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1. [bookmark: _Toc229396843]Introduction to the brief
The Work Based Group Project ran alongside the Level 5 Systems Engineering module, where the group developed a solution to a case study using a series of established System Engineering tools. The design brief was to design a system for detecting and defeating mines for a particular scenario under many design constraints.
Each member of the team was expected to take on a particular role within the team and develop solutions to the OME problem given according to the viewpoint of the role selected. The team focused on the design consisted of Technology, Research and Development (TR&D), Manufacturing, Product Safety, Environmental Safety, Test and Evaluation, and Breakdown and Disposal. This report shall focus on Environmental Safety



2. [bookmark: _Toc229396844]Design Project Management
The semester was structured with a pair of two-week study blocks at UWTSD broken up with a three-week gap in-between.  During the study blocks, Tuesday, Wednesday, and Thursday mornings were taken up with lectures, but the afternoons were blocked out for working on the project where the group would meet for several hours. 
Fridays were unique, each of the four groups had an allotted 45-minute time slot where they would discuss the progress of the project with the course supervisors and raise and queries or questions they would like to discuss. Due to this team being the third group, there was time in the morning before the meeting to further the project with several of the members that arrived early.
In the interim period between blocks, the group organised to meet via Microsoft Teams to progress the design. Again, several of the team members would progress the project with a short synopsis of the achievements posted to the created groups team page for archival purposes and to ask for input and advancement from any absent team members. 
The structure of the final week was different, with no regular lectures planned. Thursday was the day of the presentation, with Tuesday and Wednesday blocked out entirely to finish the project and practice the presentation. The group met on the Tuesday with a first completed draft of their slides for the presentation that had been completed over the weekend. The slides were peer reviewed and feedback was given to complete a final draft for a practice presentation the following day. A unified visual theme was also adopted at this point.


3. [bookmark: _Toc229396845]Environmental Safety
The Environmental Safety requirements were identified as:
· The system must not cause unnecessary harm to the environment
· The system should conform to Defence Land Safety and Environmental Regulations (DLSR) [1]
The DLSR is the Health Safety & Environmental Protection regulation for Defence Land Domain. The DLSR is constituted of six parts (of which only five are relevant to this system):
100 Series – Defence Land Safety and Environmental Regulations
200 Series – Adventurous Training and Sport Safety and Environmental Regulations
300 Series – Fuel and Gas Safety and Environmental Regulations
400 Series – Land Systems Safety and Environmental Regulations
500 Series – Movement and Transport Safety and Environmental Regulations
600 Series – Land System Certification Regulations
In support of the regulations the relevant identified environmental safety legislation:
· Health and Safety at Work etc. Act 1974 [2]
· Environmental Protection Act 1990 [3]
· Environment Act 2021 [4]
· Wildlife and Countryside Act 1981 [5]
A Safety and Environmental Management System (SEMS) would need constructing for the purpose of protecting workers from accidents, injuries, and health hazards, to prevent environmental damage, such as pollutions or spills, and to ensure compliance with safety and environmental regulations.
In support of the SEMS, a Safety and Environmental Management Plan (SEMP) will be created. The SEMP documents how the SEMS is to be applied to the system and is used to set out and record the safety and environmental management arrangements for the system.
The SEMP should include;
a. a high-level description of the system;
b. key safety and environmental requirements;
c. applicable legislation;
d. tolerability criteria;
e. risk management processes, including the definition of applicable methodologies for
example, hazard identification and analysis techniques;
f. the identification of tools for example, hazard log tool, hazard analysis tools,
environmental features matrix tool etcetera;
g. the safety and environmental programme;
h. the audit plan;
i. a list of deliverables.
Fuel and gas storage represents significant risks in terms of HS&EP. To be certified as fit for continued operation, it must be demonstratable that there are systems in place to identify and adequately control these risks.
The F&G Fuel and Gas Safety Assurance Assessment (FGSAA)[6] seeks to verify that the unit has arrangements in place, and that fuel and gas hazards are correctly identified and controlled within the scope of that SEMS.
The FGSAA typically examines six types of risk assessment (risk assessments are covered in greater detail in F&G regulations 301 and 302):
a. site hazard survey / risk assessment;
b. environmental risk assessment (also known as environmental aspects and impacts);
c. activity risk assessment;
d. Control of Substances Hazardous to Health risk assessment;
e. the Dangerous Substances Explosive Atmosphere Regulations (DSEAR) risk assessment;
f. lightning risk assessment.
The key environmental hazards were identified with accompanying mitigations:
1. Diesel Fuel 
· Fire, Explosion, Health Hazard, Pollution
· Safe Storage at the Forward Operating Base, FGSAA, Store in an EN590 container
2. Detritus 
· Marking System, Disposed Rake
· Clean-up crew
· Disposal-safe design
3. Drone Battery 
· Fire, Toxic
· Rechargeability, Fire-proof storage, Safe disposal, Suitable firefighting equipment
4. Light & Noise Pollution
·  Headlamp/Safety Lights, Operation Siren
· Low intensity lights, Low noise reversing alarm, Warm colour spectrum

[bookmark: _Toc229396846]4.Presentation
The presentation was 45 minutes long, broken up into five sections with a period of questions and answers at the end. The sections were:
· Technology, Research and Development (TR&D)
· Manufacturing
· Safety
· Test and Evaluation
· Breakdown and Disposal
Each team member presented one of the sections by themselves, having designed the relevant slides, except for Safety as that was split into Product Safety and Environmental Safety, designed and presented by a different member of the team.
The presentation consisted of 73 slides, with an additional 20 slides of additional information removed from the main presentation but held in reserve in anticipation of relevant questions.
TR&D served as the introduction and gave an outline to the problem, then environment and threats encountered. The statement of need was addressed, and the early stages of the teams group work were recounted.
The final proposal of the design for trials was then revealed, and the functionality was explained alongside 3D renders of a prototype. The audience was guided through each aspect of the design, and how the launching system, the rake system, and the drone system interact with each other to detect and defeat mines.
The presenter then discussed how the group came to the final design from concepts and the admitted risks identified with the design.
Manufacturing began with the scope, the manufacturing requirements and how those requirements were prioritised. Different options around manufacturing were presented. The processing plan was announced which described the methods used for manufacturing and the processing techniques.
The commissioning plan was discussed; how the process was to initially exist at a small-scale facility to confirm feasibility before acceptance testing and handing over to production. The process control plan for the explosives blending was given, and details of the tolerance, frequency, and control methods and measures were shared. The Process Failure Means Evaluation and Analysis was also described.
The Safety section began with Product Safety where the presenter outlined the key aspects as to why safety is required and the requirements to achieve safety. They covered the explosive safety legislation and regulation, and identified Key Hazards by using a Hazard ID.
The processes of safety were discussed, how legislation creates the law and how regulation is how you apply that law. General safety mitigations were presented, such as safe by design or utilising safe distances, before detailing the particular safety features of the system being presented by the group.
The presentation moved on to Environmental Safety. The basics of safety had already been discussed, so only the key points related to environmental safety were expanded upon. Environmental safety is a legal requirement as operators are tasked with the protection of human health alongside the environment as explosive materials are chronic hazards leading to delayed, cumulative and often permeant health issues like cancers or organ damage.
The requirements for environmental safety were given and the regulation and supporting legislation was listed. Key environmental hazards of the system were identified.
The purpose of the SEMS was outlined alongside the twelve safety and environmental elements that it should cover. In support of the SEMS a SEMP would also need creating. The necessity for a FGSAA was covered and an example of a relevant safety data sheet was provided. The relevant mitigations employed by the system to the identified key hazards were discussed.
The Test and Evaluation section began with why it is performed for functionality, safety, and manufacturing. A general case of how functionality is demonstrated followed, leading into an overview of the anatomy of a testing schedule, from design simulation, into component testing, sub-subsystem testing, subsystem testing, and system testing. Testing for safety was discussed, how the design is safe to transport, any climactic testing required, and nay misfire resolution needed. Finally, the section ended with communication of trials results, speaking about the performance results, failure rates, conditions during tests, and any other observations.
Breakdown and Disposal closed off the presentation, discussing disposal factors and techniques. An in-depth walkthrough of how the disposal process is controlled with various aspects of the energetics of the system and any waste involved. Critical analysis of disposal design data was covered and how feedback from breakdown and disposal feeds back into the design process. An outline of a Preparation of the Waste Stream Management plan lead into the Q&A.

[bookmark: _Toc229396847]5.Feedback from presentation
The group was given feedback on the presentation by the assessors present; this feedback was split into general feedback for the group and specific feedback for the individual.
The feedback for the group is as follows:
The presentation demonstrated a suitably professional appearance, with a simplistic yet effective design and a strong use of visuals to support audience engagement. However, some slides used background and text colour combinations with insufficient contrast, making the content difficult to read from afar. Greater consistency in contrast, like that used on stronger slides, would improve accessibility and readability.
A significant number of acronyms were used throughout the presentation. Whilst these may be familiar to subject matter experts, it is important to consider that some audience members may need these terms explaining.
Some slides contained an excessive amount of text making the content difficult or impossible for the audience to read during the presentation. Practising delivery from the back of a large room prior to presenting could help identify readability issues.
It would also be beneficial to include a reference slide to show that the information presented came from somewhere legitimate. 
Individual feedback on the presentation of the Environmental Safety section is as follows:
The presentation on environmental safety was delivered at a good pace overall, although the presentation began quite quiet, this improved as the presentation progressed. 
Delivery relied quite heavily on reading from the slides, with much of the presentation directed towards the screen rather than the audience. This may unintentionally give the impression of being unfamiliar with the material, even when this may not be the case. In future presentations, ensure the audience is faced to avoid this in the future. Body language was reasonably open, but again this would be better with the aforementioned adjustments. The content itself demonstrated a solid understanding of environmental safety considerations. Relevant legislation was accurately identified, and effectively highlighted, key environmental hazards were clearly explained, and the mitigation measures prosed were both realistic and appropriate to the scenarios discussed.

[bookmark: _Toc229396848]6.Potential design changes
The system served a purpose of being cheap and easy to use. It achieved the brief. However, the design was much held back by the stipulation in the brief that it must be transportable by light vehicle. Modern nations conduct mine clearing operations from armoured vehicles for safety, something that was out of scope for this design. As such the system had to rely on safe distances from explosives to keep the operators safe. This was mainly achieved using a drone system for detection and confirmation, whereas realistically the rake may be unnecessary and the entire operation could just have been conducted with a swam of drones making the rest of the design obsolete.


[bookmark: _Toc229396849]7.Reflections
The presentation was given with the understanding that the audience members were subject matter experts or at least within the field of Ordnance, Munitions and Explosives (OME), even in such a case it should be ensured that all abbreviations are explained.
Although a theme was adopted that was commonly used across all slides, it was implemented slightly differently between each member of the group. This resulted in some slides being very text heavy or using insufficient contrast in some places. A final pass over the formatting of the presentation to cement a unified look would have brought some of the weaker visual aspects of some slides in line to those that were greatly praised by the assessors.
A presentation hinges on the presenter’s public speaking ability. The presentation should be given to the audience, not read to. It is important to remember that the slides are used as a visual aid for the conversation being given by the presenter and the audience and not relied upon to impart the knowledge.
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600 Series — Land System Certification
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Fuel and Gas Risk Assessments
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Regulations

* TheWaste Electrical and Electronic Equipment (WEEE) Regulations 2013
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Statement of Need

Key points derived from customer brief

« Apersistent ground to air MANPAD threat makes
helicopter use too risky.

« Time on the operation is critical. The emphasis is on a
rapid move in, clear the objects and move on.

+ Use of Mine Clearing Line Charge requested to be
avoided.

« Issue with transporting heavy vehicles to the location.

« Design a portable (Land Rover or Hi-Lux) mine
detection, clearing and marking system to ensure safe
passage for this and future convoys.
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Critical Requirement

Pairwise result

Critical Requirements

The system must not harm or kill any persons.

The system shall always detect buried mines up to a depth of

15cm.

The system shall a s detect buried mines within a
horizontal distance of 30cm.

The system shall mark the area cleared of mines.

The system shall defeat every mine in the desired area.
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Current mine clearing methods
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Proposal of design for trials
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Drone System
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Rocket Rake Risks
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Critical Features — RDX Booster Pellet
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Manufacturing
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Manufacturing Requirements
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Manufacturing Requirements - Prioritisation
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Manufacturing Options
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Processing Plan — Booster Pellet Pressing
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Critical Noises & Controls
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Process Control Plan
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Process Failure Means Evaluation and Analysis
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Product Safety — why?
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Safety Requirements
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Explosives Safety
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Safety Processes

Haz ID Hazard PossibleAccident  Possible Causes Severity  Likelihood
Control ID
HAZ-001 Vehicle Movement  Major Injury Crushing during 4-Major  C-Possible  CTRL-001
manoeuvring; poor
visibility; reversing
ermors
MinorInjury Tripping nearvehicle; 2-Minor B~ Likely
small bumps or
impacts from moving
parts
D Hazard GuideWord Deviation Cause Consequence  Controls ~ Recommendations S L R Action Comments
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loss
Control ID Control Description

Vehicle Movement Controls:
Use of trained, certified operators; installation of 360-degree proximity sensors; clear vehicle movementzones

gtcol marked in FOB; use of spotters; lights during reversing. Training in vehicle handling and use of safety PPE (Hi-
Vis).
Hazard ID Hazard Description Pre-Control Risk Estimate (S xL) Controls & Mitigations Post-Control Risk Estimats (S xL)
CTRL-001 - Certified operators,
HAZ001  HeavyVehicle Movement 4-Major x C—Possible = High reversing alarms, proximity sensors, 4 - Major * E—Rare = Medium

PPE
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Basis of Safety
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Environmental Safety — why?
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Environmental Safety Requirements
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Key Environmental Hazards
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Safety and Environmental Management System (SEMS)

* Purpose

* Protect Workers from accidents,
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Safety and Environmental Management Plan (SEMP)

* Documents how the SEMS is to be
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* Set out and record the safety and
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Fuel and Gas Safety Assurance Assessment (FGSAA)

* Examines six types of risk
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« Site hazard survey / risk assessment
¢ Environmental risk assessment
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Environmental Protection

To uphold the regulatory intent there is a requirement for a Defence
regulation to make sure that Defence Land Domain activities do
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* unnecessary damage to the environment and eco-systems

* Damage to the environment causing harmful health effects to humans
and wildlife

* Environmental legal action including fines and compensation
* Complaints from local populations and reputational damage to the MOD
* The spread of invasive and alien specie within the UK and overseas
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* ‘One of the main causes of accidents in
the explosives industry is the disposal of
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Critical analysis of disposal design data
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Feedback into the design process
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Preparation of the waste stream management plan
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Process Means Importance
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IMAS demolition distance
R=444(AUW)1/6R

~690 m for 10kg anti tank mine

Estimation of explosion danger areas - International Mine
Action Standards: IMAS

Table 3. Blast Injury Pressure Versus

Where:

Z=scaled distance
R=range from explosion
W=TNT equivalent mass

P(R w
()“F

Where:

P=peak overpressure
R=distance

W= charge weight
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Kingery-Bulmash curves are empirical, but acommonly used
approximation

Where:

Ppear =peak overpressure (kPa)

Z=scaled distance

Draft force for sandy soil tools is often roughly (apparently):
F ~ 1-3 kN/m x depth(m)

Gives around 200N to 600N
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