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Abstract  
This project presents the design, installation, and commissioning of a fixed intrinsically 
safe sulphur dioxide (SO₂) detection and alarm monitoring system within the activation-
kiln process areas at Vale Clydach Nickel Refinery. Prior to implementation, the 
activation-kiln area had no fixed SO₂ detection infrastructure, with monitoring relying 
solely on portable gas detectors carried by personnel. This approach was inherently 
reactive, as gas leaks could only be identified when personnel were present, and near-
miss incidents had occurred involving uncontrolled exposure to SO₂. 

To address these limitations, five electrochemical SO₂ transmitters were installed 
across the Kiln 1 and Kiln 2 activation areas. Each detector was connected via a two-
wire 4–20 mA intrinsically safe loop to the existing Foxboro I/A Distributed Control 
System (DCS), enabling continuous remote monitoring from the control room. The 
system incorporates a two-tier alarm strategy, with local sounder and beacon 
activation at 1 ppm and initiation of the plant evacuation alarm at 2 ppm. A dedicated 
HMI interface was developed to provide operators with live gas concentration readings, 
alarm indication, trend monitoring, and system status information. 

Commissioning was completed through signal injection testing and SO₂ bump-gas 
verification, confirming correct signal scaling, alarm functionality, and overall system 
performance. Due to operational constraints, evacuation alarm testing was undertaken 
under controlled conditions during reduced site occupancy. The completed system 
significantly improves plant safety by providing continuous monitoring, reducing 
reliance on personnel-based detection, and enabling historical trend analysis of gas 
concentrations. 
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1 Introduction   
1.1 Background and Context 
Vale Clydach Nickel Refinery, established in 1902 by Ludwig Mond, remains the world's 
only facility operating the Mond carbonyl process to refine nickel to a purity of 99.9% 
[1]. The process involves the controlled reaction of impure nickel with carbon monoxide 
to produce nickel tetracarbonyl, Ni(CO)₄, which is subsequently thermally decomposed 
to deposit refined nickel. A critical stage within this cycle is the activation kiln, where 
sulphur dioxide (SO₂) is intentionally introduced to enhance nickel surface reactivity 
prior to carbonyl formation [1]. Whilst chemically essential to the process, this stage 
generates a persistent and significant occupational health hazard for personnel 
working within the activation kiln area. 

Sulphur dioxide is a colourless, corrosive, and acutely toxic gas with a vapour density of 
approximately 2.26 relative to air, meaning it is heavier than air and will accumulate at 
low levels within an enclosed or semi-enclosed industrial environment [2]. In the United 
Kingdom, SO₂ is subject to a Workplace Exposure Limit (WEL) of 0.5 ppm as an eight-
hour time-weighted average (TWA) and 1 ppm as a fifteen-minute short-term exposure 
limit (STEL), as defined under EH40/2005 [3]. These are among the most stringent 
occupational exposure thresholds in British industrial legislation, reflecting the acute 
respiratory and systemic harm that even brief exposure can cause at concentrations 
above the WEL. 

The refinery operates as a lower-tier establishment under the Control of Major Accident 
Hazards Regulations 2015 (COMAH) [4], which impose a statutory duty on the operator 
to prevent major accident scenarios involving scheduled dangerous substances, 
including SO₂. The Control of Substances Hazardous to Health Regulations 2002 
(COSHH) [5] additionally require the employer to assess exposure risks, implement 
adequate controls, and monitor personnel exposure to hazardous substances. The 
activation-kiln area carries a Zone 2 hazardous area classification under IEC 60079-10-
1, arising from the presence of nickel carbonyl and associated process gases, and all 
electrical equipment installed within the zone must comply with the Dangerous 
Substances and Explosive Atmospheres Regulations 2002 (DSEAR) [6] and be selected 
and installed in accordance with IEC 60079-14 [7]. 

Despite the regulatory framework and known hazards associated with SO₂, monitoring 
within the activation kiln area has historically relied on portable gas detectors carried 
by personnel. This approach is inherently reactive, as gas leaks are only detected when 
individuals are present, and provides no continuous monitoring or historical record of 
gas concentrations. As a result, there is limited visibility of developing hazards and 
potential exposure risks within the area. 

This project was therefore proposed and approved as a safety critical project to address 
these limitations through the design and implementation of a permanently installed 
fixed SO₂ detection and alarm monitoring system within the activation-kiln area. The 
system provides continuous monitoring of high-risk locations, real-time alarm 
indication, and integration with the existing plant control system, enabling operators to 
monitor conditions from a safe environment. 
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1.2 Problem Statement 
At the time this project was initiated, the activation-kiln area at the refinery had no fixed 
SO₂ detection infrastructure. Area monitoring relied entirely on portable gas detectors 
carried by individual operatives during routine work activities in and around the kiln. 
This arrangement introduced several critical safety limitations. 

Firstly, the detection methodology was entirely reactive. A gas release could only be 
identified once personnel had already entered the affected area, either through 
activation of their portable detector or, in some cases, by the smell of SO₂ at 
concentrations high enough to be perceptible. At this stage, exposure had already 
occurred. Near miss incidents had been recorded where personnel entered the 
activation-kiln area without a detector, resulting in uncontrolled and unquantified 
exposure. In addition, the absence of fixed monitoring meant there was no way to 
determine how long a release had been present or what concentrations had been 
reached, preventing any meaningful assessment of exposure levels. This absence of 
monitoring capability represents a failure to adequately assess and control exposure 
risks as required under COSHH Regulation 10 [5]. 

Secondly, the reliability of portable detection as a primary safety control is limited. 
Portable devices are susceptible to battery depletion, calibration drift, and human 
factors such as failure to carry, activate, or maintain the device correctly [8], [9]. In an 
environment where SO₂ is routinely present as part of normal operations, reliance on 
personnel-based detection places significant dependence on individual behaviour as 
the primary safeguard. 

Finally, the existing approach provided no continuous monitoring or centralised data 
logging capability. This limited the ability to identify trends, recurring leaks, or 
developing hazards over time, and introduced an ongoing maintenance burden 
associated with managing multiple portable devices. 

Together these factors represented a clear gap in the refinery’s safety provision and 
highlighted the need for a fixed SO₂ detection system capable of continuous 
monitoring, automated alarm response, and integration with the existing plant control 
infrastructure. 

1.3  Project Aim 
The aim of this project is to design, install, test, and commission a fixed intrinsically 
safe SO₂ detection and alarm monitoring system within the activation kiln process 
areas at Vale Clydach Nickel Refinery, integrated with the existing Foxboro I/A Series 
Distributed Control System to provide continuous gas monitoring, automated alarm 
response, and evaluation of system performance.  
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1.4 Objectives 

To achieve this aim, the following objectives were defined: 

1. To analyse the limitations of portable gas detection within the activation-kiln 
area and identify associated safety risks.  

2. To design a fixed intrinsically safe SO₂ detection system suitable for operation 
within a Zone 2 hazardous environment.  

3. To develop and verify intrinsically safe 4–20 mA detection loops, including entity 
parameter verification and supporting documentation.  

4. To integrate the detection system with the existing Foxboro I/A Distributed 
Control System (DCS) for continuous monitoring and alarm handling.  

5. To develop a Human Machine Interface (HMI) for real-time gas concentration 
display, alarm indication, and trend monitoring.  

6. To install, test, and commission the system, including signal simulation, gas 
response verification, and alarm validation.  

7. To evaluate system performance against the previous portable detection 
approach, assessing improvements in safety, reliability, and monitoring 
capability. 

1.5 Project Scope 

This project encompasses the full engineering lifecycle of a fixed SO₂ detection system 
across both activation kiln areas at the refinery. The scope includes the design, 
procurement, installation, testing, and commissioning of five detection points 
distributed across Kiln 1 and Kiln 2, with detector positioning informed by process 
knowledge and the physical behaviour of SO₂ as a dense gas. 

The system consists of intrinsically safe, loop-powered 4–20 mA detection circuits 
integrated into the existing Foxboro I/A Distributed Control System (DCS), enabling 
continuous monitoring, alarm handling, and operator interaction via the plant HMI. The 
scope also includes the development of control system logic, alarm configuration, and 
the integration of the detection system with the plant’s existing evacuation alarm 
infrastructure. 

This project covers all aspects of system delivery from initial design through to 
commissioning and handover. However, it does not include modification of the core 
process systems, expansion beyond the defined activation kiln areas, or long-term 
operational performance monitoring beyond initial commissioning and validation. 
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1.6 Structure of the Report 
This report is structured as follows: 

• Chapter 2 presents the literature review, covering SO₂ hazards, hazardous-area 
classification, gas detection technologies, intrinsically safe barrier selection, 
and DCS integration.  

• Chapter 3 outlines the design methodology, including the design process, 
applicable standards, and commissioning approach.  

• Chapter 4 presents the system design and implementation, including equipment 
selection, intrinsically safe loop design, DCS configuration, HMI development, 
installation, and project costing.  

• Chapter 5 documents the principal engineering deliverables produced during 
the project, including drawings, compliance records, and commissioning 
documentation.  

• Chapter 6 presents commissioning results and system performance evaluation, 
including signal injection testing, bump-gas verification, alarm validation, and 
discussion of project outcomes.  

• Chapter 7 presents project conclusions and recommendations for future system 
development.  

• Chapter 8 provides a reflection on the technical and professional competencies 
developed throughout the project. 
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2 Literature Review 
This chapter reviews the standards, technologies, and engineering considerations that 
informed the system design.  

2.1  Sulphur Dioxide as an Industrial Hazard  
Sulphur dioxide is a toxic and corrosive gas with a UK Workplace Exposure Limit of 0.5 
ppm TWA and 1 ppm STEL under EH40/2005 [3]. The distinction between TWA and STEL 
is significant for system design, as TWA represents the average exposure over an eight-
hour working period, whereas STEL defines the maximum permissible short-term 
exposure over a fifteen-minute interval. This places particular importance on rapid 
detection and alarm response to prevent acute exposure events. Exposure above these 
limits causes respiratory irritation, bronchoconstriction, and, at higher concentrations, 
serious harm to personnel [2]. 

COSHH [5], COMAH [4], and DSEAR [6] collectively require the assessment, control, 
and monitoring of hazardous gas exposure within industrial environments. Within the 
activation-kiln area, these regulations directly influenced the selection of hazardous-
area protection methods and support the implementation of fixed SO₂ detection as an 
engineered safety control. 

The activation-kiln area at Vale Clydach presents a particular challenge in this regard. 
SO₂ is introduced deliberately as part of the Mond carbonyl process [1], meaning its 
presence is a routine operational condition rather than an incidental hazard. This 
places greater emphasis on continuous and reliable detection at the point of use rather 
than periodic or personnel-dependent monitoring. 

2.2 Hazardous Area Classification and Protection Method Selection 

The activation-kiln area at Vale Clydach carries a Zone 2 hazardous area classification, 
as shown in Figure 2.1. Under IEC 60079-10-1, Zone 2 is defined as an area in which an 
explosive atmosphere is not likely to occur in normal operation but, if it does occur, will 
persist for only a short period [7]. This classification arises from the presence of nickel 
carbonyl and associated process gases within the kiln area during normal operations. 



P a g e  15 | 142 

 

 
Figure 2.1: Activation kiln hazardous area classification drawing showing Zone 2 designation (Vale Ltd). 

This classification directly determines the selection of suitable protection methods for 
all electrical and instrumentation equipment installed within the area. Under the 
requirements of DSEAR [6] and IEC 60079-14 [7], equipment must be selected in 
accordance with the appropriate Equipment Protection Level and installed in 
compliance with the relevant construction and installation standards. Several 
explosion protection methods were evaluated for suitability within this application. 
Table 2.1 summarises the principal protection concepts applicable to Zone 2 
instrumentation and the rationale for the final selection. 
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Table 2.1: Comparison of explosion protection methods considered for Zone 2 instrumentation. 

 

 

Intrinsic safety (Ex ia) was selected for the field instrumentation as it provides a high 
level of protection and is well suited to low-power 4–20 mA instrumentation loops [10]. 
It also supports live maintenance of field circuits without requiring gas-clear permits, 
improving maintainability and reducing operational downtime compared with 
alternative protection methods.  

 

2.3 Fixed Versus Portable Gas Detection  
Both fixed and portable gas detection approaches were evaluated for this application. 
Research indicates that fixed detection systems provide continuous, area-wide 
monitoring independent of personnel presence, enable automated alarm outputs, and 
generate a continuous data record suitable for regulatory compliance and trend 
analysis [8], [9]. In contrast, portable detectors, whilst providing personal protection for 
individual workers, are inherently reactive and only alarm once the wearer has entered 
a contaminated atmosphere, offering no advance warning of a release in an 
unoccupied area [8]. 

Literature identifies fixed gas detection as more suitable for continuous area monitoring 
due to reduced dependence on operator behaviour and improved integration with 
alarm and logging systems [8], [9]. Whilst portable detectors remain essential for 
personal protection, they do not provide automatic area monitoring or alarm response 
in unoccupied locations [18]. Table 2.2 provides a comparison of both approaches 
across the most relevant operational criteria. 
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Table 2.2: Comparative evaluation of fixed and portable gas detection approaches. 

 

 

2.4 Sensor Technology and Detector Selection 
Electrochemical sensors are widely recognised as the most suitable technology for 
sub-ppm toxic gas detection in industrial safety applications, offering high sensitivity, 
linear output, ambient temperature operation, and low power consumption [13]. These 
characteristics make electrochemical sensing directly compatible with the 4–20 mA 
loop-powered intrinsically safe (IS) circuit adopted in this project. 

Alternative technologies including metal oxide semiconductor and infrared sensing 
were evaluated but rejected due to intrinsic safety limitations and insufficient low-level 
sensitivity for sub-ppm SO₂ detection [13]. Electrochemical sensing therefore provided 
the most suitable balance of sensitivity, power consumption, and compatibility with the 
proposed intrinsically safe 4–20 mA loop design. 

Four fixed electrochemical detector products were evaluated during the selection 
process. The comparative specification review is presented in Figure 2.2. 
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Figure 2.2: Comparative specification overview of fixed electrochemical SO₂ detectors evaluated during 

selection [17]. 

The Crowcon Xgard Type 1 was selected based on several key factors. The device is a 
two-wire, loop-powered transmitter, eliminating the requirement for a separate power 
supply cable to each detector and significantly reducing installation complexity and 
associated cable costs. In addition, Vale Clydach maintains an existing service and 
calibration contract with Crowcon for hydrogen detection systems already installed on 
site. This established service relationship, along with existing calibration equipment, 
spare parts availability, and engineer familiarity, made the selection of Crowcon a low-
risk and operationally efficient extension of current site practice. 

Following consultation with the manufacturer, it was confirmed that the Xgard Type 1, 
fitted with the appropriate SO₂ electrochemical sensor cartridge, provides validated 
performance across the required 0–10 ppm detection range and carries the necessary 
ATEX and IECEx certification for installation within the Zone 2 hazardous area [12]. 

The Crowcon XgardIQ model, initially proposed during procurement, was evaluated but 
ultimately rejected. The device requires a three-wire configuration, which is 
incompatible with the loop-powered intrinsically safe architecture adopted in this 
design. Furthermore, the manufacturer confirmed that it's SO₂ sensing capability was 
not optimised for sub-ppm detection, making it unsuitable for compliance with the 
exposure limits defined for this application. 

  



P a g e  19 | 142 

 

2.5 Intrinsically Safe Barrier Selection 

The selection of an appropriate intrinsically safe (IS) barrier is critical to maintaining 
intrinsic safety integrity across the complete detection loop. Two barrier types were 
evaluated during the design process: passive Zener barriers and active galvanic 
isolators. 

Zener barriers were rejected due to their dependence on a high-integrity safety earth 
connection [10]. Galvanic isolators provide full electrical separation between 
hazardous and safe area circuits, offering improved fault tolerance for safety-critical 
instrumentation applications. 

The Pepperl+Fuchs KFD0-CS-Ex1.50P was selected following a review of available 
galvanic isolator products. Its loop-powered operation eliminated the requirement for 
an additional 24 V DC supply, reducing panel complexity and installation requirements 
while remaining compatible with the proposed intrinsically safe 4–20 mA loop design. 

The KFD0-CS-Ex1.50P carries IECEx certification (IECEx BAS 05.0004X Issue 6) [14], 
confirming its suitability for use within the proposed intrinsically safe system. Full entity 
parameter verification, demonstrating compliance with IEC 60079-11 [10], is presented 
in Chapter 4. 

2.6 Distributed Control System Selection 
Research indicates that integrating gas detection instrumentation within an existing 
plant Distributed Control System provides significant advantages over the use of 
standalone gas detection controllers in process safety applications [15]. DCS 
integration enables alarm management, historical data logging, and operator interface 
functions to be consolidated within a single platform, reducing fragmentation of safety-
critical information and providing control room operators with a unified view of both 
process and safety conditions [15], [16]. Where a DCS is already established as the 
primary site control system, integration with that platform is the preferred approach, 
allowing the project to leverage existing operator familiarity, maintenance competency, 
and support infrastructure [15]. Where a DCS is already established as the primary site 
control system, integration with that platform avoids the introduction of additional 
standalone systems requiring separate training, configuration, and lifecycle 
management [15]. This also allows existing operator familiarity, maintenance 
competency, and plant infrastructure to be retained. 

On this basis, integration with the existing Foxboro I/A Series DCS was identified as the 
most appropriate control architecture for this project. Integration with the existing 
Foxboro I/A Series DCS ensured compatibility with existing plant infrastructure while 
supporting alarm management, evacuation system integration, historical trending, and 
unified operator monitoring. 
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2.7 Summary  
This chapter has established the regulatory and technical context for the design 
decisions made in this project. DSEAR [6], COSHH [5], and COMAH [4] collectively 
highlight the need for effective monitoring and control of SO₂ exposure within the Zone 2 
activation-kiln area. The evaluations presented confirm that a fixed gas detection 
system provides the most suitable approach for this application. The selected solution, 
based on electrochemical detection integrated with the existing Foxboro I/A Distributed 
Control System, was chosen due to its reliability, compatibility with site infrastructure, 
and alignment with regulatory requirements. The detailed design and implementation 
of this system are presented in Chapter 4.  
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3 Design Methodology  
This chapter outlines the methodology adopted for the design, implementation, and 
validation of the SO₂ detection and alarm monitoring system within a live industrial 
environment. The approach combined engineering design, system integration, and 
experimental validation while ensuring compliance with relevant safety standards and 
existing plant infrastructure. 

3.1 Methodological Approach 
The project follows a combined development-based and experimental methodology, 
supported by an industrial case study approach. The development element focuses on 
the design and installation of a fixed gas detection system, while the experimental 
element involves testing and validating system performance against defined criteria. 
This approach is appropriate for projects implemented within operational industrial 
facilities, where real-world constraints including hazardous area classifications, 
existing infrastructure, and site safety procedures directly influence design decisions 
[8]. 

3.2 System Design and Development Process 
The design process began with identifying the safety deficiencies associated with 
reliance on portable gas detection within the activation-kiln area. A risk-based 
approach was adopted to determine suitable detector locations, focusing on areas 
where gas releases were most probable, including flanged connections, valves, and 
process connection points. Detector positioning was informed by SO₂ gas behaviour 
characteristics and consultation with the site process chemistry specialist. 

Equipment selection was based on technical performance, hazardous-area 
compliance, and compatibility with existing plant infrastructure. Electrochemical 
detectors were selected for their suitability for low-level SO₂ detection and 
compatibility with 4–20 mA signal transmission. Site-standard equipment and loop-
powered intrinsically safe barriers were prioritised to simplify installation and maintain 
consistency with existing maintenance arrangements. 

The system architecture and signal flow are illustrated in Figure 3.1. The project was 
managed against the lifecycle plan developed at proposal stage, with installation 
activities completed under approved Risk Assessments and Method Statements in 
accordance with site safety procedures. Supporting documentation is provided in 
Appendix G. 
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Figure 3.1: SO₂ gas detection system architecture showing signal path from hazardous area detector 

through IS barrier to Foxboro DCS, alarm outputs, and evacuation tie-in. 

 

The full project lifecycle is illustrated in Figure 3.2 below.  
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Figure 3.2: Project lifecycle Gantt chart showing planned milestones from project initiation through to final submission, SO₂ Detection Monitoring System, OCU 

Group Vale Clydach Refinery. 
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3.3 System Implementation 
The implementation phase involved physical installation of field instrumentation, cable 
routing, IS panel wiring, and termination of all circuits between field devices and the 
DCS. Cable installation followed IEC 60079-14 [7], with appropriate segregation 
maintained between intrinsically safe and non-intrinsically safe circuits throughout. 
DCS configuration was carried out by the project engineer with technical support from a 
Schneider Electric Foxboro systems engineer, in accordance with Vale's management 
of change process for live system modifications [16]. A dedicated HMI display was 
developed to present real-time gas concentration readings, alarm status, and historical 
trends, consistent with existing plant control standards. 

3.4 Testing and Commissioning 
Testing and commissioning were completed in accordance with BS EN 60079-17 [11], 
progressing from point-to-point loop checks through signal injection testing and bump-
gas verification. Signal injection testing verified correct 4–20 mA scaling and alarm 
functionality across all five detection loops, while bump-gas commissioning confirmed 
detector response using calibrated SO₂ mimic gas. A formal DSEAR inspection was 
completed following installation. Full commissioning results are presented in Chapter 
6. 
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3.5 Data Collection and Evaluation Criteria 
System performance was evaluated using controlled test data and real-time DCS 
monitoring. Key evaluation criteria are summarised in Table 3.1. Commissioning 
records, calibration certificates, and DSEAR inspection documentation were retained 
as formal project deliverables and are provided in the appendices. 

Table 3.1: Key Evaluation Data of the effectiveness and reliability of the system. 

 

3.6 Constraints and Limitations 
The project was implemented within a live industrial environment, requiring compliance 
with Vale’s management of change procedures and site safety systems [16]. 
Operational constraints limited full evacuation testing during normal production; 
therefore, verification was completed during a planned period of reduced site activity. 
All works were undertaken in accordance with approved Risk Assessments and Method 
Statements [19]. 

3.7 Ethical and Environmental Considerations 
The implementation of a fixed gas detection system improves personnel safety by 
reducing potential exposure to hazardous SO₂ concentrations, consistent with the 
professional responsibilities of engineers to protect human life [20]. Training 
documentation was issued to all operational staff to ensure consistent access to 
system information. Environmental considerations relating to end-of-life disposal of 
electronic equipment should follow recognised environmental management practices 
[21].  

3.8 Summary 
This chapter has outlined the combined development and experimental methodology 
adopted for the design, implementation, and validation of the SO₂ detection system. 
The methodology ensured that the system was designed to relevant standards, safely 
integrated with existing plant infrastructure, and thoroughly validated under controlled 
conditions. The detailed design and implementation are presented in Chapter 4, with 
commissioning results and evaluation presented in Chapter 6. 
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4 System Design, Development and Implementation 
This chapter presents the design and implementation of the fixed SO₂ gas detection 
system at Vale Clydach Refinery, including system architecture, equipment selection, 
intrinsically safe loop design, DCS integration, alarm logic, HMI development, and 
physical installation. 

The system was developed to address the safety deficiencies identified in Chapter 1 
while ensuring compliance with hazardous-area requirements and compatibility with 
existing plant infrastructure. 

4.1 System Overview 
The SO₂ detection system comprises five fixed electrochemical transmitters installed 
within the activation-kiln hazardous areas, each connected via a dedicated 4–20 mA 
intrinsically safe loop through a certified galvanic isolator to the Foxboro I/A Distributed 
Control System (DCS) located within the safe-area IA computer room. The DCS 
processes the analogue input signals, applies alarm logic, drives local sounder/beacon 
outputs, and provides integration with the plant’s main evacuation alarm system. The 
implemented system architecture is illustrated in Figure 4.1. 

 

 
Figure 4.1: Detailed SO₂ gas detection system architecture showing hazardous area instrumentation, 

intrinsically safe signal transmission, DCS integration, and alarm outputs 

 

Each Crowcon Xgard Type 1 transmitter installed within the Zone 2 hazardous area 
generates a 4–20 mA signal proportional to SO₂ concentration across a 0–10 ppm 
range. The signal is transmitted through a Pepperl+Fuchs KFD0-CS-Ex1.50P galvanic 
isolator to the Foxboro FBM AI211 analogue input module, where it is scaled to 
engineering units and processed using DCS alarm logic. Alarm outputs are then 
generated to drive local sounder/beacon units and the evacuation alarm relay circuit. 
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Table 4.1: SO₂ detector locations and tag references. 

 

 

Detector locations were determined through consultation with the site process 
chemistry specialist and experienced kiln operators, supported by a risk-based 
assessment of likely SO₂ release points. Due to limited historical leak data, positioning 
focused on areas of highest potential risk, including process flanges, valves, and 
manifold connections. Additional consideration was given to personnel exposure, with 
detectors installed in key access and walkway areas where operators are most likely to 
be present. The SO₂ inlet manifold, although not continuously manned, was identified 
as a critical location due to the high concentration of potential leak sources. 

The number of detectors installed was influenced by both risk prioritisation and project 
budget constraints. Five detectors were selected to provide coverage of the highest risk 
areas within the activation-kiln process. While additional detectors could further 
improve coverage, the implemented system represents a targeted and cost-effective 
solution within the approved capital expenditure, with potential for future expansion if 
required. 

4.2 Equipment Selection 
Equipment selection was carried out based on the comparative evaluation presented in 
Chapter 2. This section details the selected components, their key technical 
characteristics, and the justification for their use within the SO₂ detection system. 

4.2.1 Crowcon Xgard Type 1 SO₂ Transmitter 
The Crowcon Xgard Type 1 was selected as the field transmitter for all five detection 
loops. It is a two-wire, loop-powered electrochemical transmitter certified to Ex ia IIC T4 
Ga under ATEX certificate Baseefa04ATEX0115X Issue 7 [12], confirming its suitability 
for installation in Zone 0, 1, and 2 hazardous areas. 

The device provides a 4–20 mA output signal proportional to SO₂ concentration and 
operates directly from the loop supply, eliminating the requirement for a separate 
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power cable. This significantly simplified field wiring and reduced installation 
complexity within the hazardous area. 

Vale Clydach maintains an existing service and calibration contract with Crowcon for 
hydrogen detection systems on site. The selection of the Xgard Type 1 extended this 
arrangement, ensuring that maintenance personnel, calibration equipment, and spare 
parts availability were already established, reducing long-term operational risk. 

The Crowcon XgardIQ model was initially quoted but rejected following technical 
evaluation and manufacturer consultation for the following reasons: it requires a three-
wire configuration, making it incompatible with the loop-powered intrinsically safe 
design adopted for this project; the SO₂ electrochemical sensor was confirmed by the 
manufacturer as not optimised for the 0–10 ppm detection range required; the 
integrated local display was not considered beneficial given that detectors are installed 
at low level in restricted locations and all monitoring is conducted remotely from the 
control room HMI; and the significantly higher unit cost of the XgardIQ would have 
placed the project at risk of exceeding the approved capital expenditure budget. The 
Xgard Type 1 therefore represented the technically and commercially appropriate 
solution for this application. The Xgard product selection diagram is presented in Figure 
4.2. 

 

 
Figure 4.2: Crowcon Xgard product selection diagram highlighting the intrinsically safe electrochemical variant used 

for SO₂ detection [12]. 
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4.2.2 Pepperl+Fuchs KFD0-CS-Ex1.50P Galvanic Isolator 
The KFD0-CS-Ex1.50P was selected as the intrinsically safe interface device for each 
detection loop. This unit is a transformer-isolated, loop-powered current separator 
certified to IECEx BAS 05.0004X Issue 6 [14], providing galvanic isolation between the 
hazardous area field circuit and the safe-area DCS input. 

Following a review of available intrinsically safe barrier options, the KFD0-CS-Ex1.50P 
was identified as the only loop-powered galvanic isolator capable of meeting the 
application requirements. Alternative devices required an additional 24 V DC supply, 
which would have increased panel complexity, wiring requirements, and installation 
effort. The use of a loop-powered isolator removed the need for a separate power 
supply within the intrinsically safe panel, simplifying the system design and reducing 
overall installation cost. 

4.2.3 Clifford and Snell YL40 Sounder/Beacon 
The Clifford and Snell YL40 sounder/beacon combination unit was selected for local 
alarm indication. The YL40 provides a maximum sound output of 108 dB(A) at 1 metre 
and is rated IP65, suitable for the industrial environment of the activation-kiln area. Two 
units were installed, one for the Kiln 1 activation area and one for Kiln 2, positioned to 
provide clear audible and visual alarm indication to personnel. The units are located 
outside the Zone 2 boundary and are activated via digital outputs from the Foxboro 
DCS.  

Table 4.2: Summary of principal equipment selected for the SO₂ detection system. 

 

Full technical specifications for selected equipment are provided in Appendix E. 

The sounder tone was configured via DIP switch setting 00010 to produce a 
distinguishable audible alarm signal in accordance with the requirements of BS EN 
61310-1 [23], ensuring the SO₂ alarm is clearly differentiated from other audible 
warnings within the kiln area. 
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4.3 Intrinsically Safe Loop Design and Verification 
The intrinsically safe (IS) loop design was completed in accordance with IEC 60079-11 
[10] and IEC 60079-14 [7]. Entity parameter verification was carried out for each of the 
five detection loops to confirm compliance with intrinsic safety requirements. As all 
loops utilise identical equipment and cable specifications, the verification presented 
for loop A131_1 is representative of the complete system. 

4.3.1 Entity Parameter Verification 
Entity verification requires that the output parameters of the safe-area associated 
apparatus do not exceed the input parameters of the hazardous area field device. The 
following conditions must all be satisfied: 

• Uo ≤ Ui: Barrier output voltage must not exceed detector maximum input voltage 
• Io ≤ Ii: Barrier output current must not exceed detector maximum input current 
• Po ≤ Pi: Barrier output power must not exceed detector maximum input power 
• Cc + Ci ≤ Co: Total cable plus device capacitance must not exceed barrier 

certified output capacitance 
• Lc + Li ≤ Lo: Total cable plus device inductance must not exceed barrier certified 

output inductance 

The verified parameters for loop A131_1 are presented in Table 4.3. 

Table 4.3: Entity parameter verification Loop A131_1 (representative of all five loops). 

 

All five entity verification conditions are satisfied. The system is confirmed as compliant 
with IEC 60079-11 [10] for Group IIC, Temperature Class T4 applications. 

A representative intrinsically safe loop calculation sheet is shown in Figure 4.3, with the 
full calculation provided in Appendix A. 
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Figure 4.3: IS loop entity parameter verification calculation sheet Loop A131_1, document ref 128A-A131-

1 
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4.3.2 Voltage Drop Calculation 
A voltage drop calculation was carried out to confirm that adequate supply voltage was 
available at the detector terminals under worst-case full-scale current conditions. The 
loop cable for each detector run is approximately 20 metres in length using 0.75mm² 
two-core screened SWA cable. The total loop resistance is calculated as follows: 

R = (2 × L × ρ) / A 

Where: 

L = cable length = 20m 
ρ = resistivity of copper = 0.0168 Ω·mm²/m 
A = conductor cross-sectional area = 0.75mm² 
 

R = (2 × 20 × 0.0168) / 0.75 = 0.896 Ω 

 

At the maximum loop current of 20 mA, the cable voltage drop is: 

 

Voltage drop = I × R 

Voltage drop = 0.020 × 0.896 = 0.018 V 

 

The calculated cable voltage drop of 0.018 V is negligible relative to the overall loop 
voltage. In a loop-powered intrinsically safe system, the available voltage at the 
detector is influenced by voltage drops across the intrinsically safe barrier and 
associated wiring. Manufacturer data and consultation confirmed that sufficient 
voltage remains available at the detector terminals to meet the Crowcon minimum 
operating requirement of 13 V, validating the suitability of the selected loop-powered 
configuration. 

4.4 Signal Transmission and 4–20 mA Loop Configuration 
The system was designed using the 4–20 mA analogue current loop standard for signal 
transmission between the field detectors and the Distributed Control System. This 
method provides robust signal transmission with noise immunity and supports loop-
powered field devices without requiring a separate power supply. Each loop is scaled 
as follows: 

• 4 mA = 0 ppm SO₂: Live zero, confirms loop continuity  
• 20 mA = 10 ppm SO₂: Full-scale measurement range  
• Below 4 mA: FAULT condition, open circuit or loss of power detected 

 
This scaling provides a measurement resolution of 0.625 ppm per milliamp, which is 
sufficient to detect concentrations approaching the 0.5 ppm Time-Weighted Average 
(TWA) Workplace Exposure Limit (WEL) and to reliably trigger the 1 ppm alarm setpoint. 
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The live-zero characteristic of the 4mA signal is a critical safety feature. A signal below 
4mA indicates a fault condition, such as cable disconnection or loss of detector power, 
and is configured within the DCS to generate a FAULT alarm. This ensures that system 
failures are clearly distinguished from a valid zero gas reading, preventing unsafe 
conditions from being misinterpreted. 

Table 4.4: 4–20 mA loop signal scaling for SO₂ concentration. 

 

 

Loop drawings were produced using AutoCAD Electrical, defining the complete signal 
path from detector through intrinsically safe barrier to DCS termination for each of the 
five circuits, Full loop Drawings found in appendix B. These drawings followed Vale's 
plant instrumentation tagging and numbering conventions and were reviewed and 
approved prior to installation. The AutoCAD loop drawing for circuit A131_1 is 
presented in Figure 4.4. The diagram also illustrates the segregation between 
hazardous and safe area circuits, which is a key requirement for intrinsically safe 
system design in accordance with IEC 60079-14 [7].  
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Figure 4.4: AutoCAD loop drawing A131_1 showing SO₂ detector, intrinsically safe barrier, marshalling 

interface, and DCS analogue input termination across hazardous and safe area boundaries. 

4.5 DCS Integration and Alarm Logic Configuration 
The Foxboro I/A Distributed Control System (DCS) was configured to receive, process, 
and act upon the 4–20 mA signals from all five SO₂ detection loops. Configuration was 
carried out within the Foxboro simulation environment prior to implementation on the 
live plant system, in accordance with the Kiln Plant SO₂ Detection System I/A 
Configuration Specification (MoFC1747), included in Appendix I. A Schneider Electric 
Foxboro engineer present on site during the implementation period provided technical 
guidance where required. 

 

4.5.1 Analogue Input Block Configuration 
Each detection loop was assigned to an Analogue Input (AIN) compound block on the 
Foxboro FBM211 module. The configuration defined the IOM identifier, point number, 
engineering unit scaling, and alarm thresholds in accordance with standard industrial 
distributed control system configuration practices [16]. Analogue input assignments 
are summarised in Table 4.5. 
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Table 4.5: Analogue Input Assignments. 

 

 

The implemented AIN block configuration is shown in Figure 4.5, confirming module 
assignment, scan period, and linear scaling of the 4–20 mA signal to engineering units. 

 
Figure 4.5: Foxboro DCS AIN compound block configuration for SO₂ detection loop A131_1 showing 

module assignment, scan period, and scaling parameters. 
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4.5.2 Alarm Threshold Configuration 
Alarm thresholds were defined in accordance with UK workplace exposure limits 
(EH40/2005) [3]. The AL1 High alarm at 1 ppm provides early warning aligned with the 
short-term exposure limit (STEL), while the AL2 High-High alarm at 2 ppm represents a 
significant exceedance requiring immediate evacuation. The configured alarm 
setpoints are shown in Figure 4.6, confirming High (MEASHL) and High-High (HHALIM) 
limits with latching behaviour enabled. 

 

 
Figure 4.6: Foxboro DCS alarm configuration for SO₂ detection loop A131_1 showing AL1 (1 ppm) and AL2 

(2 ppm) thresholds. 
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4.5.3 Digital Input and Output Configuration 
Digital output and input blocks were configured to drive the physical alarm devices and 
monitor the evacuation defeat key status for each kiln system. The Kiln 1 block 
assignments are summarised in Table 4.6. 
 

Table 4.6: Foxboro DCS digital output and input block assignments, Kiln 1 SO₂ detection system. 

 
 
The evacuation output is configured as a normally closed contact, which opens on an 
AL2 High-High condition to initiate the evacuation alarm. This fail-safe arrangement 
ensures that loss of power or signal also results in an evacuation condition, maintaining 
system integrity. 

4.5.4 Alarm Logic Implementation 
The Foxboro DCS compound block processes the 4–20 mA signal from each Crowcon 
Xgard Type 1 transmitter via the P+F KFD0-CS-Ex1.50P galvanic isolator. A signal below 
4 mA is interpreted as an IO Bad fault condition, generating a FAULT alarm on the HMI to 
alert operators to a loop or instrument failure. Signals at or above 4 mA are linearly 
scaled to engineering units and evaluated against the configured alarm thresholds. 

The overall alarm logic structure implemented within the system is illustrated in Figure 
4.7. 
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Figure 4.7: SO₂ detection system alarm logic flow diagram showing signal processing, fault detection, 

alarm thresholds, and system response. 
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When SO₂ concentration reaches or exceeds 1 ppm, the DCS generates a digital output 
to activate the local sounder and beacon in the affected kiln area. This AL1 alarm 
latches on activation and can be acknowledged and silenced by the operator whilst 
remaining displayed on the HMI until the concentration falls below 1 ppm and a manual 
reset is carried out. When SO₂ concentration reaches or exceeds 2 ppm, the DCS opens 
the normally closed evacuation relay contact, initiating the main plant evacuation 
alarm. This AL2 alarm latches and cannot be silenced until the SO₂ concentration falls 
below 2 ppm and is acknowledged by authorised personnel. Where a defeat key is 
active at the gas detection defeat panel, the associated Omron relay is de-energised, 
isolating the SO₂ evacuation output from the main evacuation circuit for that kiln area 
without affecting other evacuation triggers. 

The alarm logic was implemented within the Foxboro Integrated Control Configurator 
(ICC) using structured logic blocks to combine multiple detector inputs and generate 
unified alarm outputs. Boolean OR logic is used to determine if one or more detectors 
are in a high alarm state, ensuring that any single detector entering alarm will activate 
the local warning system. Additional logic paths process unacknowledged alarm 
conditions to maintain sounder activation until operator acknowledgement is 
completed. Inhibit signals are incorporated to allow detectors to be safely isolated 
during maintenance without affecting overall system operation. The implemented ICC 
logic is shown in Figure 4.8. 
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Figure 4.8: Foxboro ICC logic block A131_LG showing implementation of SO₂ alarm logic using Boolean 

operations to combine multiple detector alarm states, including high alarm, unacknowledged, and inhibit 
conditions. 
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The alarm logic is summarised in Table 4.7. 

Table 4.7: DCS alarm logic configuration SO₂ detection system. 

 

The two-tier alarm threshold configuration, with latching behaviour at both levels, is 
consistent with established alarm management principles for industrial process 
control systems [22]. 

4.5.5 System Monitoring and Validation 
The live AIN faceplate display for detector A131_1 is shown in Figure 4.9, confirming 
correct system operation under normal plant conditions. The display shows real-time 
SO₂ concentration in ppm, alongside raw signal and scaling parameters, verifying 
correct signal conversion and stable measurement performance. 

 
Figure 4.9: Foxboro DCS AIN faceplate display for SO₂ detection loop A131_1 showing live measurement 

and scaling in engineering units. 
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4.6 Evacuation Alarm Tie-In 
Integration of the SO₂ detection system with the plant evacuation alarm was achieved 
through modification of the existing Gas Detection Evacuation Defeat Panel, located 
outside the control room on the Kiln 1 side. The panel was already established on site 
as part of the existing gas detection infrastructure, allowing the new SO₂ system to 
utilise the existing plant-wide alarm architecture without the need for additional 
standalone equipment. 

When an AL2 High-High condition of 2 ppm is reached on any detector, the DCS 
generates a digital output which drives Omron G2R-2 24VDC interface relays within the 
defeat panel, one assigned to Kiln 1 and one to Kiln 2. The relays are configured as 
normally closed contacts in a fail-safe arrangement. The contact opens on an AL2 
condition to initiate the plant evacuation alarm. Any loss of power, wiring fault, or relay 
failure also opens the circuit and triggers the alarm, rather than leaving the system in a 
silent fault condition. This approach is consistent with good engineering practice for 
safety-critical alarm systems within COMAH-regulated environments [4]. 

The relay contacts were integrated into the existing evacuation alarm circuit in a series 
configuration. The complete defeat panel external connections, including the SO₂ 
defeat relay coils, evacuation relay contacts, and DCS monitoring signals, are shown in 
Figure 4.10. 

 

 

 

Figure 4.10: Evacuation defeat panel external connections drawing showing SO₂ defeat and evacuation relay 
integration with the existing plant evacuation alarm circuit, drawing (128A-000-19496). 
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Two spare key switch positions within the existing panel were utilised for the SO₂ defeat 
function, one for each kiln system. These allow the evacuation output to be isolated 
during planned maintenance or calibration without affecting other evacuation circuits. 
Defeat key status is monitored by the DCS and displayed on the HMI, ensuring operator 
awareness of any active override condition. Full wiring drawings for the evacuation relay 
interface are provided in Appendix J. 

4.7 HMI Development 
The Human Machine Interface (HMI) for the SO₂ detection system was developed using 
the Foxboro FoxView platform and integrated into the existing kiln plant graphical 
environment. This approach ensured consistency with established operator interfaces 
and avoided the introduction of standalone or unfamiliar displays. 

A dedicated SO₂ detection overview screen was developed to provide operators with 
real-time gas concentration readings, detector status, and alarm indication across both 
Kiln 1 and Kiln 2 areas, as shown in Figure 4.11. Colour coded alarm indication was 
implemented to support rapid identification of abnormal conditions within the plant 
environment. 

 
Figure 4.11: FoxView HMI overview screen for SO₂ detection system showing detector locations and live 

SO₂ concentration readings. 

From the overview display, operators can navigate to dedicated faceplate and trend 
screens for each kiln system. The faceplate display, shown in Figure 4.12, provides 
detailed information for each detection loop, including real time measurement, alarm 
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status, and scaling parameters, while maintaining standard Foxboro operator 
functionality. 

 

 
Figure 4.12: FoxView HMI faceplate display for SO₂ detection loop showing real-time measurement and 

alarm status. 
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Trend displays were implemented to support operational monitoring and post-event 
analysis of SO₂ concentration data, as shown in Figure 4.13. 

 

 
Figure 4.13:  FoxView HMI trend display for SO₂ detection system showing time-based variation in SO₂ 

concentration. 

Alarm annunciation was integrated within the DCS in accordance with existing plant 
alarm management practices [22], with separate indication for AL1 and AL2 conditions 
and operator acknowledgement functionality. 

The HMI also provides indication of system status, including detector faults and 
evacuation defeat conditions, ensuring that operators remain aware of any inhibited or 
abnormal system states. 

The HMI design was developed in alignment with existing plant graphical standards to 
maintain operator familiarity and minimise training requirements. Operator training was 
undertaken to support system introduction, with supporting documentation provided to 
explain system functionality, navigation, and alarm behaviour. 

Additional HMI screens developed to support operator familiarisation and system 
training are included in Appendix K. 
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4.8 Physical Installation Overview 
All installation works were completed under Vale’s permit-to-work system in 
accordance with approved Risk Assessments and Method Statements [19]. Following 
installation, a formal DSEAR detailed inspection was completed in accordance with BS 
EN 60079-17 [11], with all inspection results recorded as satisfactory. 

All five detectors were installed on Unistrut fixings at low level, positioned directly 
below or adjacent to flange, manifold, and valve body locations identified as the most 
probable SO₂ release points. This positioning reflects the physical behaviour of SO₂ as a 
gas denser than air, which tends to accumulate at low levels, ensuring effective 
detection of potential releases. A representative installation is shown in Figure 4.14. 

 

 
Figure 4.14: Crowcon Xgard Type 1 SO₂ detector installed at low level on Unistrut fixing adjacent to 

process flange, Kiln 1 activation area. 
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Two intrinsically safe marshalling panels were installed within the kiln areas to house 
galvanic isolators and associated wiring terminations. All intrinsically safe circuits were 
segregated from non-IS wiring in accordance with IEC 60079-14 [7]. The installed IS 
panel is shown in Figure 4.15. 

 

 
Figure 4.15: IS panel 128A-MB-I-030 showing installed Pepperl+Fuchs KFD0-CS-Ex1.50P galvanic 

isolators and intrinsically safe wiring, Kiln 1 hazardous area. 

  



P a g e  48 | 142 

 

Clifford and Snell YL40 sounder/beacon units were installed outside the Zone 2 
boundary at each kiln area, providing audible and visual alarm indication in response to 
elevated SO₂ concentrations. The installed sounder/beacon is shown in Figure 4.16. 

 

 
Figure 4.16: Clifford and Snell YL40 sounder/beacon installed outside Zone 2 boundary, Kiln 1 activation 

area. 

Cable installation utilised existing cable tray and containment routes where possible, 
with additional Unistrut supports installed where required. Hazardous area cable 
glands of the Hawke 501/453 type were used for all cable entries into hazardous area 
equipment, with Hawke 153/RAC glands applied in safe area locations, in accordance 
with DSEAR requirements [6]. Full installation photography and the Kiln 1 cable block 
diagram are provided in Appendix H, K. 

4.9 Operator Training 
Operator training was undertaken to support the introduction of the SO₂ detection 
system and ensure effective use within the plant environment. Training was delivered 
across all shift groups over a two-week period, covering approximately 30 personnel. 

The training programme included both control room and field-based elements. 
Operators were provided with demonstrations of the HMI graphics, including system 
functionality, expected operating values, and alarm response procedures. In addition, 
physical plant walkthroughs were conducted to familiarise personnel with detector 
locations and system layout within the kiln areas. 



P a g e  49 | 142 

 

A structured training aid incorporating detector locations, tag references, and alarm 
response instructions was developed and issued to operators, as shown in Figure 4.17. 
This documentation was designed to support both initial training and ongoing reference 
during normal plant operation. 
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Figure 4.17: Operator training document showing SO₂ detector locations, channel identification, 

and alarm response procedure for kiln areas. 
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Supporting documentation, including annotated HMI graphics and additional guidance 
material, is provided in Appendix K. 

4.10 Project Costing 
The project was approved under a capital expenditure budget of approximately 
£10,000, sanctioned as a safety-critical improvement project. Table 4.8 presents the 
estimated and actual costs for all principal project elements. 

Table 4.8: Project cost summary, SO₂ detection system. 

 

The project was delivered within the approved CAPEX budget of £10,000, with a final 
actual cost of £9,953. Three principal cost savings contributed to this outcome. The 
selection of the Crowcon Xgard Type 1 in place of the initially evaluated XgardIQ model, 
quoted at £6,995 ex VAT, represented a significant reduction in detector procurement 
cost while still meeting the functional requirements of the application. 

Further cost savings were achieved through utilisation of spare analogue capacity 
within the existing Foxboro modules, eliminating the need for additional DCS hardware. 
In addition, the selection of a loop-powered galvanic isolator barrier removed the 
requirement for a separate 24VDC instrument supply circuit, reducing both material 
and cable installation costs. 

Installation labour costs were further minimised through the direct involvement of 
inhouse engineering resources, with elements of the design, configuration, and 
commissioning activities undertaken internally under the existing site engineering 
contract. Supporting procurement documentation is provided in Appendix L. 
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4.11 Summary 
This chapter has presented the design and implementation of the SO₂ detection 
system, including field instrumentation selection, intrinsically safe circuit design, 
control system integration, and HMI development. The physical installation of the 
system within a live plant environment has been demonstrated, supported by 
inspection and verification in accordance with relevant hazardous-area standards. 

In addition, practical aspects of deployment have been addressed, including operator 
training and system familiarisation to ensure effective use within the plant. Project 
costing has also been considered, demonstrating that the system was delivered within 
the approved CAPEX budget through appropriate equipment selection and utilisation of 
existing control system infrastructure. 

The resulting system provides continuous monitoring of SO₂ concentrations within the 
activation kiln area, with integrated alarm and evacuation functionality to support 
personnel safety. The engineering documentation, verification records, and 
commissioning evidence associated with the implemented system are presented in 
Chapter 5. 
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5 Engineering Documentation and System Verification 
5.1 Introduction 
This chapter documents the principal engineering deliverables produced throughout 
the project. The outputs span engineering design documentation, hazardous-area 
compliance records, control system configuration, commissioning, and supporting 
operational documentation generated during implementation of the SO₂ detection 
system. 

5.2 Engineering and Design Documentation 
The following engineering design documents were produced prior to installation and 
retained within the project file: 

• IS Loop Drawings AutoCAD Electrical ×5 
One drawing per detection circuit defining the complete signal path from 
detector terminal through intrinsically safe barrier, marshalling interface, and 
DCS termination. Drawings were produced to Vale instrumentation draughting 
standards and reviewed prior to installation.  

• Cable Block Diagram 
Defining cable routing, containment strategy, cable types, and termination 
references for both Kiln 1 and Kiln 2 systems.  

• SO₂ Detector Location Drawing 
Identifying the installed detector positions across both kiln hazardous areas.  

• IS Entity Parameter Verification Calculations x5 
Completed for all five detection loops to confirm compliance with IEC 60079-11 
[10] prior to energisation. A representative calculation for loop A131_1 is 
presented in Chapter 4.  

• Intrinsically safe Marshalling box Panels 
Defining barrier allocation, terminal arrangements, and cable segregation within 
the intrinsically safe panel in accordance with IEC 60079-14 [7].  

• Defeat Relay Modification Drawing 
Produced to document relay installation and wiring modifications to the existing 
gas detection evacuation defeat panel.  

Representative engineering drawings and calculations are provided in Appendix B. 
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5.3 DSEAR Compliance Dossier 
The following documents were compiled as part of the hazardous-area compliance 
dossier for the installation: 

• Site area classification drawing confirming Zone 2 designation  

• ATEX and IECEx certificates of conformity for all installed hazardous-area 
equipment  

• DSD entity parameter verification calculation sheets ×5  

• Intrinsically safe loop drawings as installed  

• DSEAR detailed inspection schedule completed in accordance with BS EN 
60079-17 [11]  

Five DSEAR detailed inspections were completed following installation, one per 
detection loop, by the project engineer holding COMPEX qualifications Ex01, Ex04, and 
Ex14. All inspections were recorded as satisfactory with no remedial actions raised. 

The completed DSEAR inspection schedule is included in Appendix C. 
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Figure 5.1: DSEAR detailed inspection certificate confirming satisfactory result in accordance with BS EN 

60079-17 [11]. 
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5.4 Control System Configuration 
Control system configuration was carried out within the Foxboro I/A Distributed Control 
System (DCS) in accordance with the Kiln Plant SO₂ Detection System I/A Configuration 
Specification, reference MoFC1747. 

Analogue input blocks were configured for all five detection loops, defining signal 
allocation, engineering unit scaling from 4–20 mA to 0–10 ppm, alarm threshold 
parameters, and historical trending functionality. Digital output and digital input blocks 
were additionally configured to drive field alarm devices and monitor evacuation defeat 
key status. 

Prior to live deployment, logic verification and alarm testing were undertaken within an 
offline engineering environment using simulated 4–20 mA signal injection. This allowed 
signal scaling, alarm annunciation, latching behaviour, and evacuation logic to be 
verified without impact to live plant operations. 

HMI graphics were developed in accordance with existing kiln plant display standards 
to provide operators with real-time gas concentration indication, alarm annunciation, 
trend displays, and defeat key status monitoring across both kiln systems. 

Representative control system configuration records are provided in Appendix I. 

5.5 Commissioning Records 
System commissioning was completed across two phases. 

The first phase comprised 4–20 mA signal injection testing using a calibrated loop 
calibrator, verifying correct signal scaling, alarm activation at AL1 and AL2 thresholds, 
FAULT alarm generation on sub-4 mA signals, and correct latching and reset behaviour 
across all five detection loops. 

The second phase involved bump-gas commissioning completed by a Crowcon 
Detection Instruments field service engineer using calibrated SO₂ mimic gas. Mimic gas 
was used in preference to live SO₂ to avoid introducing a toxic substance into the 
working environment unnecessarily during commissioning activities. 

The system performed correctly during commissioning with no remedial actions 
identified. The Crowcon calibration and commissioning report is included in Appendix 
D. 
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Figure 5.2: Crowcon calibration and commissioning report for Kiln Plant 1 and 2 SO₂ detection system. 
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5.6 Summary of Project Deliverables 
 

Table 5.1:Principal development and verification records. 

 

The chapter has documented the principal engineering deliverables produced 
throughout the project, including design documentation, hazardous-area compliance 
records, control system configuration, and commissioning records. Together, these 
outputs form a complete auditable record of the implemented SO₂ detection system 
and support its ongoing operation, maintenance, and verification. 

System performance and evaluation against the original project objectives are 
presented in Chapter 6. 
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6 Results and Discussion 
6.1 Introduction 
This chapter presents the results obtained during commissioning and initial operation 
of the SO₂ detection and alarm monitoring system installed within the activation kiln 
areas at Vale Clydach Nickel Refinery. The results are evaluated against the original 
project objectives defined in Chapter 1, with discussion of system performance, 
commissioning activities, operational challenges, and areas identified for potential 
future improvement. 

6.2 Signal Injection Test Results 

Prior to bump-gas commissioning, 4–20 mA signal injection testing was carried out 
across all five detection loops using a calibrated Fluke loop calibrator. Signals were 
injected at five points across the full measurement range and verified against the DCS 
engineering display within an offline simulation environment, ensuring that live plant 
operations were not affected during testing. The results for all five loops are presented 
in Table 6.1. 

Table 6.1: 4–20 mA signal injection test results all five SO₂ detection loops. 

 

All values shown in ppm. Expected values based on linear scaling of 4 mA = 0 ppm and 
20 mA = 10 ppm. 
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Figure 6.1: 4–20 mA signal injection testing using a calibrated Fluke loop calibrator during commissioning of SO₂ 
detection. 

All five loops demonstrated correct linear scaling across the full measurement range, 
with DCS readings corresponding to expected engineering unit values at each injection 
point. Minor variations between expected and observed readings during commissioning 
were considered acceptable and consistent with normal instrumentation tolerance. 

AL1 alarm activation was confirmed at 1 ppm on all loops, initiating local sounder and 
beacon outputs. AL2 alarm activation was confirmed at 2 ppm on all loops, initiating 
the evacuation alarm output. Based on the configured 0–10 ppm scaling range, alarm 
activation occurred at approximately 5.6 mA for AL1 and 7.2 mA for AL2. 

Fault alarm generation was verified by simulating an open-circuit condition below 4 mA, 
producing a BAD IO indication on the DCS faceplate. Correct alarm latching and reset 
behaviour was confirmed during testing, with operator acknowledgement required 
before alarms cleared. 

Individual loop calibration certificates are provided in Appendix M. 
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6.3 Bump Gas Commissioning Results 
 Following successful signal injection testing, bump-gas commissioning was carried 
out by a Crowcon Detection Instruments field service engineer using calibrated 10 ppm 
SO₂ mimic gas. Mimic gas was used in preference to live SO₂ to avoid introducing a 
toxic substance into the working environment unnecessarily during commissioning 
activities. The results of the final calibration phase are presented in Table 6.2 

Table 6.2: Bump gas commissioning results final calibration phase. 
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Figure 6.2: Extract from calibration and commissioning certificate showing analogue scaling verification and alarm 
setpoints for loop A231_2. 

All detectors demonstrated correct response to calibration gas, with displayed readings 
remaining within acceptable tolerance of expected values across the full operating 
range. Detector response following gas application was effectively immediate, with no 
abnormal drift or unstable readings observed during testing. 

The Crowcon commissioning report, signed by both the Crowcon field service engineer 
and the project engineer, is provided in Appendix D. 
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6.4 Alarm Activation Results 
Alarm activation was verified during signal injection testing and confirmed during 
bump-gas commissioning. Table 6.3 summarises the alarm verification results across 
both kiln systems. 

Table 6.3: Alarm activation verification results. 

 

The sounder and beacon outputs were confirmed operational during AL1 activation, 
providing audible and visual indication within the kiln areas. Alarm latching behaviour 
was confirmed on all loops, requiring operator acknowledgement at the DCS before 
alarms cleared. 

Operation of the evacuation defeat key system was also verified during testing. Correct 
indication of defeat status was confirmed at the HMI by operating the physical key 
switch located at the Gas Detection Evacuation Defeat Panel. 

6.5 Evacuation Alarm Test 

Verification of the plant evacuation alarm interface represented the most operationally 
significant commissioning activity completed during the project. Due to the potential 
impact of an unplanned evacuation on plant operations and personnel, the test was 
conducted during a weekend period of reduced site activity. 

All relevant personnel were informed in advance, and the test was carried out in a 
controlled manner with plant operations and senior engineering staff in attendance. 
The DCS evacuation output was activated by simulating an AL2 condition, confirming 
correct operation of the main plant evacuation alarm. 

The evacuation defeat key system was additionally verified during testing, confirming 
that the evacuation output could be safely isolated during maintenance activities 
without initiating the live plant alarm. The test was completed successfully with no 
operational issues encountered. 

The controlled weekend testing approach adopted during this activity proved effective 
and would be recommended for similar future plant-wide alarm integration work on 
COMAH-regulated sites [19]. 
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6.6 DSEAR Inspection Results 

Five DSEAR detailed inspections were completed following installation, one per 
detection loop, in accordance with BS EN 60079-17 [11]. Inspection activities verified 
correct hazardous-area installation practices, equipment certification, cable 
segregation, and intrinsically safe wiring arrangements. 

All five inspections were recorded as satisfactory with no remedial actions raised. 
Completed inspection schedules are provided in Appendix C. 

6.7 System Performance 

Following commissioning, the SO₂ detection system has operated continuously without 
significant fault or interruption. No SO₂ release events have been recorded since 
commissioning and the system has remained operational throughout this period, 
providing continuous monitoring capability across all five detector locations. 

Historical trend data has remained stable during normal operation, with no evidence of 
nuisance alarms, signal instability, or abnormal detector drift observed during the initial 
operational period. 

The system provides continuous 24-hour monitoring of key activation kiln process 
areas, with live gas concentration data available to operators through the FoxView HMI. 
Operator feedback following training and familiarisation activities has been positive, 
with no additional guidance requests or operational concerns raised by plant 
personnel. 

The evacuation defeat key system has also functioned as intended, allowing 
maintenance activities to be completed without triggering unnecessary evacuation 
events. 

6.8 Discussion 

The commissioning and operational results demonstrate that the SO₂ detection and 
alarm monitoring system was implemented successfully and performs in accordance 
with the original design intent. Signal injection testing confirmed correct analogue 
scaling across all five detection loops, while bump-gas commissioning verified detector 
sensitivity and alarm functionality throughout the full operating range. 

The completed system directly addresses the problem identified in Chapter 1. Prior to 
installation, SO₂ releases within the activation kiln area could only be identified through 
operator presence, olfactory detection, or activation of personal portable monitors. The 
implemented system now provides continuous fixed monitoring with a graduated alarm 
response, consisting of local sounder and beacon activation at 1 ppm and automatic 
plant evacuation initiation at 2 ppm. 

Although the installed detector arrangement provides coverage of the highest-risk 
process areas, detector placement was influenced by project budget constraints and 
existing plant infrastructure. Additional detection points could further improve 
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monitoring coverage in less accessible areas and provide greater redundancy within the 
system. 

The decision to select the Crowcon Xgard Type 1 detector over the initially evaluated 
XgardIQ model was validated during commissioning. The selected detector performed 
reliably within the loop-powered intrinsically safe design and achieved successful 
calibration and alarm verification without remedial modification. 

The principal commissioning challenge arose during procurement when the initially 
supplied XgardIQ equipment was identified as incompatible with the intended loop-
powered intrinsically safe design. The revised solution using the Pepperl+Fuchs KFD0-
CS-Ex1.50P barrier was implemented successfully, although the issue resulted in a 
programme delay. This highlighted the importance of verifying equipment compatibility 
and loop architecture during the early stages of hazardous-area instrumentation 
projects. 

The evacuation alarm tie-in test presented an additional operational challenge due to 
the risk of unintended plant evacuation during live testing. Conducting testing during a 
planned weekend period of reduced occupancy minimised operational disruption and 
provided a controlled environment for verification of the evacuation interface. This 
approach proved effective and demonstrated the importance of operational planning 
when integrating safety systems within live COMAH-regulated process facilities. 

From a commercial perspective, the project was delivered within the approved CAPEX 
budget of £10,000, with a final installed cost of approximately £9,953. Cost savings 
achieved through appropriate equipment selection, utilisation of spare DCS 
infrastructure, and implementation of a loop-powered intrinsically safe design 
demonstrated that meaningful safety improvements can be delivered without excessive 
capital expenditure. 

Two areas for potential future development were identified during the project. The first 
would involve implementation of an automatic SO₂ isolation valve interlock configured 
to close the incoming SO₂ supply on confirmed alarm activation. The second would 
involve expansion of detector coverage into adjacent kiln process areas to further 
improve overall monitoring capability. 

6.9 Summary 
The commissioning and operational results presented in this chapter confirm that the 
SO₂ detection and alarm monitoring system performs in accordance with the original 
design objectives across all five detection loops. Signal scaling, alarm activation, fault 
detection, and bump-gas response were all verified successfully during 
commissioning. 

The completed system now provides continuous fixed monitoring of the activation kiln 
areas, representing a significant improvement in personnel safety and operational 
awareness within the SO₂ handling process areas at Vale Clydach Nickel Refinery. 
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7 Conclusions and Recommendations  
7.1 Project Conclusions 
The aim of this project was to design, implement, and commission a fixed SO₂ detection 
and alarm monitoring system for the activation kiln areas at Vale Clydach Nickel 
Refinery. Prior to implementation, detection of SO₂ releases within the kiln areas relied 
primarily on operator presence and portable gas monitoring equipment, creating the 
potential for delayed identification of hazardous gas release events. 

The completed system successfully achieved the original project objectives defined in 
Chapter 1. Five fixed SO₂ detectors were installed across the Kiln 1 and Kiln 2 activation 
areas and integrated into the existing Foxboro I/A Distributed Control System using 
intrinsically safe 4–20 mA analogue input loops. The system now provides continuous 
monitoring of key process locations, with live concentration indication, alarm 
annunciation, historical trending, and evacuation alarm integration available through 
the FoxView HMI. 

Commissioning activities confirmed correct signal scaling, alarm activation, fault 
detection, and evacuation alarm operation across all five detection loops. The 
implemented alarm philosophy operated as intended, with local sounder and beacon 
activation at 1 ppm and automatic plant evacuation alarm initiation at 2 ppm. 
Hazardous-area inspection activities additionally confirmed compliance with relevant 
DSEAR and intrinsically safe installation requirements. 

The project also demonstrated that meaningful improvements in plant safety can be 
achieved through effective use of existing infrastructure and carefully selected 
equipment. By utilising spare DCS analogue input capacity and implementing a loop-
powered intrinsically safe design, the completed system was delivered within the 
approved CAPEX budget while still meeting operational and safety requirements. 

Although the installed detector arrangement provides coverage of the highest-risk 
process areas, detector placement was influenced by project budget constraints and 
existing plant infrastructure. Additional detection points could further improve 
monitoring coverage in less accessible areas and provide greater redundancy within the 
system. 

Several challenges were encountered throughout the project, particularly during 
procurement and commissioning phases. The initial delivery of incompatible detector 
equipment highlighted the importance of equipment compatibility verification during 
specification and procurement activities. Integration and testing within a live COMAH-
regulated process environment additionally required careful planning and coordination 
with plant operations to ensure commissioning activities could be completed safely 
without unnecessary operational disruption [19]. 
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The project additionally demonstrated the importance of practical engineering 
problem-solving within a live industrial environment. Identifying a compatible loop-
powered intrinsically safe barrier solution for the proposed 4–20 mA architecture 
proved particularly challenging and required consultation with specialist 
manufacturers during the design phase. Successful integration of the system with the 
existing Foxboro DCS and plant evacuation infrastructure also highlighted the 
importance of planning, commissioning strategy, and coordination with operations 
personnel when implementing safety systems within a live process facility. 

Despite these challenges, the project was completed successfully and has provided a 
permanent fixed monitoring solution for SO₂ detection within the activation kiln areas. 
The system has improved operator awareness, reduced reliance on personnel-based 
gas detection, and introduced continuous monitoring and historical alarm trending 
capability within the process area. The project also demonstrated that meaningful 
improvements in industrial safety can be achieved through practical engineering 
design, effective use of existing infrastructure, and close coordination between 
engineering and operations teams. 

7.2 Recommendations and Development 
Although the implemented system achieved the original project objectives, several 
opportunities for future development were identified during commissioning and initial 
operation. 

The first recommendation would involve implementation of an automatic SO₂ isolation 
interlock configured to close the incoming SO₂ supply valve following confirmed 
elevated gas detection. This would provide an additional layer of protection by isolating 
the source of a release rather than relying solely on alarm annunciation and operator 
intervention, particularly during periods of reduced plant occupancy. 

A second recommendation would involve expansion of detector coverage into adjacent 
kiln process areas. Whilst the current installation provides monitoring at the highest-
risk release locations, additional detectors could further improve overall monitoring 
capability and system redundancy within the wider process environment. 

As additional operational trend data becomes available over time, future analysis of 
detector history may also assist in identifying recurring low-level release conditions, 
process faults, or maintenance issues within the SO₂ distribution system. 

Periodic proof testing, calibration verification, and continued operator familiarisation 
should remain part of the long-term maintenance strategy to ensure continued system 
reliability and compliance with hazardous-area and plant safety requirements. 
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7.3 Final Project Outcome 
This project successfully delivered a fully operational fixed SO₂ detection and alarm 
monitoring system integrated within a live industrial process environment. The project 
involved the complete engineering lifecycle, including design, hazardous-area 
verification, installation, DCS integration, commissioning, and operator training. 

The completed system now provides continuous monitoring and improved protection 
for personnel working within the activation kiln areas at Vale Clydach Nickel Refinery, 
while also demonstrating the practical application of hazardous-area instrumentation, 
process safety engineering, and industrial control system integration within a real plant 
environment. 
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8 Reflection 
8.1 Introduction 

This project represented the most comprehensive engineering undertaking completed 
to date in a professional capacity. Whilst the project did not represent a first exposure 
to industrial engineering practice, it involved a significantly greater level of 
responsibility for complete project delivery than previously experienced. The project 
required management of the full engineering lifecycle within a live COMAH-regulated 
process environment, from initial concept and CAPEX justification through design, 
procurement, installation, commissioning, regulatory inspection, documentation, and 
operator training. 

The experience developed both technical and professional competencies across 
multiple engineering disciplines and provided practical exposure to the responsibilities 
associated with leading a safety-critical project within a live industrial environment. 

8.2 Technical and Professional Development 
The project significantly developed my understanding of intrinsically safe system design 
and hazardous-area engineering. The IS loop design and entity parameter verification 
process required detailed understanding of the relationship between barrier 
parameters, field device certification limits, cable characteristics, and hazardous-area 
installation requirements. Producing and verifying the entity parameter calculations as 
the responsible engineer, rather than relying on third-party verification, represented a 
significant development in technical competency and engineering confidence. 

One of the most valuable technical learning experiences involved identifying a 
compatible loop-powered intrinsically safe barrier solution for the proposed 4–20 mA 
architecture. Resolving the issue required consultation with specialist manufacturers 
and highlighted the importance of practical problem-solving and technical verification 
during hazardous-area system design. 

Working directly to the requirements of DSEAR [6], COSHH [5], and COMAH [4] 
throughout the project also developed a broader understanding of how legislation and 
engineering design interact within a live industrial process environment. Rather than 
existing purely as compliance documentation, these requirements became active 
design considerations influencing equipment selection, installation methods, testing 
arrangements, and commissioning activities. 

The project additionally provided practical application of existing COMPEX 
competencies through completion of DSEAR detailed inspections following installation. 
Carrying out the inspections as the competent person reinforced the importance of 
installation quality, documentation accuracy, and regulatory compliance within 
hazardous-area instrumentation projects. 

Beyond the technical aspects, the project developed broader project engineering skills. 
Coordination of installation contractors, communication with the Crowcon 
commissioning engineer and Schneider Electric systems support, scheduling 
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commissioning activities around plant operational constraints, and delivering operator 
training across multiple shift groups all required planning, communication, and 
organisation in addition to technical engineering capability. Presenting the completed 
system and HMI functionality directly to plant operators also developed confidence in 
communicating technical information within an operational environment. 

The project also improved confidence in producing formal engineering documentation. 
Translating practical engineering work into structured technical reports, commissioning 
records, drawings, and training documentation proved more challenging than the 
physical installation activities themselves. Developing the documentation required 
clear communication of technical information to both specialist and non-specialist 
personnel and reinforced the importance of accurate engineering records within safety-
critical projects. 

8.3 Challenges and Lessons Learned 
Several challenges encountered throughout the project provided valuable learning 
opportunities. One of the principal issues arose during procurement when the initially 
supplied Crowcon XgardIQ detectors were identified as incompatible with the intended 
loop-powered intrinsically safe design. Following detailed technical review and 
manufacturer consultation, the detectors were returned and replaced with the Xgard 
Type 1, which proved suitable for the final installation. 

Although the issue was resolved successfully, the experience highlighted the 
importance of detailed equipment compatibility verification during specification and 
procurement stages, particularly where intrinsically safe systems are involved. 
Identifying the issue before final installation prevented significantly greater cost and 
programme impact later in the project lifecycle. 

A further challenge involved commissioning and integration of the plant evacuation 
alarm interface within a live operating plant. The potential consequences of incorrect 
wiring or unintended evacuation created additional pressure during final tie-in and 
commissioning activities. Careful planning, use of offline simulation testing, and 
controlled weekend commissioning arrangements proved essential in reducing 
operational risk during this stage of the project. 

Carrying out live testing of the evacuation alarm interface within an operational plant 
environment also reinforced the importance of commissioning strategy and risk 
control. The requirement to coordinate testing during a low-occupancy weekend period 
demonstrated the operational challenges associated with modifying safety-critical 
systems within live process facilities. 

The project also reinforced the importance of early coordination between all 
stakeholders involved in a project. Managing the installation programme around plant 
operational requirements, contractor availability, commissioning schedules, and live 
process constraints demonstrated that successful project delivery depends as much 
on planning and communication as technical design itself. The use of a structured 
project programme and Gantt scheduling approach proved particularly valuable in 
coordinating activities and maintaining progress during installation and commissioning 
phases. 
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8.4 Future Professional Development 
This project strengthened confidence in managing multidisciplinary engineering work 
within a live industrial environment and reinforced an interest in project engineering 
within the process and hazardous-area industries. The experience of leading a project 
from initial concept through to operational handover provided practical understanding 
of the responsibilities associated with engineering decision-making, particularly where 
personnel safety and plant operation are directly affected. 

The project also identified areas for continued professional development. Greater 
familiarity with Foxboro DCS compound block configuration and graphics development 
at the outset would have improved efficiency during the control system implementation 
phase. Continued development within industrial control systems and process safety 
engineering would therefore be beneficial for future projects of a similar nature. 

Successfully delivering a fully operational SO₂ detection system from concept through 
to commissioning significantly strengthened both technical confidence and 
professional capability within industrial project engineering. 
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10   Appendices 
 

The appendices provide supporting documentation for the project, including 
calculations, technical drawings, system data, and additional materials referenced 
throughout the report. These documents support the design, implementation, and 
validation of the SO₂ detection system and are included separately to maintain clarity 
within the main body of the report. 

 

APPENDIX A: Intrinsically Safe Loop Calculations 
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APPENDIX B: AutoCAD Loop Drawings 
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APPENDIX C: DSEAR Inspection Schedule 
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