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[bookmark: _Toc164858029]Abstract – 1 Page/300 words

This report presents an in-depth account of a project carried out at Tata Steel’s Port Talbot site, concerning upgrades carried out to modernise part of the Main Pumphouse clarification plant, known as the Arnallt.  The Arnallt is a sump system with the purpose of removing sludge, scale and oil from the Hot Strip Mill’s effluent water.
The Arnallt consists of 8 pumps, 6 smaller and 2 larger, used to move the wastewater as required.  These are currently activated/deactivated via basic float switches on contactors.  This set up is outdated and therefore the project sets out to modernise the system by automating the Arnallt through the addition of PLC-driven technology. 
The project aims to completely automate the system and allow for both local and remote monitoring and control, using PLCs and level sensors to replace the current float switches, therefore enhancing efficiency, reliability, and regulatory compliance of the system.
The research begins by highlighting the issues associated with the existing float switch system, such as inefficiencies, maintenance issues, limited monitoring capabilities and continuous unnecessary costs.  A thorough review of relevant literature provides insights to the benefits of automation through PLC-driven technology, including improved control, energy savings and improved safety.
The design and implementation of the system highlights the way the work was carried out, following the methodology chapter.  This section focuses on the PLC programming through use of various software, the installation of the cables/panels and the wiring of various components within the panels.
The final few sections include an evaluation and conclusion of the project, as well as a personal reflection to how things went and how/what may be changed in a future project or if this project was to be repeated.
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[bookmark: _Toc164858032]Chapter 1 – Introduction
The following project is a critical endeavour aimed at improving the efficiency of the existing sump system, known as the ‘Arnallt’ that forms part of an integral part of the ‘Main Pumphouse Clarification Plant’ at Tata Steel’s Port Talbot site.  The project looks to perform upgrades to the Arnallt sump system to bring it up to modern standards, through automation using PLC (Programmable Logic Controller) driven technology, as opposed to the outdated float switch set up that is currently in use.
The ‘Arnallt’ pumping station stands as a vital component within the Main Pumphouse Clarification Plant at Tata Steel’s Port Talbot site.  This facility primarily serves the essential purpose of removing sludge, scale and oil from the Hot Strip Mill’s effluent water while simultaneously cooling it down to maintain the service water temperature of 20°C, within a tolerance of +/-3°C. [1]
The Arnallt sump system comprises of eight pumps designed to transfer water from an off-site river through an underground culvert, strategically situated at the clarification plant.  A valve also exists at the works reservoir to allow controlled inflow of Arnallt river into the sump, further aiding in the management of water levels as required.
This collection of pumps is further divided into two large and six smaller capacity pumps, each with distinct responsibilities.  The smaller pumps are tasked with directing water to the seaward side of the beach weir, while the two larger capacity pumps and used for supplying the stormwater basin, which forms another vital component of the clarification plant.
The significance of these pumps cannot be overstated, as they are responsible for regulating the water level within the Arnallt sump, and without this supervision, the company would receive major fines for flooding the river further upstream, located in the centre of the town of Port Talbot.
Due to this reason, it is imperative to ensure this water level remains within the predefined thresholds and this process will trigger a high-level alarm if the levels exceed these limits.
Currently, each of the eight pumps at the Arnallt system rely solely on basic float switches for their operation.  This means that the pumps are activated and deactivated based only on the current water level, leading to frequent and sometimes excessive switching on and off.  This setup, while effective, is outdated and inadequate for the demands of a 24-hour water inflow process.  The consequence of this outdated technology is excessive strain on the pumps, leading to premature wear and tear and ultimately more regular maintenance/replacement of pumps.
In recognition of the limitations of the current system, it has been established that upgrades are crucial.  The solution entails replacing the aging float switch contactors with modern Allen Bradley PLCs.  These PLCs are installed as the standard equipment across the Energy department at Port Talbot’s Tata Steel site and the introduction of this technology will increase the functionality of the system substantially, by providing real-time status updates and control interfaces.  This upgrade is expected to not only improve the efficiency of the system but also extend the operational lifespan of the pumps, easing the burden of frequent wear and tear.  Additionally, it will simplify the management of the Arnallt sump system entirely.
Alongside the efficiency improvements of these upgrades to the system, it is paramount to mention that the project aligns with the company’s current emphasis on the shift to green energy and lowering the site’s carbon footprint over the coming years, which has become of utmost priority within the business.  Retaining current resources and energy efficiency of plant, along with their commitment to innovation, environmental responsibility and the continuous improvement of its industrial processes is currently of major importance.  The project has been carried out with this in mind, as well as the improvement of standards on site and the requirement for more stringent UK regulations and environmental responsibility.  The movement of water, especially in an industrial setting, is subject to a range of regulations and guidelines that must be followed.  The modernisation of the Arnallt sump system ensures that Tata Steel remains compliant with these regulations, reducing the environmental impact and potential risks associated with wastewater management.
One of the key benefits of the proposed upgrade is the introduction of remote monitoring and control capabilities.  This means that the entire system can be overseen and managed from an office or designated control room, without the need to travel to the Arnallt sump itself.  The advantage of remote monitoring cannot be overlooked, as it allows for real-time adjustments and immediate responses to be made to changing conditions as and when required.  The capability enhances the overall operational efficiency of the system, minimizes downtime and contributes to cost-savings.
In Conclusion, the transition from basic float switches to a PLC driven system signifies a step forward in the management of the clarification plant as a whole, and is being completed alongside other projects to ensure a number of targets are met.  The upgrade not only addresses current inadequacies with aging equipment but also ensures regulatory compliance, extends equipment lifespan, and offers remote monitoring and control capabilities that will undoubtedly improve the operation of the system vastly.  This report focuses on the upgrades undertaken at the Arnallt system, how the methods used were decided upon, as well as the design, planning, installation and commissioning phases during the life of the project.
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Fig. 1 – The Arnallt pumping station.
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Industrial sump systems play a vital role in various industrial processes, serving as the cornerstone for efficient management and treatment of wastewater, controlling various water levels and safeguarding environmental integrity.  In today’s rapidly evolving industrial world, where sustainability and regulatory compliance are paramount, the modernisation of these systems become a necessity.
This literature review highlights the importance of water sump systems and investigates the challenges and issues surrounding the current industrial float switch setups and the transition to advanced, PLC-driven systems.  It also looks at the benefits that arise from carrying out these upgrades both operationally and environmentally, within the context of the UK industrial sector.
Some case studies are also included from documents found during the research stage, showing the various benefits of these upgrades.
Regulations and legislation requirements for the following project are also noted at the end of this chapter.
[bookmark: _Toc164858034]Importance of Sump Systems

Industrial sump systems are essential in many industrial operations, ensuring the seamless flow of operations through efficient management and disposal of wastewater generated from various manufacturing processes.  More than purely wastewater management, these systems are fundamental in ensuring environmental sustainability, regulatory compliance, and operation efficiency.  They act as reservoirs for collecting, treating, and disposing/recycling wastewater, thereby mitigating potential environmental risks and safeguarding public health.
Additionally, these sump systems play an important role in optimizing resource utilization and minimizing water wastage as much as possible.  By effectively controlling water levels and facilitating the reuse or safe disposal of wastewater, these systems contribute to the conservation of water resources and the reduction of any operational costs associated with water consumption/disposal.
The importance of industrial sump systems cannot be overstated in industries such as manufacturing, mining, and chemical processing, where the efficient handling of wastewater is crucial for both operational and environmental reasons.  These systems act to safeguard against potential environmental hazards and ensure the surrounding environment is not harmed or altered by any industrial processes or activities. [2]
[bookmark: _Toc164858035]Challenges with conventional float switch setups

Conventional float switch setups, which have long been the standard in monitoring/controlling industrial sump systems, are increasingly being recognised for their limitations in today’s industrial settings.  These basic setups typically rely on simple mechanisms for pump activation and deactivation, based solely on varying water levels.  These setups, using basic on/off signals, often fall short in terms of adaptability, reliability, and efficiency.  Therefore, an increase in general wear and tear (where fault float switches lead to burnt out pumps etc.) and reliance on heavier on maintenance, manual inspections and replacement of parts typically occurs, leading to higher overall operational costs.  This has led to the movement away from float switches to more complex, automated systems, which are common today due to their parts being more affordable and accessible than ever.  These systems generally require less maintenance and generate less wear and tear due to smoother operation and are more efficient in meeting the demands of more modern industrial processes. [3] [4]
[bookmark: _Toc164858036]Transition to automated systems

The transition from conventional float switch setups to PLC-driven systems represents a significant leap in industrial sump technology.  PLCs offer a level of sophistication and flexibility that far exceeds that of conventional float switches, and therefore with the benefits of precise control, real-time monitoring and seamless integration with other industrial processes, the switch to PLC-driven systems are a no brainer in this area of wastewater management.
PLC-driven systems give operators visibility and control which is unmatched by the conventional set up, allowing for fine adjustments to optimize pump performance and live adjustable parameters for changing conditions or requirements as and when required.  This level of automation, along with affordability, creates an obvious justification to make the switch from an outdated and commonly unreliable system to a smoother operating system with the above capabilities.  The transition to PLC-driven system not only improves operational efficiency but also extends equipment lifespan and can drastically reduce maintenance requirements during the life of the plant and equipment. [5]
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Numerous real-world examples and case studies demonstrate the value of transitioning to PLC-driven systems in industrial sump systems.  For example, one study conducted documented significant energy savings and operational improvements resulting in the implementation of a PLC-driven pump in a manufacturing plant. [6] By optimizing pump scheduling, flow rates and pressure settings, the plant was able to notably reduce energy usage, improve productivity and achieve better overall reliability.
Also, research by another party showed the advantages of remote monitoring and control capabilities offered by adopting PLC-driven systems in a wastewater treatment facility.  By remotely accessing and managing sump system operations, operators were able to respond promptly to changing conditions, optimize resource allocation and ensure compliance with regulatory requirements. [7]
[bookmark: _Toc164858038]Regulatory compliance and environmental responsibility

Regulatory compliance an environmental responsibility are top priorities for industrial operators, and therefore in the design, operation and maintenance of industrial sump systems.  The UK Environment Agency imposes stringent regulations and guidelines governing wastewater disposal, pollutant emissions and environmental protection measures. [8]

Modernizing industrial sump systems with PLC-driven technology plays a crucial role in facilitating compliance with these regulatory requirements through control, monitoring and reporting of various data on water usage, movement, and disposal, as well as pollutant concentrations and volumes of water moved.  By enabling real-time monitoring and reporting, PLC-driven systems can help businesses to follow/stay ahead of regulatory requirements and minimize the risk of non-compliance with current regulations/legislation.  Additionally, the adaptive capabilities of PLC-driven systems means that future alterations can be made to both the hardware and software when/if required to make adjustments as necessary.
[bookmark: _Toc164858039]Future directions and recommendations

Looking ahead, there is huge potential for further advancements in industrial sump system technology through continued research and innovation.  Future developments should focus on optimizing system performance and exploring advanced sensor technology for more accurate monitoring and control, which may further improve the efficiency and reliability of these systems.  Other tools such as Artificial Intelligence may be utilized in the future to provide further monitoring capabilities and suggestions for improvements based on values gathered over time in operation.
Finally, addressing cybersecurity concerns may become a priority in time with the introduction of monitoring/operation through remote access and data transmission, where the integrity and security of industrial operation will become paramount.  [9]
[bookmark: _Toc164858040]Relevant regulations and documents

Industrial Regulations
Health and Safety at Work Act 1974:-
The Health and Safety at Work Act (HASAWA) 1974 is the primary legislation concerning workplace health and safety in the UK.  The relevance of this legislation is its legal requirement for any workplace to implement and follow, and concerns the involvement of working with electrical equipment, machinery and hazardous substances.  It acts as an overarching ‘umbrella’ document for other workplace regulations within the UK, and employers are required to ensure the health and safety of their employees and contractors (and employees are also required to ensure the safety of themselves and their colleagues) during any installation, maintenance and operation activities whilst in the workplace. [10]
Control of Substances Hazardous to Health (COSHH) Regulations:-
The Control of Substances Hazardous to Health (COSHH) Regulations 2002 requires employers to control the exposure of any hazardous substance used/generated on site, including chemicals and effluent materials used in any industrial process.  Sump system installation/maintenance may involve the handling of chemicals and effluent materials, such as wastewater, and therefore will require risk assessments and appropriate control measures to protect workers’ health. [11]
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Electricity at Work Regulations 1989:-
The Electricity at Work Regulations 1989 ensure that employers and employees have the duties to carry out safe working practices on electrical systems and equipment in the workplace.  Upgrading the Arnallt sump system involves the modification of existing electrical equipment as well as the installation of additional equipment, therefore requires compliance with these regulations and work carried out by a competent person to prevent electrical hazards and ensure safe operation of the system. [12]
IET Wiring Regulations BS 7671:
The IET Wiring Regulations, also known as BS 7671 (Currently 18th Edition), sets out the requirement for any electrical installation in the UK.  Any electrical work carried out must follow these regulations (covered legally by the EAWR 1989) to ensure safe installation of electrical systems and equipment.  Upgrades to the Arnallt system will need to comply with these regulations in BS 7671 to ensure electrical safety and integrity. [13]
Tata Steel Electrical Safety Rules EIS5 and EIS7:
These specific rules apply only to Tata Steel sites and concern the on-site electrical safety rules for high (EIS5) and low (EIS7) voltages.  These rules include specific rules to follow regarding the various hazards on site and all personnel must be familiar with (through attendance of a mandatory course and tests) and follow them at all times whilst on site. [14] [15]
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Environmental Protection Act 1990:
The Environmental Protection Act 1990 gives provisions for controlling waste management and pollution in the UK.  This legislation puts a duty of care on businesses to manage and dispose of their waste correctly.  Sump system upgrades should be carried out in a manner that minimises the risk of pollution and complies with other waste management regulations. [16]
The Water Resources Act 1991:
This legislation regulates water management, discharge and pollution prevention in the UK.  Under the Water Resources Act 1991, companies were required to hold permits for disposing of wastewater in various manners.  If any water is disposed of through the sump system, then compliance with this act must be followed. [17]
Environmental Permitting Regulations (EPR):
The Environmental Permitting Regulations 2016 manage the environmental permitting process for actions with the potential of impacting the environment.  This includes wastewater disposal.  Pumping stations must comply with these regulations by obtaining and holding permits to ensure compliance with environmental standards, like the Water Resources Act 1991. [18]
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In conclusion, the transition from conventional float switch setups to PLC-driven systems represents a significant advancement in the modernization of industrial sump systems, as well as that of automated systems as a whole.  By overcoming the limitations, improving operational efficiency, and ensuring regulatory compliance, the use of PLC-driven systems have contributed to more simplistic monitoring and control of an array of plant, as well as helping to bring down energy usage and contributing to more sustainable industrial practices.  As industries continue to replace outdated system with this technology, prioritizing efficiency, reliability and environmental responsibilities, the adaptation of PLC-driven technology has and will continue to revolutionize industrial operations around the world.
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Before carrying out the required work, some research was required to determine the specific needs of upgrade.  Research was conducted on the current system, highlighting the current limitations and obsolescence of the current working order of the pumping station.
As the aims were to modernise the system whilst making it more efficient, it was evident that parts of the system would need to be completely replaced, as well as having additional equipment added for further monitoring capabilities.  The current state of the system was a conventional float switch system, used to switch the pumps on and off depending on water level.
[bookmark: _Toc164858045]SMART Objectives
The ‘SMART’ criteria was followed to determine the objectives of the upgrade, and these are as follows: -
Specific: To improve efficiency of the Arnallt sump system to aid water management within Tata Steel’s Main Pumphouse Clarification Plant.
Measurable: Reduce energy consumption within the Arnallt system by 15% during the first year of implementation.
Achievable:  Upgrade the sump system with modern PLC technology and remote monitoring capabilities within a 6-month timescale.
Relevant:  Ensure that the upgraded system aligns with Tata Steel’s sustainability goals.  Keep system standardised with other PLCs used within Energy.
Time-Bound:  Complete the installation of the PLC driven sump system and initiate remote monitoring by end of April 2024.
Justification
While automated, PLC-driven systems offer advanced control and monitoring capabilities over more conventional systems, there are instances where simple float switch setups may be preferred.  These situations typically involve systems with basic elements and minimal monitoring requirements, such as pumps for tunnel or basement upkeep, general wastewater movement across a site, and drainage systems.
If the system is self-sufficient and does not require any extensive control, the automation may not be justified, and float switches will suffice.  However, in our case, where control and monitoring capabilities were desirable for easier operation and ageing equipment meant upgrades were needed regardless, opting for an automated approach was justified and deemed the best course of action.  By including automation, we are able to increase operational efficiency whilst also future proofing the system against further challenges and obsolescence.
An observational approach was taken, due to the constant running of the system and the locality of it on site.  The current set up was investigated and the functionality determined by visual inspections of each pump and the general system.
Notes of each pump’s running state were taken, and it was determined that not all were running.  The float switches were checked, and it was determined that not all were functional, and some pumps weren’t being run due to these faulty switches.  Switches were provisionally replaced with new, and the scope of the project was then to be determined.
It was decided that further monitoring capabilities were required to bring the system up to modern standards, and this would include the addition of a PLC.  The PLC would be used to monitor and switch on/off the pumps as required, through communications via ultrasonic level sensors added to the pumping station.
The PLC would be added to the ‘I-Fix’ system on the work’s Wi-Fi network, which could then be monitored and viewed remotely on any works PC with access to this system.  This would be achieved by adding fibre-optic cables to the nearest operational fibre-optic panel.
List of Materials
A list of required materials was created in order to determine a cost of the project and make a request to make purchases from the department’s budget.
The list of materials is shown below, and this was entered into the work’s SAP database where the pricing can be approved by Energy Department’s senior management before any purchases can be made.
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Fig. 2 – List of materials
The above list contains the materials purchased for the installation portion of the project.  This list contains the equipment purchased, as well as the quantity of items purchased, the cost per item, total cost, and the URL link to where the item was purchased online.  RS is generally where most items for work-based projects are purchased due to having a contract with Tata Steel.

Consumables
Consumables are items required for the job but that are generally readily available on site.  These include items such as crimps, glands, cable identification tags etc.  and were used as and when required as part of the project.  These items are generally checked and replaced by the department’s dedicated stores ‘champion’ on a biweekly basis.
[bookmark: _Toc164858046]Timeline of plan

A Gantt chart was created at the beginning of the project (5th October 2023), highlighting longevity and deadlines for specific tasks.  Some of these tasks were dependent on other tasks being completed before they could commence, which is shown via the charts below.  The second image shows the chart up until the 8th February 2024, and contains various completed sections, started sections, section that have begun but are not yet complete, as well as a setback where sickness and therefore absence from work was concerned.  This placed a slight delay in the project, although that has since been caught up.  A final, completed Gantt chart is not included, purely down to it being complete to 100% (other than the Viva/Exhibition) and therefore would not add anything to this report by being included below.
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Fig. 3 – Original Gantt Chart from project start.
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Fig. 4 – Continued Gantt Chart from 8th February 2024.

PLC Programming
The PLC will be programmed to carry out several functions required by the system.
The system will need to be started and stopped locally and remotely, as well as contain an emergency stop and input signal from sensors for level/temperature etc.  These can be expanded on if/when required so the programme will contain some pieces of code for future expansion.
Routines and subroutines will serve as the building blocks and structure for the overall management of the PLC logic.  The implemented routine will represent specific sections of code dedicated to performing specific tasks, such as controlling pumps or monitoring level sensors.  Subroutines are blocks of code that can be called from within routines to perform common functions, to aid with code simplicity.  For example, the main routine in the Arnallt code will oversee the overall system control, while the subroutines will handle individual pump control or specific sensor monitoring.
Scaling blocks will also be used in the Arnallt project programme to convert raw analog input signals into usable units.  For example, sensors may give a 4-20mA signal, which will represent a range of real, usable values.  The scaling block ensures accurate data interpretation and reliable process control by mapping the sensor input value to a corresponding physical quantity (such as °C for measurement of temperature).
The conversion of this 4-20mA signal will allow for precise control and monitoring of the data and will allow input/output parameter ranges, offset, gain etc. to be defined depending on the required sensor data.
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[bookmark: _Toc164858048]Functional Requirements

- To monitor water levels in the sump and activate/deactivate pumps based on predefined thresholds.

- To control the operation of individual pumps to help maintain optimal water level and flow.

- To activate high-level alarms and trigger shutdown procedures in case of emergency conditions.

- To provide real-time status updates and diagnostic information for remote monitoring.

- To include a local HMI for simple local control of system manually on site.

- To integrate with existing pumps and contactors/isolators to ensure seamless integration.
[bookmark: _Toc164858049]Programme Structure

- Main control routine: The main control routine will be used to manage overall system operation, including pump activation/deactivation, alarm supervision and system diagnostics.

- Pump control routines:  Each pump to have their own individual routine, responsible for monitoring water levels and activating pumps as needed.

- Alarm handling routine: Monitors water levels and triggers alarm if predefined thresholds are exceeded.  Implement shutdown procedures in case of critical conditions.

- Communication interface: To provide communication with external systems for remote monitoring of pumps.
[bookmark: _Toc164858050]Programmable logic
The PLC program utilizes ladder logic programming to implement the required control in a sequence of operations.  Each routine is designed to respond to specific inputs, execute predefined actions and provide feedback through status indicators and alarm signals.  Conditional statements, timers and counters are used to ensure accurate control and timing of system operations.

[bookmark: _Toc164858051]Safety considerations

Safety features need to be integrated into the PLC program to prevent accidents and mitigate any risks associated with faulty pump operation.  Emergency stop functions, fault detection algorithms and fail-safe mechanisms can all be implemented to ensure safe operation and safe shutdown of the system in case of any emergency, abnormal circumstances, or major system malfunctions.
In this case, emergency stops will be implemented physically around the pumping station and remotely via the PLC.  Further shutdown procedures will be looked at in future when the opportunity arises.
[bookmark: _Toc164858052]Testing of the system

Prior to commissioning, the PLC programme will undergo testing and validation to ensure its functionality and reliability.  Simulation tools are available through the Studio5000 software, and these will be used to check performance of the system under various operating conditions and to prove that the programme runs as intended.  The testing stage will highlight any issues within the programme, which can then be altered and rectified prior to implementation.
[bookmark: _Toc164858053]Documentation and training

Once the upgraded system is in operation, existing documentation for the Arnallt, such as operation manuals, wiring diagrams, training and maintenance procedures will be updated to suit the new system.  Training sessions can then be held for operators to familiarise themselves with the new system and will ensure smooth operation of the system through competency of maintenance/operational personnel.

Design
The project was designed with the upgrade to the automation of the 6 pumps in mind.  The automation of the 2 larger pumps were put on hold until future due to budgeting limitations within the company.
To keep in uniform with other similar projects across site, regarding the use of specific equipment, considerations were made to how the design will be made and what requirements there are prior to any finalisation of design/purchasing/installation.
Within the Energy department at Tata Steel, all PLCs used are Allen Bradley, therefore this was chosen without much consideration for other alternatives, such as Siemens, Schneider, ABB etc.
Level sensors to be used are Vega Puls11, due to these being stores items and readily available in the work’s on-site stores.
A HMI (Human Machine Interface) was considered but not required.  This may be implemented in future but due to current budget constraints within the company, it was not feasible to include this feature at this moment in time.

[image: Image preview]
Fig. 5 – PLC cabinet dimensions.
The above schematic shows the PLC panel dimensions.  This size was used to keep in uniform with other panels of similar use, and as it will contain enough space to house what is required, with adequate room for installation, without being too large and taking up room on the wall where other pieces of equipment currently exist within the area.
The next image shows the Arnallt contactor room, where the installation is going.  The two small panels on the left hand side of the Fibreoptic panel will be moved to the left in order to make room to mount the PLC panel in that space.  The power to the PLC panel will then come from the 110v distribution board as seen in yellow on the image.
The isolators opposite the panels are the isolators for each individual pump, and the cables between these and the PLC panel will run vertically from the panel, into the underfloor duct (as seen on the image) and into the switchgear via bottom entry from the floor.
[image: ]
Fig. 6 – Inside the Arnallt contactor room
The next image depicts the proposed design for the PLC panel.  This panel was required to house the required components and the outgoing cables to the pumps.
The drawing was deviated from slightly during the installation phase, but it gives a general idea of what was required.
Some differences include the original design showing trunking mounted on the right-hand side.  This will be altered as it is not required due to the size of the trunking installed, the trunking is also uniform throughout the panel so the measurements have been altered from this design.
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Fig. 7 – PLC panel design
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Fig. 8 – Newly designed schematic diagram.
The schematic diagram displayed above shows the newly designed circuit schematic for the Arnallt pump control system.  Created by myself, this diagram has been integrated into Tata’s intranet drawing library, known as ‘Cab-i-net’.  Cab-i-net is a digital library based within Tata Steel’s intranet and serves as centralised storage for all electrical drawings relevant to site, which is then accessible to authorised personnel.
This drawing shows the circuit schematic diagram for the Arnallt pump controls and concerns the 6 smaller pumps currently in use.  The diagram consists of various critical components essential for operational safety.  An emergency stop is featured, for use to stop operations in urgent circumstances, as well as local start/stop buttons for operators use to control manual pump operation and a reset button to restore normal operation.
The diagram also incorporates an auto/manual selector through a contactor and a thermistor and overload are included to ensure for protection to the circuit from current overload or excess heat.
PLC Software
For the PLC logic design, Studio 5000 software was used.  Although other software is available, such as Siemens, Schneider, ABB etc., since an Allen Bradley PLC was used, due to it being the standard across the Energy department within Tata Steel, Studio 5000 is also commonly used for logic design with Allen Bradley PLCs and is, again, the standard for logic design with the Energy department.
[image: ]
Fig. 9 – Block Diagram of Project

[bookmark: _Toc164858054]Implementation:-
Implementing the design into the current set up involved the initial installation of the new PLC panel, Fibreoptic panel and cable installation from each of the pump’s isolators to the PLC panel, as well as the running of the fibreoptic cable to the nearest ‘in use’ panel.
The fibreoptic panel and internal patch box was installed identically to other panels in other substations/contactor rooms across the site, to keep uniform for easy of future alterations/maintenance etc. 
The PLC panel size was chosen based on a previously installed, similar sized system installed for remote monitoring of High-Voltage Switchgear in another substation on site.
Based on TATA’s rules on Asbestos and drilling holes/obtrusive work, the building required testing for presence of Asbestos before any cables could be run or Panels could be mounted.  Therefore, I liaised with the Energy Department’s Asbestos Co-ordinator, J. Griffin, to confirm that the building had been tested, and to request tests to be carried out if it had not.
J. Griffin confirmed that the building had had samples taken and tests carried out and showed me the correct documentation for this.  Once this was proven, I could undertake my installation work as required.
The panels were mounted on the wall opposite the isolators for each pump, using wall bolts, and cables were then run in underfloor ducting from each pumps isolator to the new panels on the opposite wall.
Once the cables were mounted to a small length of tray and glanded into the PLC panel (bottom entry to panel) then the design of the panel (as per drawing in design stage) could be replicated by installation of components.  
50mm finger trunking was installed vertically on the left-hand side of the panel, and horizontally with spacings determined by the design drawing.  This ensured adequate spacing between rows of cables for the PLC/MCB’s/terminal blocks etc.
35mm slotted ‘Top Hat’ DIN rail was then installed horizontally, between each row of finger trunking.  This would house the PLC/MCB’s/terminal blocks as mentioned above.
Components were then added to the DIN rail, such as the incoming tails’ MCBs, the Power Supply units, terminal rails, relays and the PLC.  The placement of these followed the drawing design carried out and were mounted accordingly.
1mm cable was used for the panel wiring, and this was taken from the 24v and 0v PSUs on the top ‘rung’ of the panel, to terminal blocks on the rung below.  A similar route was carried out for the PLC inputs, outputs and analogue signals, where 1mm cables was taken between the PLC cards on the top rung and the corresponding terminal blocks on the rung below.
ID tags were added to the control cables for identification and boot lace ferrules were crimped to the cable ends before being terminated.  This creates a more secure and solid electrical connection between the cable and the terminal block and prevents damage to the copper cores or splaying of the cores during installation, as opposed to using bare stripped back cables.



[bookmark: _Toc164858055]PLC Network set up & Coding

The PLC was first set up in our workshop and connected to the network using local ethernet connection, allowing for quick and easy setup without being out on site.  The below images show various stages of the setting up of the PLC unit.
[image: ]
[bookmark: _Toc164184123][bookmark: _Toc164346510]Fig. 10 – PLC unit plugged in prior to set up & testing.
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[bookmark: _Toc164184124][bookmark: _Toc164346511]Fig. 11 – PLC unit connected to laptop during set up stage.
Once the PLC unit was powered up and connected locally to the specific works laptop used for various programming/automation practices, the next step was to flash the required firmware to the device using the Control Flash Plus software by Rockwell Automation.
[image: ]
Fig. 12 – ‘ControlFLASH Plus’ software.
[image: ]
Fig. 13 – ‘ControlFLASH Plus’ in use.
[image: ]
Fig. 14 – Flashing firmware to PLC.
[image: ]
Fig. 15 – Flashing firmware to PLC.
Once the firmware flash is complete and the PLC is connected to the laptop and software, the programme can be written in Studio5000.
The below images will show the main routines and subroutines of the programme, as explained in Chapter 3, as well as the basic code implemented for monitoring and control of Pump 1.  The following pumps codes can be found in the Appendices section at the end of this document.
The first image below shows the main routine of the PLC logic, which contains the ‘Jump to Sub Routine’ instructions for motor outputs, control logic, signal scaling and manual control of the system.

[image: A screenshot of a computer

Description automatically generated]Fig. 16 – Pump main routine


The next two images show the Scaling blocks inserted for various measurements to be carried out.  Each motor’s current can be displayed, along with the level, temperature and humidity, conductivity, and pH level of the water (once sensors are implemented for each).  Again, this is an expansion possibility and not all this data is measurable currently.
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Fig. 17 – Scaling Blocks
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Fig. 18 – Scaling Blocks 2

The next few images show more of the relevant code, where start/stop and auto/manual are concerned.  High and low level are also on these screenshots and a timer included in the High-level rung of the logic.
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Fig. 19 – Motor start
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Fig. 20 – Motor start & low level

[image: ]
Fig. 21 – High level
There is more that could be added to the code to make it more complicated and contain more features.  However, for this project, much else was not required and the code was to be kept as simple as possible.  Expansion potential has been added in the form of scaling blocks, but any additional code is either not shown in this document or was not added as it was deemed unnecessary for the time being.
[bookmark: _Toc164858056]Contactor Room Hardware Installation
At the Arnallt Contactor room, the design was implemented and relevant components installed.  The below steps show step by step process of the installation of the PLC panel to control the pumps.
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Fig. 22 – PLC and Fibre panels mounted, and cable tray fitted below.
Panels mounted on opposite wall to isolators for pumps.  Cable tray added beneath PLC panel and patch box installed including fibreoptic cable to fibreoptic panel on right hand side of the above image.

[image: ]
Fig. 23 – Cables run into PLC panel.
The above image shows the cables from each individual pump run into the PLC panel and outer insulation bared back from cables.  These are run down the mounted cable try and into underfloor ducting.  Each cable is routed into its corresponding isolator on the opposite side of the contactor room.

[image: ]
Fig. 24 – MCBs, PSUs and PLC added and wired in PLC panel.
Finger trunking and DIN rail was fitted inside the panel and the components could begin to be installed.
Power was brought into the panel via the 110v Distribution Board adjacent to the PLC panel.  Cable was routed via the underfloor ducting, mounted to cable tray and glanded into the panel.
MCB’s were fitted to house the incoming power supply, then two Power Supply Units were fitted to supply the 24V power to the PLC.
The PLC unit was fitted on the right-hand side of this rail.
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Fig. 25 – PLC unit prior to any cable connections.
PLC unit mounted and cards shown prior to any cable connections made.
The next step is to terminate 1mm cable to the required ports on the PLC unit.  These cables can be run in neatly and the finger trunking installed between the rungs of the panel ensures that cables are contained behind trunking lids and do not become messy within the panel.

[image: ]
Fig. 26 – PLC inputs and outputs wired to terminal blocks.
1mm cable installed from the 24V and 0V on top rail to the two left terminal blocks, which are the 24v and 0v blocks as per design drawing.
PLC unit input and output connections from the PLC unit down to the terminal blocks on the second rail.
An ethernet cable was run between the fibreoptic panel and the PLC unit to allow the info from the PLC to communicate to the remote PC’s via fibreoptic cable.

Fibreoptic supply was taken from an existing panel connected to the works network, to the Arnallt contactor room via a fibreoptic cable in the ground, and this was then connected (temporarily for testing) via the existing panel’s patch box, shown below.
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Fig. 27 – Existing Fibreoptic panel connections for testing.
Once connected, this line could be tested via a dedicated laser pointer.  The laser is sent down the cable and proves that the fibre chosen is in good condition.  If the chosen fibre is damaged, then the laser will not travel completely to the other end of the cable.  This is a crucial test in fibreoptic installations to prove each supply before attempting to switch on. The test carried out are shown in the next section.
[bookmark: _Toc164858057]Fibreoptic tests

Once the fibreoptic cable was installed and the patch box connected, the line had to be tested using a laser pointer.
The image below shows the laser pointer connected to the outgoing supplies from the existing fibreoptic panel, to the new fibreoptic panel in the Arnallt contactor room, connected via Fibreoptic cable installed underground.
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Fig. 28 – Fibreoptic laser test being carried out.

Ports 1 & 4 did not work as intended, therefore ports 5 & 6 were tested and proven to be working correctly (shown in the two images below) and used for the fibreoptic connection back to the nearest fibreoptic panel that connects to the site’s Wi-Fi network.
[image: ]
Fig. 29 – Laser test to port 5

[image: ]
Fig. 30 – Laser test to port 6
[bookmark: _Toc164858058]Management of Change

Before the upgrade can be commissioned and implemented fully, Tata Steel adheres to a protocol, requiring any system upgrade or replacement of plant or equipment that is not a ‘like for like’ replacement, to undergo a ‘Management of Change’ operation.  This procedure ensures detailed examination and documentation of the modifications/upgrades introduced to the existing system and outlines any discrepancies between the original and the upgraded systems.
Therefore, for this project, a Management of Change (MoC) process was carried out to highlight and document the changes made to the existing system and the difference it, compared to the newly upgraded system.  The MoC is also used to pass information to other relevant personnel who may be associated with the plant, giving transparency and accountability, to allow them to audit and make recommendations before implementation and to mitigate any risk associated with the upgraded plant.
The Management of Change process serves as a tool to document any modifications or upgrades made to the works database, and therefore keep a log on what has been altered, along with the details such as parameters changed or manufacturer’s used for specific parts etc.  This process plays a crucial role in mitigating risk and potential hazards associated with upgrading plant.





















[bookmark: _Toc164858059]Chapter 5 – Evaluation
To evaluate, there have been several points to consider when looking at how the project has gone and how it could be improved if it was to be carried out again in the future.
The introduction of a PLC-driven system has improved control and monitoring capabilities and therefore the operation of the plant has become easier and smoother overall.
By having these capabilities remotely, there is less need to travel to the Arnallt to see what is going on, and instead, levels and pump status can be viewed in the Main Pumphouse control room.  This frees up time for operators who would otherwise need to do more visual checks on the system, as they can view live data and status of the system.
Also, while there has been an initial investment and these costs became more than normal running of the float switch set up, the return on lower maintenance, efficiency and higher reliability, with the capabilities of remote monitoring and control, this outlay becomes more worthwhile in the long run.  The investment should lead to long-term return through the above savings, and therefore the project has been worthwhile carrying out.
Savings in cost and efficiency (other than cost through labour) has not yet been evaluated or calculated.  This is due to setbacks that meant the system was implemented far later than originally planned.  Now that the system is in place, efficiency savings will begin to be seen, but this will take some time to develop be disclosed. 
If the project was to be repeated, or similar work was to be carried out on another part of site, then there would be some considerations to make prior to starting, which have been shown from this project being carried out.  If repeated, a plan of work would be carried out more in-depth, with more specific information on each specific task and a more detailed scope of work.  Setbacks due to sickness and current ongoing budget limitations may have been able to have had less of an impact if the planning stage was better laid out, and in future, contingencies could be something to possibly implement to aid with these potential setbacks.
Considerations would be made to not only the plan, but the design stage also.  The design stage was rather vague in parts, which meant that when the time to implement came, alterations were made to suit specific areas or circumstances, where the design should have picked up on.  For example, the altering of the PLC panel lay out.  If more in-depth planning and design had been carried out, then the panel build would have followed it more closely due to the correct design in the first place.  In this instance, the lack of in-depth design meant that during installation, it was found that there was an easier way to install and had better aesthetics as well as being less time consuming to install and more functional as a result.  This should have been designed this way to begin with, so designing the build and components would be something to consider if the project was to be repeated.
Considerations could also be made to the size of the project.  There were many aspects that were considered when the project was first proposed, however due to timing/budgeting constraints, some things have been left for future expansion.  The project could therefore be seen as unfinished to an extent, and if repeated, it would be more beneficial and better overall to have a slightly smaller scope of work but to have had it more accomplishable and have a more rounded, finished off project at the end.
Overall, the project has been a success, but a learning curve has been achieved.  Going forward, I believe these considerations would make for a better project overall in future.















[bookmark: _Toc164858060]Chapter 6 – Conclusions and Recommendations
To conclude, although still in the early stages of implementation, the Arnallt upgrade system has so far been successful overall.  The introduction of a PLC-driven system represents another significant step forward in modernising the infrastructure within Tata Steel’s Port Talbot site, which is generally outdated and in desperate need of renewal.  By replacing the basic and outdated float switches to the new, automated technology, the site has gained further enhanced control of an important system which had very little previously, and this aligns well with Tata’s ongoing drive for decarbonisation and reduction in energy usage across their UK sites, whilst also ensuring compliance with current regulatory requirements.
Having the pumps automated through use of a PLC-driven system has ensured lower stress on the pumps themselves and less overall switching on/off of the pumps, and therefore less wear and tear.  This has been achieved due to the addition of level sensors meaning that the pumps are not switched on and off continuously depending on the water level remaining at the threshold level for some pumps to be activated, and a larger tolerance with live monitoring of the water levels means that pumps are now switched on only when required, and are switched off for a significant period once the water level has dropped sufficiently to a point where that specific pump will not need to run again for some time.
The project wasn’t completed entirely without any setbacks.  During the early stages of the installation, I was on sick leave for around 12 weeks due to an injury sustained leading to a broken bone, and the project was therefore put on hold during that time.  In the new year of 2024, which was when the project needed to be caught up to speed, Tata Steel UK announced its closure of the Heavy End at Port Talbot, as part of its decarbonisation project, with the possibility of close to 3,000 job losses.  This created another, ongoing setback due to budget limitations that have since been brought in and other areas of work taking priority over the Arnallt project – Decommissioning etc.  This is still an issue currently, but any free time is being used to monitor the current workings of the Arnallt sump system and data is being gathered when possible to determine the true effects of the upgrades that have been implemented.
The successful implementation of this project (and the further work that will continue as part of this implementation) underlines the importance of embracing technological advancements to meet the ever evolving needs of industrial operations.  Continued investment in various systems across site such as the Arnallt will be essential for maintaining competitiveness in the industry in future, as well as complying with various stringent regulations.
[bookmark: _Toc164858061]Suggestions for further work
Further work required to the project will see the introduction of a HMI (Human Machine Interface) installed locally at the pumping station, which will include manual control of the system when required.  Start/Stop buttons and various control to individual pumps within the system will be added and live water levels will be shown on the interface.
Since the project currently only covers the automation of the 6 smaller pumps within the system, the next stage of the project will be to add the 2 larger pumps to the PLC programme and automate those too.  This will ensure the entire system is added to the PLC interface and the whole system is then monitored.  Once budgets become available for the project once again, this will be the next step to be implemented.
The final stage of the project, going forward, will be the replacement of the pumps in the water.  The pipework has been inspected and is in good condition, however due to the upgrades that have so far been completed, the pumps themselves are what remain of the older system and currently holds back the complete modernisation and efficiency of the system.  The replacement of pumps for newer, more efficient equivalents, where our aims will be to replace a pump, one at a time, until all 8 are replaced for new, will see further improvements to energy usage reduction and smoother operation of the system.  Together, these upgrades should extend the life of the pumping station considerably and will ensure the effective running of the system for years to come.









[bookmark: _Toc164858062]Chapter 7 – Reflection
Upon reflection, during the process of completing this project it was evident that there was an element of learning involved, as this is not something that my everyday work generally involves.  Being part of the High Voltage Department at Tata Steel, with little automation processes to complete or upgrade, I reached out to our PC&A (Process Control & Automation) department to find a project that was required to be carried out.
PLC’s is not something I have a great deal of experience in, so this was an opportunity to learn more about automation in general and gain some experience in installing a system that was new to me.
I have learned a lot about the various types of PLC’s available and their wide uses and benefits across industrial operations.  The physical building/wiring of the panel was also a great learning opportunity as I was given the project to carry on with and have had to carry out a great deal of research and self-learning to determine the best course of action for installing and wiring the panel in the best manner, whilst keeping the required standard of work and uniformed set up carried out within the department.
As a craftsperson within Tata Steel, I am generally given work to complete during my working hours, and aren’t generally involved with much of the planning process of isolations/shutdown etc.  This project gave me the opportunity to attend meetings, liaise with colleagues I otherwise wouldn’t have much contact with (Pumphouse operators, control room operators, planners etc.) and build and develop a relationship with new people in the workplace.  Time management was something I feel I have also gained more experience with during the project, as I had to manage carrying out the work around my usual day to day work activities and plan ahead at what the next steps were at several points during the process.
There were a few setbacks along the way, as is mentioned in this report.  Having some time off work with injury, and being given less time to carry out the project work due to ongoing work commitments/budget limitations etc. meant that the project did begin to fall behind the proposed plan at some points, and it took some effort to get this back on track.
Overall, I am quite pleased with how the project has been carried out, and the entire process of carrying out the work whilst learning/developing my skills during the course of the project.
To finish, carrying out this project has helped me become more aware of the planning of various work activities on site and has helped me learn to plan and put in place contingencies for any setbacks in future work.  If I was to repeat a similar type of project, I would alter very little, but would feel more confident in another project of a similar size, and would feel more comfortable during the planning and installation stages.
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Arnallt - List of Consumables

Item

19 core 1.5mm SWA Cable (100m)

‘Wall box - (1m x 0.8m x 0.4m) (ip66 minimum) with backplate

100m armoured CAT 5

Tray Cable Medium Duty 300mm x 3m Hot Dipped Galvanised

110v coil Finder relays

24v coil Finder Relays

4A double pole MCB

2 A double pole MCB

MCB linking bars for the above items
Disconnect terminal blocks

24v PSU (90-264v ac input) 10A output
Din rail isolator switch

earth terminals din rail

end stops din rail

Panel Trunking 2m length x 50mm x 50mm
Din rail End caps

20mm stuffing glands

Panel wire black 0.5 mm 100m

Panel wire red 0.5mm 100m

Bootlace ferrule kit rs stock - 228-0321

RS PRO 200mA F Glass Cartridge Fuse, 5 x 20mm
Digital ammeter with 4-20 ma output

Qty

1
1

1
2
12
6
2
2
1

100
2

1
20
20
4
20

5
1
1
2
3
6

Price Ea Total Price URL

£1,232.26
£419.09
£347.14
£42.24
£24.47
£6.61
£32.04
£30.00
£31.69
£0.80
£60.84
£174.05
£1.13
£7.45
£14.48
£0.24
£4.96
£22.60
£23.39
£41.02
£0.31
£108.68

Total Cost

£1,232.26 RVFV19G15 | CAE Groupe 19 Core
£419.09 1SL0204A00 1SL0204A00 | ABB 1S
£347.14 9854CB3 SLO33 | Alpha Wire Cat5 E
£84.48 RS PRO Self-coupling Light Duty Tr.
£293.64 48.61.8.110.0060SPA | Finder 48 Se
£39.66 40.52.7.024.0000 | Finder PCB Mou
£64.08 A9F54104 | Schneider Electric Acti €
£60.00 A9F54106 | Schneider Electric Acti €
£31.69 A9XPH124 | Schneider Electric Acti
£80.00 RS PRO Disconnect Terminal Block
£121.68 DRL-24V240W1EN | Delta Electroni
£174.05 https://uk.rs-online.com/web/p/isolat:
£22.60 RS PRO 2-Way DIN Rail Earth Block
£149.00 1061200000 | Weidmuller W Series
£57.92 RS PRO Grey Slotted Panel Trunkir
£4.80 RS PRO End Plate for Use with CDL
£24.80 RS PRO Black Nylon Cable Gland,
£22.60 RS PRO Black 0.5 mm2 Hook Up Wi
£23.39 RS PRO Red 0.5 mm? Hook Up Wire
£82.04 RS PRO French Colour Coded Boot
£0.93 RS PRO 200mA F Glass Cartridge F
£652.08 APM-M1-APO | Trumeter LCD Digite

£3,987.93
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# Activity Assigned to Status % Done

1 Project Plan | Corey Taylor

2 Project Proposal | Corey Taylor | 05-Oct-23

3 | Project Specification |Corey Taylor | 10-Oct-23 - .

4 Installation | Corey Taylor | 21-Oct-23 .

5 PLC Programming | Corey Taylor | 25-Nov-23 .

6 Interim Viva | Corey Taylor | 01-Jan-24 .

7 Function Tests |Corey Taylor | 18-Jan-24 .

8 Final Report |Corey Taylor | 01-Jan-24 - .

9 Commissioning | Corey Taylor | 29-Apr-24

10 Final Viva |Corey Taylor | 20-Mar-24

11 Exhibition/Poster | Corey Taylor | 30-Mar-24 .
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