: _Toc231152026]4.2.2 Contractor Proposals
Technical and commercial proposals submitted by contractors formed a key component of the analysis. These proposals outlined alternative approaches to sludge removal, hazardous waste management, and structural demolition. The variation between methodologies provided an opportunity to compare different approaches against a consistent set of evaluation criteria.
The analysis of contractor submissions is consistent with engineering decision-making practice, where alternative solutions are assessed to identify the option that provides the most appropriate balance between risk, cost, and operational performance (Kerzner, 2022).
[bookmark: _Toc231152027]4.2.3 Operational and Historical Data
Historical project information and operational records were reviewed to identify practical challenges associated with previous attempts to manage the tanks. Information relating to pumping performance, waste handling difficulties, and operational constraints provided valuable insight into the feasibility of different removal methods.
The use of historical data is recognised as an important component of risk-based engineering because previous operational experience can provide evidence of system limitations and emerging risks that may not be apparent through inspection alone (Lees, 2012).
[bookmark: _Toc231152028]4.2.4 Regulatory and Industry Guidance
Relevant legislation, standards, and industry guidance documents were reviewed to ensure that the proposed strategy aligns with recognised best practice. These included guidance from the Health and Safety Executive (HSE), Environment Agency, CIRIA, API, EEMUA, and other recognised bodies.
Incorporating regulatory and industry guidance ensures that the resulting strategy is both technically sound and legally compliant, reflecting established principles of engineering governance and risk management (Hopkin, 2023).
[bookmark: _Toc231152029]4.3 Evaluation Criteria
To facilitate a structured comparison of alternative decommissioning methodologies, a set of evaluation criteria was developed. The selected criteria reflect the principal factors influencing decision-making within industrial decommissioning projects and are consistent with risk-based management frameworks described by ISO 31000 (2018) and PMI (2021).
[bookmark: _Toc231152030]4.3.1 Safety
Safety was assigned the highest priority due to the potentially severe consequences associated with decommissioning activities. Evaluation considered:
· Confined space entry requirements
· Structural stability during operations
· Exposure to hazardous substances
· Working at height risks
· Potential consequences of failure
Methods that reduced direct human exposure through engineering controls and mechanised systems were considered more favourable than those relying heavily on procedural controls or personal protective equipment.
[bookmark: _Toc231152031]4.3.2 Environmental Impact
Environmental performance was assessed by considering:
· Risk of containment failure
· Potential for soil or groundwater contamination
· Waste handling and disposal requirements
· Compliance with environmental legislation
Preference was given to strategies that aligned with the waste hierarchy and minimised the likelihood of pollution incidents (DEFRA, 2011; Environment Agency, 2023).
[bookmark: _Toc231152032]4.3.3 Cost
Commercial considerations included:
· Waste treatment and disposal costs
· Labour requirements
· Equipment costs
· Contractor resource requirements
· Programme-related expenditure
Whilst cost remains an important project consideration, it was not treated as the primary decision-making factor because lower-cost options may introduce unacceptable safety or environmental risks.
[bookmark: _Toc231152033]4.3.4 Programme Duration
Programme performance was evaluated through consideration of:
· Duration of liquid removal activities
· Duration of sludge removal activities
· Demolition timescales
· Overall project completion period
Reducing programme duration can lower exposure to risk; however, overly aggressive schedules may increase operational complexity and introduce additional hazards.
[bookmark: _Toc231152034]4.3.5 Feasibility and Flexibility
Given the uncertainty surrounding sludge composition and volume, flexibility was considered a critical evaluation criterion. Strategies capable of adapting to changing site conditions were viewed more favourably than approaches dependent upon a single set of assumptions.
This reflects broader risk management theory, which emphasises resilience and adaptability when managing uncertain operating environments (Hopkin, 2023).
[bookmark: _Toc231152035]4.4 Comparative Analysis Method
A comparative analysis methodology was employed to evaluate contractor proposals against the defined criteria. Comparative evaluation is widely used within engineering decision-making because it enables competing options to be assessed systematically across multiple performance measures rather than focusing solely on cost (Belton and Stewart, 2002).
Each methodology was reviewed to identify its principal strengths, limitations, opportunities, and associated risks. The assessment considered both individual performance against specific criteria and overall suitability within the context of the MGT project.
Rather than applying a simple numerical scoring model, the evaluation adopted a risk-informed approach. This recognised that certain criteria, particularly safety and environmental protection, carry greater significance than cost alone. Such approaches are consistent with multi-criteria decision analysis frameworks frequently applied in engineering management and project selection (Keeney and Raiffa, 1993).
To support the qualitative assessment, a simple weighted evaluation matrix was also developed and is presented in Appendix D. The matrix was used to supplement the risk-informed evaluation by providing a transparent comparison of contractor proposals against key project criteria including safety, environmental performance, technical robustness, programme certainty and cost.
[bookmark: _Toc231152036]4.5 Risk-Based Decision Framework
A risk-based decision framework was applied to support selection of the preferred decommissioning strategy. Risk-based approaches seek to improve decision quality by systematically considering uncertainty, consequence, and the effectiveness of available controls (ISO, 2018).
The framework incorporated:
· Hazard identification
· Assessment of likelihood and consequence
· Evaluation of existing controls
· Identification of additional mitigation measures
· Selection of options capable of reducing risk to ALARP
This approach reflects recognised process safety principles and aligns with methodologies promoted by CCPS (2019), PMI (2021), and Hopkin (2023).
The framework was particularly important due to uncertainty surrounding sludge characteristics, which represented a significant project risk and had the potential to influence cost, programme duration, and method selection.
[bookmark: _Toc231152037]4.6 Limitations of the Methodology
Whilst the methodology provides a structured basis for evaluating decommissioning options, several limitations should be acknowledged.
[bookmark: _Toc231152038]4.6.1 Uncertainty in Sludge Characteristics
The absence of detailed sludge characterisation data introduces uncertainty into the evaluation process. Assumptions regarding viscosity, contamination levels, and handling requirements were therefore necessary.
[bookmark: _Toc231152039]4.6.2 Variability in Contractor Proposals
Contractor submissions were developed using different assumptions and scopes of work. This created challenges when attempting to conduct direct comparisons between proposals.
[bookmark: _Toc231152040]4.6.3 Limited Quantitative Data
The research relies predominantly on qualitative assessment rather than extensive quantitative modelling. Whilst appropriate for the objectives of this study, this may reduce the precision of direct comparisons between alternatives.
[bookmark: _Toc231152041]4.6.4 Site-Specific Constraints
As with many industrial case studies, findings are closely linked to site-specific conditions and may require modification before application elsewhere. Saunders et al. (2019) note that contextual factors are an inherent limitation of case study research but do not necessarily reduce the value of findings within the original setting.
[bookmark: _Toc231152042]4.7 Summary
This methodology provides a structured and risk-informed framework for evaluating decommissioning strategies for the Million Gallon Tanks. By integrating multiple sources of evidence, applying clearly defined evaluation criteria, and adopting recognised risk-management principles, the study supports informed decision-making under conditions of uncertainty.
The methodology prioritises safety, environmental protection, and operational feasibility while maintaining consideration of commercial factors. Furthermore, the adoption of a flexible and adaptive approach reflects both industry best practice and the complex nature of the decommissioning challenge.
[bookmark: _Toc231152043]5. Current State Analysis
The current condition of the Million Gallon Tanks (MGTs) represents a high-risk scenario requiring urgent and structured intervention. The risks associated with the tanks are not confined to a single domain but instead span structural integrity, environmental protection, and operational safety. These risks are compounded by the ageing nature of the infrastructure, the presence of hazardous materials, and the absence of proactive maintenance. A comprehensive understanding of the current state is therefore essential to inform the development of an effective decommissioning strategy.
[bookmark: _Toc231152044]5.1 Structural Integrity
The structural condition of the tanks is a primary concern, with inspection reports identifying extensive corrosion across tank shells, support structures, and associated infrastructure (Tata Steel). Corrosion is a progressive degradation mechanism that reduces material thickness and compromises load-bearing capacity over time, particularly in aggressive industrial environments where moisture and contaminants are present (Lees, 2012).
The breakdown of protective coatings has exposed the underlying steel to environmental conditions, accelerating the corrosion process. This is particularly evident in areas exposed to standing liquid, where corrosion rates are significantly increased due to prolonged contact with water and contaminants. Localised corrosion, often occurring below fluid levels, can lead to uneven degradation and the formation of weak points within the structure. Such degradation is difficult to predict and may result in sudden or localised failure under load (Lees, 2012).
In addition to the tank shells, supporting structures such as walkways, platforms, and handrails have also deteriorated. These components are critical for providing safe access during inspection and maintenance activities. Their degradation introduces additional safety risks, particularly where temporary repairs have been implemented. The presence of non-standard or temporary fixes indicates a reactive maintenance approach, which does not address underlying structural issues and may contribute to a false perception of safety.
From an engineering perspective, the combined effects of corrosion, degraded access systems, and uncertainty in structural condition significantly reduce the reliability of the asset. This uncertainty limits the ability to safely carry out operations and increases the likelihood of failure during decommissioning activities.
[bookmark: _Toc231152045]5.2 Environmental Risk
Environmental risks associated with the MGTs are closely linked to the condition of the bunded containment system. Bunds are designed to provide secondary containment in the event of tank failure, preventing the release of hazardous materials into the surrounding environment. Industry guidance specifies that bunds must be impermeable and capable of containing at least 110% of the capacity of the largest tank (CIRIA, 2014).
However, inspection findings indicate that the bund system at the MGT site is compromised. The accumulation of standing liquid within the bund reduces its effective capacity, meaning that it would be unable to contain the full volume of a tank rupture. This represents a critical failure point, as any overflow would result in uncontrolled discharge of hazardous materials.
The presence of contamination within the bund further suggests that leakage or seepage may have already occurred. This raises concerns regarding the integrity of the bund lining and the potential for pollutants to enter surrounding soil and groundwater. Environmental contamination of this nature can have long-term consequences, including ecological damage and costly remediation requirements.
Regulatory frameworks require that industrial operators take all reasonable measures to prevent environmental pollution. The Environment Agency (2023) emphasises the importance of maintaining containment systems and managing hazardous waste in a controlled and compliant manner. Failure to meet these requirements can result in enforcement action, financial penalties, and reputational damage.
From a risk perspective, the compromised bund system significantly increases the potential severity of any structural failure, as it removes a critical layer of protection.
[bookmark: _Toc231152046]5.3 Operational and Safety Risk
Operational and safety risks are closely intertwined in the context of the MGTs. The degraded condition of access systems presents immediate hazards to personnel required to carry out inspection, maintenance, or decommissioning activities. Corroded structures, missing components, and temporary repairs increase the likelihood of slips, trips, falls, and structural failure during use.
Confined space hazards represent one of the most significant safety risks. The interior of the tanks may contain hazardous atmospheres, including flammable vapours, toxic gases, and oxygen-deficient conditions. These environments present a high risk of serious injury or fatality if not properly controlled. The Confined Spaces Regulations (HSE, 1997) require that entry into such environments is avoided wherever possible, with alternative methods prioritised.
Exposure to hazardous substances is another critical consideration. The sludge and liquids within the tanks are likely to contain hydrocarbons and other toxic compounds, posing risks to personnel through inhalation, skin contact, or ingestion. The Control of Substances Hazardous to Health (COSHH) regulations require that exposure is minimised through engineering controls, safe systems of work, and appropriate protective measures (HSE, 2002).
Operational constraints further contribute to safety risk. Restricted access, limited working space, and degraded infrastructure can hinder the movement of equipment and personnel, increasing the likelihood of accidents. Additionally, the need to coordinate multiple activities, such as waste removal and structural dismantling, introduces complexity and increases the potential for human error.
From a safety engineering perspective, these risks highlight the importance of designing decommissioning processes that minimise direct human interaction with hazardous environments, prioritising mechanical and remote methods wherever possible (Crawley and Tyler, 2015).
[bookmark: _Toc231152047]5.4 Interdependency of Risks 
A critical insight from the current state analysis is that the identified risks are highly interdependent rather than independent. Structural degradation increases the likelihood of tank failure, which in turn increases the risk of environmental contamination. At the same time, degraded access systems increase the risk to personnel attempting to inspect or mitigate these issues.
This interdependency creates a complex risk environment in which addressing one issue may influence another. For example, efforts to inspect corroded structures may require personnel to access unsafe platforms, introducing additional safety hazards. Similarly, attempts to remove hazardous materials may be constrained by structural limitations, affecting the feasibility of certain methods.
This aligns with established findings in process safety, where failures often result from the interaction of multiple contributing factors rather than a single cause (Khan and Abbasi, 1999). As such, addressing risks in isolation is unlikely to provide an effective solution.
The key implication is that a holistic approach is required, considering the system as a whole rather than focusing on individual risks. This reinforces the need for a phased and integrated decommissioning strategy that addresses structural, environmental, and safety considerations simultaneously.
[bookmark: _Toc231152048]5.5 Summary
The current condition of the Million Gallon Tanks represents a complex and high-risk scenario driven by the interaction of structural degradation, environmental vulnerability, and operational hazards. Corrosion and infrastructure deterioration compromise structural integrity, while the reduced effectiveness of the bund system increases environmental risk. At the same time, degraded access systems and hazardous contents create significant safety challenges.
Importantly, the interdependent nature of these risks necessitates a holistic and risk-based approach to decommissioning. The findings of this analysis provide a critical foundation for the subsequent evaluation of contractor methodologies and the development of a structured decommissioning strategy.
[bookmark: _Toc231152049]6. Contractor Proposal Analysis
[bookmark: _Toc231152050]6.1 Introduction
The decommissioning of the Million Gallon Tanks (MGTs) presents a complex engineering challenge, reflected in the variation of contractor proposals submitted for the project. Each proposal adopts a different methodology for the removal of hazardous materials and the dismantling of tank structures, resulting in significant differences in safety, cost, programme duration, and overall feasibility.
In complex industrial projects, the selection of an appropriate methodology cannot be based solely on cost or programme considerations. Instead, it must be informed by a structured, risk-based evaluation that considers safety, environmental impact, and uncertainty (PMI, 2021; Crawley and Tyler, 2015). This section critically evaluates the primary methodologies identified across contractor submissions, with the aim of determining the most suitable approach for the MGT decommissioning.
Three dominant approaches have been identified:
1. Mechanical removal and drying 
2. Direct pumping to tankers 
3. Integrated phased removal and demolition 
Each method is assessed against the evaluation criteria established in the methodology, with particular emphasis on safety, environmental protection, and adaptability. A detailed comparison of contractor quotations, methodology assessments and evaluation scores is provided in Appendix D.
[bookmark: _Toc231152051]6.2 Method 1: Mechanical Removal and Drying
[bookmark: _Toc231152052]6.2.1 Overview
The mechanical removal and drying method involves the excavation of sludge from the tanks, followed by transfer to a designated drying area where the material is allowed to dewater over time. This approach reduces the mass of waste prior to disposal, potentially lowering transport and treatment costs. 
[bookmark: _Toc231152053]6.2.2 Advantages
A key advantage of this method is its potential cost efficiency. By reducing moisture content, the volume and weight of waste requiring disposal can be significantly decreased, which is beneficial where disposal costs are volume- or weight-dependent. This aligns with waste minimisation principles within the waste hierarchy, which prioritises reduction prior to disposal (Environment Agency, 2023).
Additionally, the method does not rely heavily on pumping systems, making it more suitable for handling high-viscosity sludge or semi-solid materials where conventional pumping techniques may be ineffective (API, 2014)
[bookmark: _Toc231152054]6.2.3 Limitations
Despite these advantages, the method presents several critical limitations. The most significant is the extended programme duration, which may exceed 12–18 months. Prolonged project duration increases exposure to existing risks, particularly those associated with structural degradation and environmental vulnerability.
From an environmental perspective, the drying process introduces additional risks. Sludge exposed in open or semi-contained environments may be subject to runoff, particularly during adverse weather conditions, potentially leading to contamination of surrounding areas. This contradicts best practice in environmental protection, which emphasises containment and control of hazardous materials (CIRIA, 2014).
Safety risks are also elevated due to prolonged handling of hazardous materials. The extended duration increases cumulative exposure to contaminants and requires sustained interaction with potentially hazardous sludge. From a risk management perspective, prolonged exposure is a recognised contributor to incident likelihood in industrial environments (Khan and Abbasi, 1999).
6.2.4 Critical Evaluation
While the mechanical drying method offers cost benefits, it is fundamentally limited by its extended duration and associated increase in risk exposure. In the context of the MGTs, where structural integrity is already compromised, prolonging the operational phase is not considered a viable strategy. The method fails to align with the principle of reducing risk exposure as early as possible.
[bookmark: _Toc231152055]6.3 Method 2: Direct Pumping to Tankers
6.3.1 Overview
The direct pumping method involves the extraction of liquid and sludge materials using vacuum tankers, followed by immediate off-site transport and disposal. This approach prioritises rapid removal of hazardous materials, reducing the duration of site exposure.
6.3.2 Advantages
The primary advantage of this method is its speed. Contractor estimates suggest that bulk liquid removal can be completed within a relatively short timeframe, significantly reducing the period during which the site remains in a high-risk condition.
The method also reduces on-site handling of hazardous materials, as waste is transferred directly to tankers. This minimises the need for intermediate storage and reduces the potential for environmental contamination. Such approaches align with best practice in hazardous waste management, where containment and controlled transfer are prioritised (Environment Agency, 2023).


6.3.3 Limitations
However, the effectiveness of this method is highly dependent on the physical properties of the sludge. Pumping systems are generally effective for low-viscosity liquids but are significantly less efficient when dealing with high-viscosity or solid materials (API, 2014).
Given the uncertainty surrounding sludge composition within the MGTs, there is a high risk that pumping alone will be insufficient to remove all material. This introduces the potential for incomplete removal, requiring additional methods and increasing both cost and programme duration.
Furthermore, this method is associated with high transportation and disposal costs. The need for multiple tanker movements, combined with hazardous waste disposal charges, represents a significant financial burden.
[bookmark: _Toc231152056]6.3.4 Critical Evaluation
While the direct pumping method is attractive due to its speed, it lacks robustness in dealing with uncertain waste conditions. Its reliance on favourable material properties introduces a significant risk of failure. From a risk management perspective, methods that depend heavily on assumptions are inherently less reliable (Lees, 2012). As such, this approach is not considered suitable as a standalone solution.
[bookmark: _Toc231152057]6.4 Method 3: Integrated Phased Removal and Demolition
[bookmark: _Toc231152058]6.4.1 Overview
The integrated approach combines elements of pumping, mechanical removal, and structural dismantling within a phased framework. This method involves:
· Initial removal of pumpable liquids 
· Partial dismantling of the tank structure 
· Mechanical excavation of sludge 
· Final demolition of the tank 
This approach is designed to progressively reduce risk while maintaining flexibility.
[bookmark: _Toc231152059]6.4.2 Advantages
A key strength of this method is its adaptability. By incorporating multiple techniques, it can respond to varying waste conditions, ensuring effective removal of both liquid and solid materials. This flexibility is critical in managing uncertainty, which is a dominant risk factor in the MGT project.
The phased approach also supports progressive risk reduction. Removing hazardous liquids early reduces the overall risk profile, allowing subsequent activities to be carried out under safer conditions. This aligns with risk-based engineering principles, which prioritise the elimination of high-risk elements at an early stage (Crawley and Tyler, 2015).
Another significant advantage is the reduction in confined space entry. By partially dismantling the tank, access can be provided for mechanical equipment, reducing the need for personnel to enter hazardous environments. This is consistent with regulatory requirements, which emphasise the avoidance of confined space entry wherever possible (HSE, 1997).
[bookmark: _Toc231152060]6.4.3 Limitations
The primary limitation of this method is its higher upfront cost. The use of specialised equipment and the need for coordinated operations increase expenditure compared to simpler approaches.
Additionally, the method introduces greater operational complexity, requiring careful planning and coordination between multiple activities. However, this complexity is considered manageable within a structured project framework.
[bookmark: _Toc231152061]6.4.4 Critical Evaluation
Despite higher costs, the integrated approach provides the most comprehensive and robust solution. Its ability to adapt to uncertain conditions, combined with its focus on risk reduction, makes it the most suitable option for the MGT project.
From a safety perspective, the reduction in confined space entry represents a significant advantage. Environmentally, the controlled and phased removal of materials reduces the likelihood of contamination. From a commercial perspective, while initial costs are higher, the method reduces the risk of delays and rework, which can ultimately result in lower overall project costs.
[bookmark: _Toc231152062]6.5 Comparative Analysis
A comparative evaluation of the three methods highlights clear differences in performance across key criteria.
	Criteria
	Mechanical Drying
	Direct Pumping
	Integrated Approach

	Safety
	Moderate risk (prolonged exposure)
	Lower risk (short duration)
	Lowest risk (engineered controls)

	Environmental
	High risk (extended exposure)
	Moderate risk
	Low risk

	Cost
	Low
	High
	Moderate–High

	Programme
	Long
	Short
	Medium

	Flexibility
	Low
	Low
	High


The analysis demonstrates that methods optimised for cost or speed alone are insufficient in complex, high-risk environments. The integrated approach provides the best balance between competing objectives, aligning with risk-based decision-making principles (PMI, 2021).
[bookmark: _Toc231152063]6.6 Selection of Preferred Approach
Based on the evaluation, the integrated phased removal and demolition method is identified as the preferred approach. This selection is justified by:
· Its ability to handle variable waste conditions 
· Reduction in safety risk through engineered controls 
· Controlled environmental management 
· Flexibility under uncertainty 
While associated with higher initial costs, this approach aligns with the principle that safety and environmental protection should take precedence over cost considerations in high-risk industrial projects (Lees, 2012).
[bookmark: _Toc231152064]6.7 Summary
The contractor analysis demonstrates that while multiple methodologies are technically feasible, their suitability varies significantly depending on site conditions and project objectives. The integrated approach provides the most robust and adaptable solution, effectively balancing safety, environmental protection, and operational feasibility.
This forms the basis for the proposed decommissioning strategy presented in the following section.
[bookmark: _Toc231152065]7. Risk Assessment (Advanced Analysis)
The decommissioning of the Million Gallon Tanks (MGTs) presents a complex and high-risk scenario involving interconnected safety, environmental, and commercial risks. These risks are not independent but instead interact in ways that can amplify overall project exposure. A structured risk assessment is therefore essential to inform decision-making and ensure that the selected decommissioning strategy reduces risk to as low as reasonably practicable (ALARP), in line with established engineering and safety principles (HSE, 2002).
[bookmark: _Toc231152066]7.1 Safety Risks
Safety represents the most critical consideration in the decommissioning process due to the potential for severe injury or fatality. One of the most significant hazards is confined space entry. The interior of the tanks constitutes a confined space as defined by the Confined Spaces Regulations (HSE, 1997), with the potential for hazardous atmospheres including flammable vapours, toxic gases, and oxygen deficiency. Entry into such environments introduces a high risk of asphyxiation, poisoning, or explosion. Confined space incidents are widely recognised as a major cause of fatalities in industrial environments, particularly where multiple hazards are present (Khan and Abbasi, 1999).
Structural collapse is another major safety concern. The tanks and associated infrastructure have experienced significant corrosion due to prolonged exposure to environmental conditions and the breakdown of protective coatings (Tata Steel). Corrosion reduces structural integrity and introduces uncertainty regarding load-bearing capacity, particularly where degradation is localised and uneven. Unlike predictable mechanical failures, corrosion-related failures can occur suddenly, making them difficult to anticipate and control (Lees, 2012). During decommissioning, additional loads and dynamic forces may be introduced, further increasing the likelihood of structural instability.
Exposure to hazardous substances also presents a significant risk. The sludge and liquids within the tanks are likely to contain hydrocarbons, heavy metals, and other toxic compounds. Contact with these substances can result in both acute and chronic health effects. The Control of Substances Hazardous to Health (COSHH) regulations require that exposure is minimised through engineering controls, safe systems of work, and appropriate protective measures (HSE, 2002). However, reliance on personal protective equipment (PPE) alone is insufficient, as it does not eliminate the hazard at source.
From a risk management perspective, these safety risks highlight the importance of prioritising engineering controls and minimising direct human interaction with hazardous environments. This aligns with the hierarchy of control, which places elimination and engineering solutions above administrative controls and PPE (Crawley and Tyler, 2015).
A summary project risk assessment matrix is presented in Appendix E. The assessment identifies confined space entry, structural instability and uncertainty in sludge characteristics as the highest-ranking project risks requiring targeted control measures.
[bookmark: _Toc231152067]7.2 Environmental Risks
Environmental risks associated with the MGTs are primarily linked to the compromised condition of the bunded containment system and the presence of hazardous materials. The most significant environmental risk is bund failure, which could lead to a major pollution event. Bunds are designed to contain the full contents of a tank in the event of rupture; however, the presence of standing liquid within the bund reduces its effective capacity, meaning that it would be unable to contain the full volume of a release.
Failure of containment systems is a leading cause of environmental incidents in industrial settings, particularly where maintenance has been insufficient (CIRIA, 2014). In the event of tank rupture, the release of oil and contaminated water could result in soil and groundwater contamination, with long-term environmental consequences.
Another key environmental risk relates to waste misclassification. The composition of the sludge within the tanks is uncertain, and incorrect classification could lead to inappropriate handling, transport, or disposal. This represents both an environmental and regulatory risk. The Environment Agency (2023) emphasises the importance of accurate waste classification to ensure compliance with hazardous waste regulations.
Environmental risks are closely tied to regulatory compliance. Industrial operators are required to prevent pollution and manage hazardous substances responsibly. Failure to do so can result in enforcement action, financial penalties, and reputational damage. As such, environmental considerations must be integrated into all stages of the decommissioning process.
[bookmark: _Toc231152068]7.3 Commercial Risks
Commercial risks in the MGT decommissioning project are primarily driven by uncertainty and variability in site conditions. One of the most significant factors is cost variability due to unknown sludge composition. The physical properties of the sludge directly influence the choice of removal method and associated costs. For example, highly viscous or solid materials may require mechanical excavation rather than pumping, increasing labour, equipment, and disposal costs.
Programme delays represent another major commercial risk. Delays may arise from ineffective removal methods, unforeseen structural issues, or regulatory constraints. Extended project durations not only increase direct costs but also prolong exposure to safety and environmental risks.
Contractor proposals are often based on assumptions regarding waste characteristics and site conditions. If these assumptions prove inaccurate, additional work may be required, leading to cost overruns and schedule delays. This reflects a common challenge in process industry projects, where uncertainty in input conditions can significantly impact project outcomes (Lees, 2012).
From a project management perspective, these risks highlight the importance of selecting a strategy that is robust under uncertainty, rather than one that relies on optimistic assumptions (PMI, 2021).
[bookmark: _Toc231152069]7.4 Interdependency of Risks
A critical aspect of the MGT risk profile is the interdependency between safety, environmental, and commercial risks. These risks are closely interconnected, meaning that changes in one area can directly influence others.
For example, structural degradation increases the likelihood of tank failure, which in turn increases environmental risk. At the same time, efforts to mitigate structural issues may expose personnel to additional safety hazards due to degraded access systems. Similarly, attempts to reduce costs by selecting faster or simpler methods may increase safety or environmental risks if those methods are not suitable for the conditions.
This interdependency reflects findings in process safety literature, where incidents are often the result of multiple interacting factors rather than a single cause (Khan and Abbasi, 1999). As such, risk management must adopt a holistic approach, considering the system as a whole rather than addressing individual risks in isolation.
[bookmark: _Toc231152070]7.5 Key Insight: Sludge Uncertainty as the Dominant Risk Driver
The dominant risk driver identified in this analysis is the uncertainty surrounding the composition and physical characteristics of the sludge within the tanks. This uncertainty has a direct impact on several critical aspects of the project:
· Method selection, as different removal techniques are suitable for different material properties 
· Cost, as disposal requirements vary depending on contamination levels 
· Programme duration, as ineffective methods may require rework or alternative approaches 
Uncertainty in material properties is a well-recognised challenge in process engineering, often leading to inefficiencies and increased risk if not properly managed (Lees, 2012). In the context of the MGTs, reliance on a single removal method introduces significant risk, as it assumes favourable conditions that may not exist.
This uncertainty necessitates a flexible and adaptive strategy capable of responding to changing conditions. Methods that incorporate multiple techniques and allow for adjustment during execution are more robust and better suited to complex industrial environments.
[bookmark: _Toc231152071]7.6 Summary
The risk assessment highlights that the decommissioning of the MGTs is characterised by a complex and interdependent set of risks. Safety risks, particularly those associated with confined space entry and structural instability, represent the most immediate concern. Environmental risks, driven by compromised containment systems, introduce the potential for significant regulatory and ecological consequences. Commercial risks, largely influenced by uncertainty in sludge composition, further complicate decision-making.
The identification of sludge uncertainty as the dominant risk driver provides a critical insight that informs the selection of a flexible and risk-based decommissioning strategy. By recognising and managing uncertainty, rather than attempting to eliminate it, the project can be delivered in a way that reduces overall risk and improves the likelihood of successful implementation.
[bookmark: _Toc231152072]8. Proposed Decommissioning Strategy
[bookmark: _Toc231152073]8.1 Introduction
Based on the preceding analysis of site conditions, contractor methodologies, and associated risks, a structured and risk-based decommissioning strategy is proposed for the Million Gallon Tanks (MGTs) at Tata Steel Port Talbot. The strategy adopts a phased and adaptive approach designed to progressively reduce risk while maintaining flexibility to respond to uncertainties, particularly in relation to sludge composition.
The proposed approach is informed by industry best practice, regulatory requirements, and the critical insights identified within this study. In particular, it prioritises safety and environmental protection over purely cost-driven decision-making, consistent with the principle of reducing risk to as low as reasonably practicable (ALARP) (HSE, 2002). Furthermore, the strategy aligns with established risk-based engineering and project management frameworks, which emphasise flexibility and continuous reassessment in complex environments (PMI, 2021; Crawley and Tyler, 2015).
[bookmark: _Toc231152074]8.2 Strategic Principles
The proposed strategy is underpinned by several key principles derived from both literature and site-specific analysis.
Risk Reduction First
The strategy prioritises the early removal of high-risk elements, particularly hazardous liquids, to reduce the overall hazard profile before more complex operations are undertaken. This approach is consistent with process safety principles, which emphasise the elimination of hazards at source wherever possible (Lees, 2012).
Minimisation of Confined Space Entry
In accordance with the Confined Spaces Regulations (HSE, 1997), the strategy seeks to eliminate or minimise the need for personnel to enter the tanks. This is achieved through the use of remote-operated systems and mechanical methods, reducing reliance on administrative controls and personal protective equipment.
Flexibility and Adaptability
Given the uncertainty surrounding sludge composition, the strategy incorporates multiple removal techniques. This ensures that operations can be adapted as conditions become better understood during execution. Flexibility is a key requirement in managing uncertainty in process environments (Khan and Abbasi, 1999).
Phased Implementation
A staged approach ensures that each phase contributes to progressive risk reduction. By breaking the project into manageable stages, risks can be controlled more effectively and adjustments can be made as required.
Regulatory Compliance
All activities are designed to comply with environmental and safety regulations, including hazardous waste management requirements and bund containment standards (Environment Agency, 2023; CIRIA, 2014).
[bookmark: _Toc231152075]8.3 Phase 1: Site Preparation and Enabling Works
The initial phase focuses on establishing a safe and controlled working environment. This includes:
· Isolation of all services connected to the tanks 
· Establishment of exclusion zones and site security 
· Installation of temporary access systems (e.g. scaffolding, walkways) 
· Implementation of safety controls, including signage and barriers 
Given the degraded condition of existing infrastructure, engineered access solutions are required to ensure safe movement of personnel and equipment. This aligns with working at height regulations, which require suitable access systems to be in place (HSE, 2005).
An updated risk assessment should also be conducted during this phase, incorporating any new information obtained from site inspections or sampling. This ensures that the strategy remains aligned with actual site conditions.
[bookmark: _Toc231152076]8.4 Phase 2: Bulk Liquid Removal
The second phase involves the removal of pumpable liquid waste using vacuum tankers or remote pumping systems. This step is critical in reducing the overall hazard level, as liquid hydrocarbons present significant risks in terms of flammability, toxicity, and environmental contamination.
The early removal of liquids provides several key benefits:
· Reduction in hydrostatic pressure on tank walls, improving structural stability 
· Decrease in the volume of hazardous material present on site 
· Improved access conditions for subsequent sludge removal 
This approach is consistent with decommissioning best practice, where high-risk materials are removed at an early stage to reduce overall project risk (API, 2014).
However, it is recognised that not all material will be pumpable. As such, this phase is designed to complement, rather than replace, subsequent removal methods.
[bookmark: _Toc231152077]8.5 Phase 3: Sludge and Solid Removal
The removal of sludge represents the most technically challenging phase due to uncertainty in material properties. A hybrid approach is proposed, combining multiple techniques:
· Pumping for any remaining semi-liquid material 
· Mechanical excavation for high-viscosity or solid deposits 
· Partial dismantling of the tank to allow access for equipment 
Partial dismantling of the tank structure, such as removal of the roof or sections of the wall, enables the use of excavators and mechanical equipment. This significantly reduces the need for confined space entry and aligns with the hierarchy of control, prioritising engineering solutions over manual intervention (Crawley and Tyler, 2015).
Material should be transferred into appropriate containers, such as intermediate bulk containers (IBCs), for safe transport and disposal. Waste classification must be carried out to ensure compliance with hazardous waste regulations (Environment Agency, 2023).
Risk Controls
· Continuous atmospheric monitoring 
· Use of appropriate PPE and respiratory protective equipment (RPE) 
· Segregation of hazardous materials 
Regular reassessment should be conducted to ensure that removal methods remain effective and appropriate.
[bookmark: _Toc231152078]8.6 Phase 4: Structural Demolition
Following the removal of hazardous materials, the tank structure can be dismantled. Mechanical demolition methods, such as excavators fitted with hydraulic shears, should be used to minimise manual handling and reduce exposure to hazards.
Key considerations include:
· Maintaining structural stability during demolition 
· Controlling the removal of large steel sections 
· Preventing the release of residual contaminants 
Recovered steel should be segregated for recycling, providing potential economic benefit and supporting sustainability objectives.
[bookmark: _Toc231152079]8.7 Phase 5: Environmental Remediation and Site Restoration
The final phase involves the remediation of the bunded area and restoration of the site. This includes:
· Removal of contaminated material from the bund 
· Cleaning and inspection of the bund structure 
· Repair or reconstruction of containment systems 
Bund systems must be restored to meet industry standards, ensuring adequate capacity and impermeability (CIRIA, 2014). Any contaminated soil or residual waste must be treated or disposed of in accordance with environmental regulations.
Verification of site condition should be carried out through testing and inspection to confirm compliance with regulatory requirements.
[bookmark: _Toc231152080]8.8 Integration of Risk-Based Approach
A key strength of the proposed strategy is the integration of risk-based decision-making throughout all phases. By addressing the highest risks first, particularly hazardous liquids and structural instability, the strategy reduces the overall risk profile before progressing to more complex activities.
The phased approach also enables continuous reassessment, allowing adjustments to be made in response to new information. This is particularly important given the uncertainty surrounding sludge composition, which represents the dominant risk driver in the project.
[bookmark: _Toc231152081]8.9 Justification of Strategy
The proposed strategy is considered the most appropriate solution for the MGT decommissioning project for several reasons:
· Safety: Minimises confined space entry and reduces exposure to hazards 
· Environmental Protection: Reduces risk of contamination through controlled removal and remediation 
· Flexibility: Accommodates uncertainty in sludge composition 
· Feasibility: Utilises proven engineering methods 
Although associated with higher initial costs, the strategy reduces the likelihood of delays, rework, and incidents. In high-risk industrial environments, prioritising safety and reliability over cost is consistent with best practice (Lees, 2012).
The proposed strategy directly addresses the highest-ranked risks identified within the project risk assessment (Appendix E). In particular, it reduces reliance on confined space entry, manages uncertainty in sludge characteristics through a flexible phased approach, and lowers the potential for environmental contamination through controlled removal and remediation activities.
[bookmark: _Toc231152082]8.10 Summary
The proposed decommissioning strategy provides a structured, phased, and risk-based approach to addressing the complex challenges associated with the Million Gallon Tanks. By integrating multiple removal techniques, prioritising safety and environmental protection, and maintaining flexibility under uncertainty, the strategy offers a robust and practical solution.
This approach not only addresses immediate risks but also aligns with broader objectives of regulatory compliance, sustainability, and long-term asset management.
[bookmark: _Toc231152083]9. Discussion
[bookmark: _Toc231152084]9.1 Introduction
This section critically evaluates the findings of the study, linking the current state analysis, literature review, risk assessment, and contractor evaluation to the proposed decommissioning strategy. The purpose of this discussion is not to repeat earlier findings but to interpret them, identify key trade-offs, and justify why the selected approach represents the most appropriate solution for the Million Gallon Tank (MGT) decommissioning project.
[bookmark: _Toc231152085]9.2 Evaluation of Key Findings
The analysis demonstrates that the MGTs represent a complex, high-risk system where structural degradation, hazardous material accumulation, and environmental vulnerability are closely interconnected. The literature review supports the need for a phased and risk-based approach to decommissioning, particularly in situations involving hazardous waste and confined space hazards (API, 2014; HSE, 1997).
One of the most significant findings is the extent to which structural and environmental risks are interdependent. Corrosion of tank shells and supporting structures not only increases the likelihood of structural failure but also directly contributes to environmental risk by increasing the probability of containment loss. Similarly, the compromised condition of the bund system reduces the site’s ability to mitigate such failures, amplifying the potential consequences.
The contractor analysis further highlights the limitations of single-method approaches. While mechanical drying offers cost advantages, it introduces unacceptable levels of prolonged risk exposure. Conversely, direct pumping provides rapid removal but lacks reliability due to uncertainty in sludge characteristics. These findings reinforce the importance of flexibility and adaptability in decommissioning strategies.
The contractor comparison presented in Appendix D further demonstrated that integrated methodologies achieved higher overall performance when assessed against safety, environmental and technical criteria. This finding supports the selection of the integrated phased approach as the preferred decommissioning strategy.
[bookmark: _Toc231152086]9.3 Trade-Off Analysis
A key aspect of this study is the identification and evaluation of trade-offs between competing project objectives. In industrial decommissioning, it is rarely possible to optimise safety, cost, and programme simultaneously. Instead, decisions must be made based on prioritisation.


Safety vs Cost
The proposed integrated strategy is more expensive than simpler alternatives; however, this increased cost is justified by the significant reduction in safety risk. Methods that rely heavily on confined space entry or prolonged manual handling introduce unacceptable levels of risk, particularly given the degraded condition of the tanks.
From an engineering perspective, prioritising safety aligns with both regulatory requirements and industry best practice. The potential consequences of a safety incident, including injury, fatality, and legal action far outweigh the benefits of reduced upfront cost.
Programme Duration vs Risk Exposure
Shorter project durations are generally desirable, as they reduce the period during which the site remains in a hazardous state. However, overly aggressive timelines may lead to the selection of inappropriate methods or insufficient planning.
The integrated approach achieves a balance by enabling relatively rapid removal of high-risk materials (such as liquids) while allowing sufficient time for controlled sludge removal and demolition. This reduces overall risk exposure without compromising safety or environmental protection.
Flexibility vs Complexity
The inclusion of multiple removal techniques increases operational complexity, requiring careful coordination and management. However, this complexity is necessary to accommodate uncertainty in sludge composition.
Rigid approaches that rely on a single method are more vulnerable to failure if initial assumptions prove incorrect. In contrast, a flexible strategy is more resilient, allowing adjustments to be made as conditions evolve.
[bookmark: _Toc231152087]9.4 Role of Uncertainty in Decision-Making
A central theme throughout this study is the role of uncertainty, particularly in relation to sludge composition. The physical properties of the sludge, such as viscosity, density, and contamination level directly influence the effectiveness of different removal methods.
This uncertainty introduces significant risk, as incorrect assumptions can lead to ineffective methods, delays, and cost escalation. For example, reliance on pumping may be ineffective if the sludge is too viscous, requiring a transition to mechanical excavation.
Rather than attempting to eliminate uncertainty entirely, the proposed strategy acknowledges and manages it. By incorporating multiple methods and adopting a phased approach, the strategy remains robust under varying conditions. This aligns with risk-based engineering principles, which emphasise adaptability and resilience.
[bookmark: _Toc231152088]9.5 Alignment with Industry Best Practice
The proposed strategy is consistent with key principles identified in the literature:
· Minimisation of confined space entry (HSE, 1997) 
· Application of the waste hierarchy (Environment Agency, 2023) 
· Use of engineered controls over administrative controls 
· Phased and risk-based project execution (PMI, 2021) 
By aligning with these principles, the strategy not only addresses site-specific challenges but also meets broader industry and regulatory expectations.
[bookmark: _Toc231152089]9.6 Limitations of the Study
While the study provides a comprehensive evaluation, several limitations must be acknowledged.
Firstly, the analysis is based on available data, which may not fully represent actual site conditions. In particular, limited information on sludge composition introduces uncertainty into the evaluation of removal methods.
Secondly, contractor proposals are based on assumptions that may differ from actual conditions encountered during implementation. This may result in variations in cost and programme.
Finally, the study adopts a primarily qualitative approach. While this is appropriate for the nature of the project, the inclusion of more detailed quantitative analysis—such as cost modelling or risk quantification—could further strengthen the findings.
[bookmark: _Toc231152090]9.7 Summary
The discussion highlights that the decommissioning of the MGTs requires a balanced and risk-informed approach. The integrated strategy provides the most effective solution by addressing the limitations of alternative methods and accommodating uncertainty. While trade-offs are unavoidable, prioritising safety and environmental protection ensures that the project aligns with both regulatory requirements and engineering best practice.
[bookmark: _Toc231152091]10. Conclusion
[bookmark: _Toc231152092]10.1 Overview
The decommissioning of the Million Gallon Tanks at Tata Steel Port Talbot represents a complex engineering challenge involving structural degradation, hazardous materials, and environmental risk. This dissertation has developed a risk-based strategy to address these challenges, integrating findings from literature, site analysis, contractor proposals, and risk assessment.
[bookmark: _Toc231152093]10.2 Key Findings
The study has identified several key findings:
· The current condition of the tanks represents a high-risk scenario requiring urgent intervention
· Structural, environmental, and safety risks are highly interdependent
· Contractor methodologies vary significantly in terms of risk, cost, and feasibility
· Uncertainty in sludge composition is the dominant factor influencing project outcomes
These findings highlight the limitations of traditional, single-method approaches and reinforce the need for a flexible and adaptive strategy.
[bookmark: _Toc231152094]10.3 Achievement of Aim and Objectives
The aim of this dissertation was to develop a safe, compliant, and cost-optimised decommissioning strategy. This has been achieved through:
· Critical assessment of current site conditions 
· Evaluation of industry best practice and regulatory requirements 
· Comparative analysis of contractor methodologies 
· Development of a phased, risk-based strategy 
Each objective has been addressed, resulting in a comprehensive and practical solution.
[bookmark: _Toc231152095]10.4 Final Recommendation
The integrated phased decommissioning strategy is recommended as the most suitable approach for the MGT project. This strategy:
· Reduces safety risks through minimisation of confined space entry 
· Limits environmental impact through controlled removal and remediation 
· Provides flexibility to manage uncertainty 
· Aligns with regulatory and industry best practice 
Although associated with higher initial costs, the strategy offers greater overall value by reducing risk and improving the likelihood of successful project completion.
[bookmark: _Toc231152096]10.5 Future Considerations
To further improve project outcomes, the following actions are recommended:
· Detailed sampling and analysis of sludge prior to implementation 
· Pilot trials to validate removal methods 
· Continuous monitoring and adaptation during execution 
· Integration of lifecycle planning into future asset design 
[bookmark: _Toc231152097]10.6 Closing Statement
The challenges associated with the Million Gallon Tanks highlight the broader issue of managing ageing industrial infrastructure. By adopting a structured, risk-based approach, it is possible to address these challenges effectively while ensuring safety, compliance, and sustainability. The findings of this study provide a practical framework that can be applied not only to the MGT project but also to similar decommissioning challenges across the industrial sector.
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Appendix A
	Item No
	Observations/Defects Found
	Action Required/Comments
	Defect RAM Rating and notification category                               

	[bookmark: _Hlk188532165]Location 1 – North Million Gallon Recovered Oil Tank 

	1
	Location 1
The North Million Gallon tank is now redundant. It was designed to contain 110% of content within but due to corrosion damage the integrity of the tank has been called into question with leaks into the bund surrounding the tank. 

The bund surrounding the tank at the time of inspection was clear with no debris present. 

The access platform to the top of the bund has been prevented via a lockable gate which is only required for inspection purposes. Minor paint breakdown was observed at time of inspection. However, the handrailing is fit for purpose. 

Access to the top of the area of the bund has been prevented due to integrity of the surrounding handrailing and roof. 
 
	Demolish the redundant tanks if not required for use in the future. 

Carry out remedial work if tanks are required in future. 
	Priority RAM Matrix Rating M1-P4 LOW (24 months)
SAP M1 Notification Number: 16032079
[image: A large metal tank with a factory in the background

AI-generated content may be incorrect.]
2025 – North Million Gallon Tank
[image: A fenced area with a bridge

AI-generated content may be incorrect.]
2025 – Surrounding Bund Area
[image: A large metal silo with stairs

AI-generated content may be incorrect.]
2025 – Access Walkway
[image: A close-up of a pipe

AI-generated content may be incorrect.]
2025 – Roof Access Prevented




	Location 2– North Million Gallon Recovered Oil Tank 

	1
	Location 2
The South Million Gallon tank is  redundant with minor content remaining within the bottom of the tank. It was designed to contain 110% of content within but due to corrosion damage the integrity of the tank has been called into question with leaks into the bund surrounding the tank. 

The bund surrounding the tank at the time of inspection was clear with no debris present. 

The access platform to the top of the bund has been prevented via a lockable gate which is only required for inspection purposes. Minor paint breakdown and corrosion damaged was observed at time of inspection. A section of  the handrailing has been removed and replaced with a scaffold pole.  

The handrailing and roof area of the bund has suffered paint breakdown around the full circumference of the tank. 
 
	Demolish the redundant tanks if not required for use in the future. 

Carry out remedial work if tanks are required in future. 
	Priority RAM Matrix Rating M1-P4 LOW (24 months)
SAP M1 Notification Number: 16032079
[image: A close-up of a silo

AI-generated content may be incorrect.]
2025 – South Million Gallon Tank
[image: A green hose next to a concrete silo

AI-generated content may be incorrect.]
2025 – Surrounding Bund Area
[image: A close-up of a staircase

AI-generated content may be incorrect.]
2025 – Access Walkway
[image: A concrete road with a fence and buildings in the background

AI-generated content may be incorrect.]
2025 – Roof Area
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[image: A close-up of a test report

AI-generated content may be incorrect.]

[image: A diagram of a tank

AI-generated content may be incorrect.]
Appendix C
[image: A blueprint of a house

AI-generated content may be incorrect.]
Appendix D – Contractor Quotation Comparison
A.D.1 Sludge Removal and Disposal Contractor Comparison
	Contractor
	Proposed Methodology
	Estimated Cost (£)
	Advantages
	Disadvantages

	MSS Group
	On-site sludge processing and dewatering with demolition by Darlows.
	400,550
	Lowest defined cost; potential on-site processing.
	Dependent on successful sludge treatment.

	Runtech
	Multiple options including drying area and disposal routes.
	£19,380 drying option to £3.59 million full disposal option
	Flexible methodology; lowest demolition cost.
	High uncertainty on disposal route and final cost.

	Veolia
	Integrated turnkey solution including waste, asbestos and demolition.
	1,279,615
	Comprehensive, lowest project risk, strong safety controls.
	Higher capital cost.

	Future Industrial
	Phased pumping, jetting, vacuum loading and disposal.
	2,416,250
	Detailed methodology.
	Highest cost and significant programme uncertainty.



A.D.2 Demolition Contractor Comparison
	Contractor
	Demolition Cost (£)
	Key Notes

	Runtech
	17,156.60
	Lowest submitted demolition cost.

	Squibb Group
	28,850.00
	Competitive demolition-only proposal.

	MSS Group
	39,259.96
	Demolition via specialist partner.

	Veolia
	Included in package
	Part of turnkey solution.



A.D.3 Contractor Evaluation Matrix
	Criteria
	Weighting (%)
	MSS
	Runtech
	Veolia
	Future

	Cost
	25
	5
	4
	2
	1

	Safety
	30
	3
	4
	5
	2

	Environmental Compliance
	20
	3
	3
	5
	3

	Technical Robustness
	15
	3
	4
	5
	2

	Programme Certainty
	10
	3
	4
	5
	2

	Total Score
	100
	3.45
	3.85
	4.40
	2.00




 Appendix E – Project Risk Assessment Matrix
Project: Million Gallon Tank (MGT) Decommissioning Project
Location: Tata Steel Port Talbot
Assessment Type: Strategic Project Risk Assessment
	Hazard
	Potential Consequence
	Initial Risk Rating
	Control Measures
	Residual Risk Rating

	Structural failure of tank shell
	Serious injury, fatality, environmental release
	High
	Exclusion zones, structural inspections, phased dismantling, engineered demolition methods
	Medium

	Failure of bund containment system
	Environmental pollution, groundwater contamination, regulatory action
	High
	Removal of liquids at earliest opportunity, bund inspection, temporary containment measures, environmental monitoring
	Medium

	Confined space entry into tanks
	Fatality due to toxic atmosphere, oxygen deficiency or fire
	Very High
	Avoid entry where possible, mechanical excavation, atmospheric monitoring, permit to work system, rescue arrangements
	Low

	Exposure to hydrocarbons and contaminated sludge
	Health effects, skin irritation, inhalation hazards
	High
	COSHH assessment, enclosed transfer systems, PPE/RPE, hygiene controls
	Medium

	Fire or explosion from residual hydrocarbons
	Multiple fatalities, major asset damage
	High
	Gas testing, ignition control, hot work permit system, inerting where required
	Low

	Failure of sludge removal methodology
	Programme delay, cost increase, rework
	High
	Phased approach, multiple removal techniques available, contingency planning
	Medium

	Incorrect waste classification
	Regulatory breach, disposal rejection, increased costs
	Medium
	Waste sampling and analysis, WM3 assessment, specialist waste contractor involvement
	Low

	Heavy plant operations during demolition
	Collision, crushing injuries, asset damage
	High
	Competent operators, exclusion zones, lifting plans, supervision
	Medium

	Working at height on degraded access structures
	Falls from height, serious injury
	High
	Temporary engineered access systems, scaffolding, inspection of access routes
	Medium

	Environmental contamination during sludge transfer
	Pollution event, enforcement action
	High
	Bunded transfer areas, spill response arrangements, environmental monitoring
	Low

	Programme delays due to unknown sludge characteristics
	Increased project costs and prolonged risk exposure
	High
	Early sampling, adaptive project planning, contingency allowances
	Medium

	Contractor interface and coordination failures
	Delays, unsafe operations, duplicated activities
	Medium
	Project management plan, daily coordination meetings, permit to work system
	Low


Risk Rating Definitions
	Rating
	Definition

	Very High
	Immediate action required

	High
	Significant controls required

	Medium
	Manage through planned controls

	Low
	Acceptable with routine monitoring


Key Risk Assessment Finding
The dominant project risk is uncertainty surrounding sludge composition and physical characteristics. This risk directly influences method selection, programme duration, waste disposal requirements and project cost. Consequently, a flexible phased methodology incorporating multiple removal techniques was selected as the preferred decommissioning strategy.
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