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1. [bookmark: _Toc227762217]Introduction
The Work‑Based Group Project was undertaken as part of a multidisciplinary team, tasked with developing a viable design solution for safe and effective mine clearance. This report captures the role, actions, and work undertaken by the Safety Lead. The Safety Lead role comes with responsibility for both product and manufacturing/process safety considerations across the design lifecycle.
The objective of the project was to produce a design that satisfied a defined capability requirement [1] while remaining compliant with relevant legislative, safety, manufacturing, qualification, and disposal constraints. Success depended on technical performance and the team’s ability to collaborate, identify risks, and make informed decisions in the presence of competing priorities.
The Safety Lead focuses on ensuring that hazards associated with the energetic componentry and its associated manufacturing and handling processes were identified, assessed, and mitigated. This involved providing safety input during concept generation and selection, advising on process hazards during manufacture, and supporting the team in developing a design that could be justified As Low As Reasonably Practicable (ALARP) while remaining fit for purpose.
This report outlines how the safety role interacted with other functions within the team, how decisions were communicated and agreed, and how safety considerations influenced the final design outcome. It also includes a reflective review to evaluate what worked well, what didn’t, and how both individual and team could be improved in the future.
[bookmark: _Toc227762218]Literature Review
[bookmark: _Toc227762219]Regulatory Framework
The design, manufacture, and handling of OME are governed by a well‑established regulatory framework intended to protect personnel, infrastructure, and the wider environment, some of which deemed relevant to this project are listed as follows:
· Def Stan 00-56 – Safety Management Requirements for Defence Systems
· Def Stan 00-970 – Design and Airworthiness Requirements for Service Aircraft
· Def Stan 07-85 – Design Requirements for Weapons Associated Systems
· JSP 520 – Defence Ordnance, Munitions, and Explosives Safety and Environmental Management Policy
· STANAG 4671 – Unmanned Aircraft Systems Airworthiness Requirements (USAR)
· STANAG 4170 – Principles and Methodology for the Qualification of Explosive Materials 
· STANAG 2036 – Land Mine Laying, Marking, Recording, and Reporting Procedures
· STANAG 2897 – Explosive Ordnance Equipment Requirements and Equipment 
Core guidance documents within, for example, the JSP suite, are supported by recognised explosive safety principles and international standards. These establish mandatory requirements for hazard identification, risk management, and safety justification throughout the life cycle of an explosive system.
Key regulatory themes include:
· Hazard identification
· Safety through design
· Clear ownership of residual risk
· Demonstrable risk reduction to ALARP
· Traceability between hazards, controls, and design decisions
These principles directly informed the safety approach which was adopted during the project. Rather than treating safety as a compliance activity applied after design maturity, the regulatory framework reinforced the need to integrate safety considerations from the earliest concept stages. This approach shaped the acceptable design envelope and restricted certain options that were potentially positive from a performance perspective but posed disproportionate safety or regulatory challenges [2].
[bookmark: _Toc227762220]Product Safety
Product safety literature for energetic materials as [3] places a strong emphasis on risk reduction, where hazards are mitigated at source through design choices rather than relying solely on procedural controls. Common themes include minimisation of sensitivity to external stimuli and tolerance to abnormal environmental or operational handling conditions .
These principles influenced the team’s approach to design and material selection, energetic arrangement, and the inclusion of safety‑critical features. From a safety perspective, preference was given to solutions that reduced sensitivity, electrostatic discharge (ESD), or thermal input, even if this introduced minor trade‑offs in performance, complexity, and cost. This bias toward inherent safety enabled a more robust overall design and simplified downstream safety justification. This required collaboration with the Research and Development Lead to ensure that risks were reduced at source. 
[bookmark: _Toc227762221]Process/Manufacturing safety
Process safety literature highlights that a significant proportion of accidents involving explosives occur during manufacture, processing, or handling rather than during operational use [4]. Key hazards include ignition sources, friction, impact, confinement effects, and human to machine interfaces.
As a result, manufacturing safety considerations imposed additional constraints on:
· Acceptable process routes
· Component tolerances
· Sequence of operations
· Environmental controls
· Levels of human involvement
These constraints influenced design decisions and required collaboration with the Manufacturing Lead to ensure that mitigations were effective and realistic. 
[bookmark: _Toc227762222]Safety Framework
The Safety Lead role within the project was to ensure that hazards associated with both the energetic component and its manufacturing processes were identified, analysed, and controlled. This required early engagement with the design team to influence concept selection, rather than reactive changes once key decisions had been decided.
Key outputs from the safety role included:
· Identification of safety‑critical hazards
· Development of coherent risk arguments
· Definition of safety‑driven design requirements
· Recommendation of risk mitigation strategies
· Clear articulation of residual risk and ownership
Failure to adequately perform this role would have increased the likelihood of unsafe or regulatory non‑compliance, potentially resulting in unacceptable risk during manufacture, testing, or operational use.
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The Safety Lead role involved identifying hazards to help shape decision‑making across the project. This required an understanding of explosive safety principles and how safety constraints interacted with performance, manufacturability, and qualification requirements.
The role acted as a technical advisor, risk challenger, and facilitator, ensuring that safety considerations were presented clearly. This approach as shown in [Figure 1] allowed safety to be integrated as an engineering consideration rather than an obstacle to progress. 


[bookmark: _Ref227750739][bookmark: _Ref227750736]Figure 1 - Hazard Cause Chain diagram
[bookmark: _Toc227762224]Communication and Interaction
Effective delivery of the safety function depended heavily on regular interaction with other team roles, particularly Research and Development and Manufacturing. Communication occurred primarily through scheduled meetings, conducted both in person, and interactively. This was supported by shared documentation.
Safety concerns were communicated using structured hazard‑risk arguments. The relationship between initiation events, hazardous outcomes, and applied controls is illustrated in [Figure 2] with an example of a hazard risk argument found in [Table 1]. 


[bookmark: _Ref227751037]Figure 2 - Safety Integration diagram
	Element
	Description

	Hazard ID
	n/a

	Hazard Description
	Inadvertent initiation of energetic during assembly due to ESD

	Context
	Manual assembly of energetic charge within a manufacturing environment requiring close human interaction. 

	Credible Event
	Static accumulation within personnel
Static discharge handling materials

	Hazardous Event
	Static charge transfers sufficient energy to initiate energetics

	Consequence
	· Serious injury
· Fatality 
· Damage to Facilities/Equipment
· Programme delays

	Severity
	High (pre mitigation)

	Risk
	Medium High

	Controls
	Design
· Use of reduced sensitivity energetic
· Part of final assembly (limiting interaction times)
Process
· Grounded work area
· ESD tooling
· Humidity controls
Procedural
· Training
· PPE
· Safe systems of work (SSOW)

	Residual Risk
	Low

	ALARP statement 
	Risk reduced through inherent design and engineering controls. Further reduction assessed as grossly disproportionate to risk reduction achieved. 


[bookmark: _Ref227743703]Table 1 - Hazard Risk Argument example
Where high impact risks were identified, mitigations were proposed and evaluated collaboratively. This resulted in design changes that reduced performance but improved safety margins and manufacturability. These decisions were reached through consensus, with the safety role providing clear justification.
[bookmark: _Toc227762225]Safety Requirements
Analysis of the operational brief identified several safety requirements that were not explicitly stated by the customer but are necessary to ensure safe, legal, and effective operation.
[bookmark: _Toc227762226]Operational Environment
· The system shall be capable of safe operation in arid, dusty desert environments, including steep‑walled passes, without degradation of safety critical performance. Rationale: The operating environment includes desert terrain and confined passes, which introduce dust ingress, limited manoeuvrability, and constrained retreat options.
· The system shall not rely on air support or aerial deployment for safe operation. Rationale: Persistent MANPAD threats preclude helicopter use, making ground only operation a safety constraint.
[bookmark: _Toc227762227]Platform
· The system shall be transportable, deployable, and operable from light vehicles (Land Rover or HiLux pickup) without the use of heavy transporters. Rationale: Heavy vehicle transport is unavailable due to equipment limitations and mechanical reliability concerns, introducing unacceptable operational risk.
· The system shall not impose loads or dynamic effects that compromise the stability or safety of light vehicle platforms during deployment or operation. Rationale: Ensuring vehicle stability is critical in confined terrain and prevents secondary accidents during mine clearance operations.
[bookmark: _Toc227762228]Explosive and Hazard
· The system shall minimise the quantity of energetic material carried and deployed at forward locations. Rationale: Concerns regarding misfire, capture, and exploitation of explosives by hostile forces restrict the acceptable use of large explosive systems.
· The system shall be tolerant of small‑arms fire and fragmentation such that inadvertent initiation or hazardous failure does not occur. Rationale: The route is in a contested environment, and perceived vulnerability to bullet or fragment attack has already driven system exclusion.
[bookmark: _Toc227762229]Personnel
· The system shall enable mine detection, clearance, and marking with minimal exposure of personnel to mined areas. Rationale: Time critical operations and humanitarian context demand reduced risk to operators during clearance activities.
· The system shall provide clear marking of cleared routes to prevent inadvertent entry into uncleared or partially cleared areas. Rationale: Subsequent civilian convoys must be able to transit safely without specialist knowledge or equipment.
[bookmark: _Toc227762230]Humanitarian and Civilian 
· The system shall produce a cleared route that is safe for repeated use by non‑specialist civilian vehicles following initial clearance operations. Rationale: The route must remain safe for ongoing medical resupply operations beyond the initial convoy.
· The system shall avoid the use of techniques that generate excessive unexploded hazards or residual risk to the local population. Rationale: The indigenous population lacks specialist mobility or clearance capabilities, increasing long‑term risk if residual hazards remain.
[bookmark: _Toc227762231]Time and Reliability
· The system shall prioritise predictable, repeatable, and robust operation over maximum clearance performance where failure could result in unsafe delays. Rationale: Time on task is critical, and system failure in confined terrain presents a significant safety hazard.
· The system shall fail to a safe state in the event of mechanical, energetic, or control system malfunction. Rationale: Confined terrain and hostile conditions limit recovery options, making safe failure essential.
[bookmark: _Toc227762232]Safety Contribution 
[bookmark: _Toc227762233]Hazard Identification
Structured hazard identification identified key hazards associated with both the energetic content and the proposed manufacturing processes. Primary hazards included:
· Inadvertent initiation during handling or assembly
· Ignition through ESD
· Thermal input 
[bookmark: _Toc227762234]Risk Evaluation
Each hazard was assessed in terms of likelihood and consequence, taking account of proposed design features and process controls. This allowed prioritisation of those risks requiring design‑level mitigation rather than procedural management.
[bookmark: _Toc227762235]Mitigations 
Multiple mitigations were developed and assessed, including:
· Design changes to reduce sensitivity
· Physical separation during processing
· Environmental and equipment controls
· Procedural and training 
Some options offered significant risk reduction but introduced manufacturing complexity. These trade‑offs were openly discussed within the team.
[bookmark: _Toc227762236]Decision Justification and Residual Risk
The adopted approach focused on inherent risk reduction where practicable, supplemented by procedural controls where design changes were not feasible. Residual risks were explicitly acknowledged and allocated ownership, supporting a defensible ALARP position within the system safety case, consistent with established safety principles [5].
[bookmark: _Toc227762237]Safety Analysis
The implemented safety measures provided a robust basis, but several assumptions remained that would require validation:
· Manufacturing process safety controls require verification through representative trials
· Product safety characteristics require confirmation through sensitivity and environmental testing
· Human factors considerations require further assessment in a production environment
Early identification of these evidence gaps supports effective planning for qualification and reduces risk of late‑stage design changes.
[bookmark: _Toc227762238]Reflection
[bookmark: _Toc227762239]What Went Well
· Early integration of safety into concept development
· Effective communication
· Constructive collaboration with R&D and Manufacturing leads
· Clear ownership
[bookmark: _Toc227762240]What Didn’t
· Limited time constrained the depth of quantitative analysis
· Safety issues emerged later than intended as the group began to populate the systems engineering toolset
· Differing subjective opinions for design features, primarily driven from the poor set of customer requirements
[bookmark: _Toc227762241]Lessons Learned and Improvement Opportunities
Future projects would benefit from:
· Customer requirements 
· Relationship with the Customer enabling 2-way discussions 
· More prescriptive Operational requirements 
· Earlier formal hazard workshops
· Clearer definition of safety assumptions
· Improved use of risk tools
[bookmark: _Toc227762242]Conclusions
The safety role made a significant contribution to the success of the group project by ensuring that hazards were identified from the outset, risks were managed proportionately, and safety considerations were integrated into design decisions. Close collaboration with other roles enabled balance between safety, performance, and manufacturability.
It is recommended that future project phases maintain this integrated safety approach and prioritise early test and evaluation type activities to validate safety assumptions.
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