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[bookmark: _Toc134795455]Abstract
The breakdown plan and waste stream management plan for an OME (Ordnance, Munition and Explosives) solution are thoroughly examined in this report. Designing for demilitarisation, identifying waste streams, comprehending disposal procedures and guaranteeing safe disposal in the event of malfunction are the main concerns of the Breakdown and Disposal Specialist. The research stresses the significance of taking environmental impact into account during production trials and subsequent series manufacture. The report intends to encourage sustainable practices and responsible waste management throughout the product lifecycle by showing a complete awareness of breakdown and disposal implications, contributing to design selection decisions and integrating design for disposal principles.
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[bookmark: _Toc134795457]Introduction
In the modern world, maintaining sustainable development and preserving the environment depends critically on the effective management of waste streams and the ethical disposal of goods. The difficulties involved in breaking down and disposing of complicated devices must be addressed as technology develops at a rapid rate especially in the context of OME. With an emphasis on the breakdown and disposal specialist's function within a multidisciplinary team this report attempts to present a thorough breakdown strategy and waste stream management plan. [1] 
[bookmark: _Toc134795458]Design for Demilitarisation
[bookmark: _Toc134795459]Defining Design for De-Mil
Design for Demilitarisation (De-mil) is a crucial stage in the creation of any product, especially important in those that deal with sensitive and hasardous compositions such as explosives. Design for De-mil is significant because it makes it easier to efficiently disassemble and breakdown these items when they naturally reach the end of their useful lives, or should an issue arise whilst in-service or post trial. Manufacturers can ensure that goods can be easily disassembled by implementing “Design for De-mil” principles enabling intrusive inspection (sometimes forensic) work to be done to discover the primary causes of failures and to improve future designs.
Design for De-mil is essential for a number of factors. First off all it makes failures easier to analyse and identify which helps to increase the overall performance and reliability of the product. Disassembling broken devices allows engineers and technicians to look at the parts and subsystems, analyse the failure reasons and incorporate fixes in new designs. Gaining improved product quality and elevated customer satisfaction.
Second, Design for De-mil encourages the efficient use of resources and the minimisation of waste. Manufacturers can assist the separation and recovery of important components and materials by designing goods with disassembly in mind. This has substantial environmental advantages since it lessens the need to extract and produce new materials which reduces the quantity of waste that is produced and has need of safe disposal. [2]
[bookmark: _Toc134795460]Methods for ensuring design for de-mil
In order to achieve Design for De-mil within product development, several strategies can be used. One such method is modular design which includes breaking the product down into independent modules or components that are simple to build and disassemble. The breakdown process is streamlined and the amount of downtime is decreased due to each module being independent and able to be replaced or repaired separately.
For Design for De-mil, standardised connectors and fastening techniques are also essential. The disassembly procedure is made simpler by the use of widely accessible and quickly detachable connectors such as screws or latches. This reduces the danger of component damage during breakdown by eliminating the requirement for specialised equipment or excessive force. Precise component labelling and marking are also crucial in designing for De-mil. When each component is clearly identified and comes with step by step instructions technicians can quickly find and remove particular parts during disassembly. This expedites the disassembly process and guarantees correct component reassembly or disposal. [3]
[bookmark: _Toc134795461]Breakdown, Testing and Critical Analysis 
A key component of Design for De-mil is BTCA (Breakdown, Testing and Critical Analysis) work which enables engineers and scientists to inspect and look at failures hoping to find design or manufacturing faults. Engineers can identify the root causes of failure and suggest essential design changes to avoid reoccurring problems by thoroughly inspecting and testing the components, whilst the scientists inspect and test the compositions within. 
Another crucial factor in Design for De-mil is design reversibility. It alludes to the capacity to undo the disassembly procedure and rebuild the object without sacrificing its performance or functionality. This is crucial for repair and maintenance activities since it guarantees that the product can be quickly and simply reassembled after being disassembled, facilitating efficient and effective repair procedures. [4]
[bookmark: _Toc134795462]X-ray and NDT Techniques
[bookmark: _Toc134795463]Non-disruptive testing and X-ray’ roles within Breakdown and Testing
The disassembly and disposal of OME depend heavily on the use of X-ray and non-destructive testing (NDT) techniques. Without causing any harm or modification to the product itself due to high level hazard and increased risk of these hazards when intrusively breaking stores down, these approaches are used to evaluate the integrity, conditions and overall safety of the store. The Breakdown and Disposal Specialist can efficiently find probable flaws, concealed damage or dangers such as in-active safety features inside the OME by using X-Ray and NDT techniques. [5]
[bookmark: _Toc134795464]Methods for NDT
The breakdown and disposal of OME can be accomplished using a variety of non-destructive testing techniques. Radiographic testing is one often used technique that uses X-rays or Neutron rays to create images of the product's internal structure [6]. This makes it possible to find internal issues like cracks, voids or foreign objects that could affect the stores performance or safety without interfering with hazardous devices or compositions within. [7]
[bookmark: _Toc134795465]X-ray and NFT techniques advantaged in disposal planning
Using X-ray and NDT techniques in disposal planning has a number of important advantages. First of all, these techniques enable a complete and accurate evaluation of the device's state allowing for the detection of potential safety issues and environmental dangers throughout the breakdown process. It is possible to take the necessary safeguards to protect the safety of the workers involved in the disposal activities by identifying flaws or concealed materials that could pose greater concerns [8].
Additionally, NDT and X-Ray procedures help in the right grading and classification of parts and materials according to their integrity and suitability for recycling or disposal. With this information the Breakdown and Disposal Specialist may create a waste stream management strategy that is effective by figuring out which parts can be recycled, repurposed or in need of unique disposal strategies such as chemical neutralisation or detonation/burning [9].
[bookmark: _Toc134795466]Waste stream management
[bookmark: _Toc134795467]Identifying waste streams
A crucial step in waste stream management is identifying the waste streams produced throughout the Breakdown and disposal process. In order to determine the various kinds of waste generated during the processing it is necessary to analyse the various parts, materials and procedures utilised. This comprises both potentially hazardous waste such as chemicals, explosive compositions, explosively contaminated materials, chemical by-products as well as solid CFFEH/Inert wastes such as casings, components, packaging and scrap materials. Appropriate management methods to reduce their environmental impact and ensure compliance with relevant requirements can be established by studying the content and characteristics of these waste streams. [10]
[bookmark: _Toc134795468]Means of disposal for various waste streams
Specifying the ideal method of disposal for each waste category is crucial after the waste streams have been identified. To ensure safe and environmentally conscious handling, different waste streams may need different disposal techniques. [11]
For instance, recyclable items ought to be separated and delivered to a recycling facility whilst hazardous waste would need to be treated or disposed of in facilities that require specialised handling such as a firing chamber for non-recycled propellants and HE’s to burn off. By using strategies like waste minimisation, reuse and recovery of valuable resources, efforts should also be made to prioritise resource recovery and waste reduction. Risks to the environment and human health can be reduced by choosing the best disposal options. [12]
[bookmark: _Toc134795469]Environmental effects of waste
For the development of efficient and sustainable waste management practises, it is essential to understand the environmental effects related to waste stream management. If waste streams are not effectively managed during disposal it may lead to contamination of the natural areas’ ground, water and air, the depletion of resources and the production of greenhouse gases. 
The environmental effects of various disposal techniques must therefore be evaluated taking into consideration elements like energy consumption, emissions and the possibility for soil and water pollution [13]. Making informed decisions that prioritise environmentally friendly practises and reduce the overall environmental footprint of the waste management system is made possible by taking into account the life cycle impacts of waste stream management practises including transportation and treatment processes.
[bookmark: _Toc134795470]Functionality and Safety Considerations
[bookmark: _Toc134795471]Understanding functionality for safe disposal
It is crucial to have a complete understanding of a device's functionality in order to ensure its safe disposal. Analysing the numerous parts, systems and interactions they have within the device is necessary for this. It is possible to put in place the necessary safety precautions by understanding how the store works and the potential risks involved with its disposal.
Understanding how an item of OME works makes it possible to spot components or materials that should be handled carefully when being disposed of. It assists in figuring out whether any energy sources, like batteries, thermal batteries need to be discharged or neutralised before disassembly. Additionally, choosing the right tools and methods for safe disassembly is aided by understanding how the item works. [14]
[bookmark: _Toc134795472]Reducing unwanted interactions
There is a chance for undesired interactions to occur throughout the breakdown and disposal processes, including risks to workers, environmental harm or inadvertent release of hazardous materials. By carefully considering planning and design, it is imperative to minimise these interactions.
By clearly labelling and marking components with information about potential hazards such as NEQ’s (Net explosive quantities), Hazard type stickers (1.4S, 1.1A) [15], or by writing out documentation that must be read and signed/acknowledged by all processing the store(s) confirming hazards, transport routes, COSHH assessments, risk assessments, processes used, would be one method of preventing undesired interactions. By doing this it is made sure that those participating in the disposal process are aware of the risks and take the appropriate safety measures. 
[bookmark: _Toc134795473]Ensuring safety in case of malfunction
Keeping everyone safe while the system is being disassembled and disposed of is crucial in the event of a malfunction or unintended initiation. To avoid potential risks like temperature mishaps, static discharge, chemical leakage or electrical shocks the precautions must be taken. In order to safely handle and disassemble broken gadgets, standards and rules must be established.
Depending on the type of systems incorporated within the OME store and any potential threats that come with it, it's important to outfit employees with the proper safety gear, such as conducting shoes/straps, gloves, goggles, lab coats, overalls and respiratory masks. In addition, training programmes should be put in place to instruct team members on how to act when processing and what to do in an emergency; following the right protocols in case something unexpected happens when performing breakdown and disposal activities.
The team can efficiently manage the breakdown and disposal processes, minimising risks to personnel and the environment while promoting responsible waste management practises by comprehending device functionality, mitigating potential unfavourable interactions and ensuring safety during malfunctions. [16]
[bookmark: _Toc134795474]Design for Disposal
[bookmark: _Toc134795475]Significance of design for disposal
Design for Disposal is a crucial factor to take into account when creating products since it tries to solve the problems related to the ethical and sustainable disposal of items at the end of their useful lives. It entails incorporating design elements and techniques that make product disassembly, recycling and disposal more effective, safe and secure and supports the circular economy by maximising the recovery of priceless resources. 
Manufacturers can optimise the disassembly process, improve waste separation by incorporating disposal considerations into the early stages of product design. This will help them reduce their reliance on raw materials and the production of hazardous waste. A more sustainable approach to production and consumption is promoted by applying Design for Disposal principles, which also aid in regulatory compliance. [17]
[bookmark: _Toc134795476][bookmark: _GoBack]Trade-offs for safe de-mil design
It is crucial to recognise that in the pursuit of Design for Disposal certain design compromises might be necessary to guarantee secure demilitarisation. Optimising accessibility for disassembly, incorporating fail-safe mechanisms to prevent accidental initiation or release of hazardous materials and providing clear instructions and markings to guide the demilitarisation process are just a few examples of design factors that may be taken into account when planning for safe demilitarisation. 
These design decisions could however, result in trade-offs in terms of the complexity, price or usefulness of the final product. In order to ensure that the chosen design strategy prioritises both safety and disposal efficiency, balancing these trade-offs necessitates a detailed consideration of the potential hazards, advantages, and long-term ramifications. [18]


[bookmark: _Toc134795477]Conclusion – Fireworks
For the development and disposal of an OME system to be successful, a thorough breakdown strategy and waste stream management plan are essential. The integration of design for demilitarisation, identifying waste streams, comprehending disposal procedures, and guaranteeing safety throughout the breakdown and disposal processes are all made possible by the function of the breakdown and disposal specialist. The team can create a sustainable and ecologically responsible solution by taking into account concerns with environmental effect and through-life implications.
[bookmark: _Toc134795478]Fundamental design
Fireworks are comprised of a solid cardboard casing wither either loose gun powder and venturi for a rocket motor to provide thrust for launch, and/or a compressed gunpowder charge to create an explosive effect to provide acoustic affects and the light show viewed by the audience (Check appendices 10.1 presentation for further detail).
[bookmark: _Toc134795479]Breakdown and Disposal
Due to Fireworks being comprised of an absorbent casing and having a main composition of gunpowder, a firework can be easily disposed of via its introduction to a bucket of water. 
Solid potassium nitrate is a white crystalline substance, in gunpowder it is finely ground into the mixture of carbon and sulphur. When mixed with water (H2O), potassium nitrate dissolves into the solution.
K+NO-3 + H+2O- → KOH + HNO3 
Once dissolved fully and then left to dry, the potassium nitrate will re-crystallise but as longer larger crystals. These crystals even when mixed back in with the carbon and Sulphur, are unlikely to produce enough oxygen for the mixture to rapidly burn or explode. [19]
[bookmark: _Toc134795480]Waste Management
Once the firework has been submerged, it should be left overnight to absorb as much moisture as possible before being double bagged to trap moisture in and then disposed via general waste. 
In the case of a firework having aluminium or magnesium within the composition the firework would need to be labelled as a hazard, have a hazard area for no-person to access until left to fully cool, the use of IR thermometer could be used to verify its current state of temperature. 
Once cooled the above waste management system can be continued. 
[bookmark: _Toc134795481]Design for de-mil
The cardboard firework whilst simple in design is designed with disposal in-mind as it does allow the absorption of water to eliminate the risk of ignition post mis-fire or dud. An added feature to increase safety would be a bright band or warning sign visible post firing to signify the presence of magnesium or aluminium based stores, as this is currently relying on the breakdown and disposals engineer knowing all systems that were launched and being able to visually recognise each pre and post launch. An added visual aid could avoid human error and undue hazard should these stores while hot come in contact with water. 
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Breakdown and Disposal - Setting up

Cobra Firework system:

Igniters

n source of the fireworks, one end connects to the fuse/port on a firework, and the other to
ule. Using a burning filament, it can be inserted into the firewarks ignition point or attached
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Breakdown and Disposal - Setting up

Layout scaffold structureshwooden platforming

Place fireworks in determined locations securing them and covering them (weather proofing).
also placing buckets of water near each group in-case of mis-fires

Layout cables from firework locations
Make sure module boxes batteries are charged and set to sleep mode while not in use

Place module boxes and connect igniter cables to correct module cue's (white tape to label
groups, grouping large fireworks together for ease of isolation)

Test igniter connectiviy, continuity test
Replace any igniters that fail continuity test (finse and repeat)
Make safe the firing system modules.

Connect igniters to fireworks
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Breakdown and Disposal - Fireworks

A firework primarily consists of a plastic or cardboard body, an initiating fuse, leading to a gunpowder based
composition for use in a rocket motor or as an explosive charge.

Gunpowder:
- 75% Potassium Nitrate (KNO3),
- 15% Carbon (C)
-10% Sulphur (5)
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Breakdown and Disposal - Fireworks

« Solid potassium itrate is a white crystalline substance, in gunpowder it is finely ground into the mixture of carbon and
sulphur,

+ When mixed with water (H;0), potassium nitrate dissolves into the solution

© K'NO3+H"%0" — KOH + HNOg

+ Once dissolved fully and then left to dry, the potassium nitrate will re-crystallise but as longer larger crystals. These crystals
even when mixed back i with the carbon and Sulphur, are unlikely to produce enough oxygen for the mixture to rapidly
bum or explode





image7.png
Breakdown and Disposal - Fireworks

Definitions:

Dud ~ Firework that fires then has an issue in the air; Mortar launches but doesn't ignite and explode when in
flight, falling to the ground without exploding.

Misfire — Firework that doesn't pick up after igniter is lit,
function.

fon failure; Light the fuze, and firework doesn’t
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Breakdown and Disposal - Fireworks

+ Dud - Locate Dud round and inspect to confirm itis a dud. Mark ground nearby
without disturbing the item, keep bystanders away and leave for 30 minutes to
ool off. Once cooled, use shovel to pick-up and fully submerge in water. leave S
submerged overnight Double bag to avoid drying outin plastic waste bags and
dispose via general waste.

OVEOLIA

+ Misfire - More common in finales due to mass ignition causing fuzes to blow
apart, itis key to recognise a misfire quickly and to douselfil it with water ASAP
1o eliminate any possible embers igniting the store un-expectedly. Once able,
submerge in water ovenight. Double bag and dispose through general waste.
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Breakdown and Disposal - Special cases

Compositions of note:
- Magnesium
When water is poured onto hot magnesium (or hot water onto cold magnesium), the
act and produce Magnesium Hydroxide and hydrogen gas in an
exothermic reaction

-+ Alum
Whie Tossst rsk due to aluminum naturally gaining a protective oxide layer, when hot and
reacting with water, aluminium can also give off hydrogen gas

Handling:

- Dud~In both material scenarios, keep bystanders away and allow the store to fully cool
(can use Infrared visual thermometer) 30+ minutes before fully submerging in water
overnight, then double bagging for disposal

fon with a misfire, with these materials,
stead of initially pouring water over the

+ Misfire — Though there is a greater risk of i
allow the store to cool and then fully submerge:
item
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Breakdown and Disposal — Post display clear-up

Fallout area will have been secured overnight — therefore all duds will have been un-disturbed and sufficiently cooled off.

In the morning, use a leaf blower to disturb and move lightweight debris, maintaining a vigilant eye for larger debis that
could be a dud

Mark all duds and continue to collect debris.
Collect all duds and submerge in bucket(s) of water allowing sufficient time to soak

+ Dueto the overnight cooling, submerging fireworks containing aluminium or magnesium will have no reactive effect
ifthey are submerged in cold water.

Pass over the fallout area further with a rake to pull up any remai
scraps of cardboard etc

g debris, then mow the garden to mulch down smaller

Dispose of spent fireworks, double bagged duds & Misfires via general waste

Dispose of greenery and foliage via garden waste.
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Breakdown and Disposal - Setting up

Cobra Firework system:

+ 18R2 Controller

+ The brains of the system, is a hand held remote, communicating with the
sending and receiving commands.

+ Received: Continuity, igniter connectivity information, signal strength and battery levels
- Sends: Fire commands
- The controller unit has a radial range of 1500+ft (500+m)

ing modules in the field by
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Breakdown and Disposal - Setting up

Cobra Firework system:

Modules

Are the body of the system, sitting in the field communicating with the
controller.

Audio boxes are used to synchronise firing commands sent to modules to
pre-set music.

All module boxes have a radial 1500+t range as standard.

12hr working battery (36hr sleep mode)





