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Abstract
Disposal of munitions systems at the end of their lifecycle is a crucial step to consider and develop during the design phase of Ordinance Munitions and Explosives (OME) systems. Communication between the various teams involved in the system development is crucial to design a munition that has end of life disposal in mind when making requirements for the other teams such as manufacture, Research and Development (R&D) and safety. Various communication techniques and mediums are evaluated and commented on in order to achieve effective and productive discourse used to achieve a successful system that meets customer requirements.
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[bookmark: _Toc200449655]I – Introduction
Concerning the development of a munition that met the requirements of the customer, the disposal phase of the CADMID Cycle (Concept, Assessment, Demonstration, Manufacture, In-Service and Disposal) [1] was the role taken on and investigated by the author of this paper in order to achieve the requirements of the customer and all identified stakeholders. The customer requirement was to develop ‘an explosive device capable of neutralising a hostile communications centre, housed in a room within the second floor of an office block building. The design should be capable of accurate delivery into the room from a distance of at least 100m and the effect event should be such that collateral damage to the adjacent rooms is minimised’.

Using the toolset and methods along a Systems Engineering approach, a reliable and robust solution was developed in collaboration with other roles involved in the project using a variety of teamwork and communication methods which resulted in the successful conception of a munition that met all requirements. These other roles involved manufacture, safety by manufacture, Research and Development (R&D), test and evaluation, and safety by design. The disposal team liaised with and collaborated with each of these other teams in order to take into consideration the optimal method of breaking down and disposing of the final product. Input from the disposal team was also used by other teams to influence their design in order to accommodate more convenient method of disposal. 

The result of the project was therefore a product of collaboration and co-operation between the various teams involved. Stakeholder requirements were met because each team worked together to discuss the optimal solution to a problem and any problems or concerns were openly discussed so that the system developed in a way that was satisfactory to all teams involved while remaining true to customer requirements. 

The main objective of the disposal team was to come up with a suitable method to dispose of the finalised system which was effective, safe, and minimised adverse effects on the environment while meeting stakeholder requirements. A systems engineering approach was used to gather the main stakeholders and their requirements as well as prioritising them. Solutions were then developed to meet priority requirements and where issues arose from these solutions, alternatives were derived, or solutions were amended. 

[bookmark: _Toc200449656]II – Identifying Customer Requirements
Before a solution on the subject of disposal could be developed, a system to be disposed of had to be developed first. The first step was to identify the stakeholders involved and their respective requirements as this would shape the direction of the project in its initial development and through the development process [2]. 

A stakeholder influence map was used to visualise and better understand the relationship between stakeholders and make deriving requirements easier. Properly understanding the needs of each stakeholder is the first step to creating a solid foundation on which a robust and reliable system is built. 

[image: A diagram of a company

AI-generated content may be incorrect.]
[bookmark: _Toc200449628]Figure 1: Stakeholder Influence Map

During the initial stages of the project, processes such as identifying stakeholders, gathering requirements, and developing the project into a cohesive proposal, the various teams worked in unison, partaking in roundtable meetings. A roundtable meeting is a style of informal meeting where various industry partners are gathered to provide inputs to project development on equal terms. These meetings involve large presentations from professionals but rather focus on having productive discussions where propositions and objections can be openly aired [3].

This method of communication allowed the disposal team to air propositions and objections regarding what the project be in its final stage in order facilitate a more convenient breakdown and disposal process. As such, the disposal of the system was kept in mind through the development of the system, with the R&D and manufacture teams both being involved in the disposal process due to their shared relationship.

The various relationships between the teams involved in the project were identified and recorded through the use of a relationship map. The requirements of some teams affected the requirements and work to be carried out of other teams, but not all. By plotting the relationships and interactions each team had with each other, it became easier to understand and coordinate efforts. As disposal came at the end of the system’s lifecycle, the Safety teams, R&D team and the Manufacture team all influenced the way disposal would be conducted through their own requirements and the solutions they each proposed to meet them. By coordinating with each of the teams in roundtable meetings, the disposal team was able to influence the way the system developed to make achieving their own requirements more convenient. 
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[bookmark: _Toc200449629]Figure 2: Project Team Relationship Map

Once the groundwork had been completed; shareholders and their individual requirements identified, the information, collated in Excel files, was put into a Microsoft Teams folder and made accessible to all teams. This allowed all aspects of the project to access, edit, and collaborate in real time. The simple layout and clear labelling of the Teams folder improved the efficiency of the project as time wasn’t wasted searching for a file that was tucked away in the nether regions of the folder. 
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[bookmark: _Toc200449630]Figure 3:Teams Folder Directory

[bookmark: _Toc200449657]III – Design
The final design consisted of a telescopic tube assembly, contained within which was a rocket propelled munition inserted during the manufacturing stage, attached to a Command Launch Unit (CLU) responsible for acquiring a target and aiming the munition. The rocket propelled munition is fitted inside the launch tube assembly during the manufacturing process and cannot be removed prior to breakdown and disposal. This was done firstly from and safety point of view, as removing the step to load a munition into the launch tube improved operator safety, but also to benefit the disposal team. By making the launch tube and rocket propelled munition a single unit, disposal was limited to two units (CLU and launch tube assembly) instead of three (CLU, launch tube, and rocket propelled munition), which made the disposal process more streamlined. The American M72 Light Anti-Tank Weapon (LAW) provided inspiration for this concept of the design [4].

The internal configuration of the rocket propelled munition was proposed to be of a modular design, where each of the components (rocket motor, control unit, guidance unit, lethal package, safety and arming unit) would be manufactured in isolation and then assembled with the other completed parts into the shell of the munition. This was done from a standpoint of manufacture as it significantly reduced the risk of detonation due to external stimuli, however it was also adopted for the benefit of the disposal team. By making the munition modular, the missile was capable of being broken down into its constituent parts, which could then be disposed of on an individual basis. The inert plastic components could be separated from the energetic components and disposed in a manor more appropriate given their properties.
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[bookmark: _Toc200449631]Figure 4: Breakdown of Missile Components

[bookmark: _Toc200449658]IV – Disposal of Munition
As mentioned, the disposal team communicated and coordinated with the other teams involved in the project in order to facilitate the eventual breakdown and disposal of the munition, with the manufacturing, R&D, and safety teams all being consulted and advised on how their own requirements would either aid or prove to be an obstacle to the process of breaking down and disposing of the munition. The disposal team, during the roundtable meetings supported the ideas presented by the R&D team of using a telescopic, disposable launch tube, as well as the proposal by the manufacturing team to manufacture and assemble the rocket propelled, guided munition in a modular fabrication. 

When it came down to the method of disposal, various methods were considered in order to effectively meet the breakdown and disposal team’s requirements. Through the use of a Pugh-Matrix, several methods were evaluated against the in-service method of incineration, which is currently used by the arms industry to dispose of any defective or end-of-life assets. Methods evaluated included industrial shredding, cryofracture, microbial breakdown, chemical neutralisation, and open-air burning. Shredding was a desirable method of disposal as it met the disposal team’s requirement to be environmentally friendly; the shredded was to be sent to a recycling plant off-site instead of being incinerated, which would release toxic particulates into the atmosphere and cause a decrease in the local air quality. However, shredding would only be applicable to the inert components as the energetics would not be able to be processed via shredding due to the risk of detonation. Cryofracture was rejected because it is still a concept and isn’t a readily available method of disposal at present, despite its level of safety and reliability. The same was said for microbial breakdown as although it was received recognition as a viable method of breaking down explosive compounds such as nitroglycerin in the late 90s and early 00s [5], it hasn’t become a standard procedure in the industry so reliability, safety and logistical issues of the operation are uncertain. Chemical neutralisation presents numerous safety hazards to individuals and leaves behind a chemical byproduct that still requires to be disposed of, as such, this method of disposal was rejected for not meeting the disposal requirements and creating too many problems as it would solve. Open air burning was also rejected for not meeting requirements, as it caused to much ground and air pollution to justify using it was a method for disposal of the broken-down components. So, in the end it was decided to stick with the standard industry practice of incineration as the final disposal method.

During this process, discussions with the manufacture team, which had industry experts who have worked with disposal companies and have first-hand knowledge regarding disposal methods, were frequently held both in-person when available, and over WhatsApp. Discussions centred around the procedure, safety and reliability of the various methods. With incineration being deemed one of the safest methods as a result of these conversations due to the numerous lines of defence in place to prevent injury to workers and the reliability of the incineration at eliminating the presence of active energetic compounds. Shredding was also discussed, and it transpired that at manufacturing facilities both shredding and incineration is used to dispose of waste, with shredding being used exclusively for inert components. The decision was then made to utilise both methods as doing so would improve the environmental aspect of the set requirements of the disposal team.
[bookmark: _Toc200449659]V – Presentation and Feedback
Using time available in the mornings and afternoons, the various teams involved in the project gathered together in order to prepare and rehearse for the presentation that would be given in the style of a pitch to shareholders. PowerPoint were made both as a team and individually depending on the topic they were covering. The slides on disposal were created by the disposal team, however the design and graphics were put together by the safety team as they had more experience working with the software. 

Rehearsals were timed to fit into a 45-minute slot with questions being asked afterward. Multiple run-throughs were conducted with feedback given and amendments made between the project team. This helped to cut out content that was deemed unnecessary to keep the presentation focused on the more important aspects of the project as well as give more time for the rest of the presentation. 

After multiple days of multiple rehearsals, the final presentation went well with official feedback being given by the lecturer. 
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[bookmark: _Toc200449632]Figure 5: Team and Individual Feedback

Overall, the group received positive feedback with the presentation being praised for its nice graphics, content and pace. Positive feedback was given for showing the collaboration between the various groups by referring to one another’s PowerPoint slides, although, it was noted that there were some overlaps between the safety groups. 

When it came to the disposal team, questions were asked regarding the possible contamination between energetic and inert components. This was referring to the use of a shredder to breakdown exclusively inert components, as any energetic compounds processed through the shredder could cause an explosion and lead to injury or loss of equipment. The answer required some research before being given so the team offered to get back with an answer as soon as they had one. 

Also brought up was the disposal team’s body language, it was noted that a lot of time was spent looking at the screen with some audience interaction. Presentation was also delivered with a hand in pocket which was interpreted as unpreparedness. Presentation was delivered with good volume and pace but was noted to be hesitant at times.

After the presentation, the team inquired to the manufacturing team about the contamination of the shredder with energetic compounds. The disposal team were informed that any inert component that has the potential to be contaminated is incinerated along with the rest of the energetics because there is no way to clean or guarantee that the component is free from explosives. In light of this information, it was decided to follow industry practice and incinerate any inert components that have the potential to be contaminated along with the energetics. Filters can be installed in the incinerator to minimise the environmental effects of burning plastics.

[bookmark: _Toc200449660]VI – Conclusion and Reflection
The combined effort of the various teams within the project group was crucial to the success of the project as a whole. Clear and productive communication was key to ensuring the continued cooperation between the teams which resulted in a robust, complex system that met all customer requirements and received positive feedback after the presentation. 

The use of a roundtable style of meeting created an environment where ideas could be freely and productively discussed and critiqued which enabled the teams to collaborate and ensure that each of their requirements were met or facilitated. These meeting also allowed teams to ask each other questions and take feedback on their work, using everyone’s strengths to benefit the whole team.

The use of live documentation neatly catalogued on a Microsoft Teams group allowed documents to be edited by everyone in the team in real time, regardless of whether they were working remotely or working with the rest of the team. These documents also saved to a cloud server after each edit which guaranteed no loss of data which could have caused massive setbacks if a day’s work was lost. This helped keep the pace of work constant which in turn meant that the project was finished in a reasonable time and that enough time was left to rehearse and prepare for the presentation. 

Looking back, the disposal team could have prepared more for the presentation. Their delivery was hesitant, as was noted in the team feedback, and they were unprepared for technical questions regarding the evaluated methods of disposal and the associated hazards regarding contamination. 
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Team feedback / Questions

Qto team.....Alternatives to EBW? Were these considered? simple slides with
clear layout. Images are a good size, easy to view. Good contrast between text
and background. Theme consistent throughout different sections to give a nice
cohesive team feeling. Referring to other people’s sections showed good
collaboration. Some overlap in safety content, could give the impression of
lacking communication between the two. Clear introduction to set out order of
events. Would have benefitted from having a distinct conclusion, even one slide
summarising the key points. References stated as available on request; itwould
have been better to include the references slide inthe presentation for the sake
of transparency. Some misinterpretation of stretch goal between group
members?

Feedback / Comments Dave

Disposal requirements understood

Contamination mentioned. Could be broughin a bit more.

What do you think the main causes of issues in disposal are? How did you cope
with this?

Is there a silver bullet for disposal? What are the pros and cons of each?

FFEH.......How do you prevent explosive getting into the shredder?

Feedback / Comments Jenni

|good volume and pace. Some interaction with audience but with a
lot of reading from slides and screen, this could come across as
being unprepared or lacking in confidence. Presented with one
hand in pocket, notideal body language. Delivery was hesitant at
times but reasonably confident for the most part.





