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[bookmark: _Toc70250031]Introduction
All munitions and explosives have a shelf life, and the demilitarisation and disposal of these items raise questions on the impact their disposal may have on the environment.  In 2002, in the USA alone there was a stockpile of approximately 453,000 tons of munitions awaiting disposal [1, p. 5].
The existing disposal methods for explosives and explosive articles vary from burning the explosives, detonating it or by demilitarisation. Each of these have a real, or potential impact on the environment. Some of which are temporary and others with longer term impacts. 
The project proposes a critical analysis of the impact of different disposal methods on the environment and to investigate some of the new technologies which may be employed to reduce the environmental impact of the disposal and demilitarisation of explosives and explosive articles. 
In considering this topic it is necessary to define the environments which may be impacted. This can be broken down into the air, land, water, infrastructure, flora and fauna and human environments:
· The air environment includes anything which mixes in the air either remaining in the local area or into the atmosphere. 
· The land environment covers any damage or contamination to the ground and the water environment covers any water source and the water table as a whole. 
· Infrastructure includes housing, bridges, businesses or other critical infrastructure. 
· The flora, fauna and human environments cover damage to the any human, plant or animal life and the working environment for people conducting these operations.


[bookmark: _Toc70250032]Literature review
Some of the literature which will be used in the report are classified and as such the titles will be redacted and the review of the contents will be limited. The literature in this area is limited as much of the information on techniques or technologies are classified or commercially sensitive and reports are not publicly available.
Review of Demilitarisation and Disposal Techniques for Munitions and Related Materials [1]. This report discusses many of the existing munition and explosive demilitarisation or disposal techniques which are available. For many of these options the environmental impacts are detailed including regional variations between NATO, European Union and other allied countries however there is little discussion on the merits of each technique in comparison to each other. 
DSTL/TR120818 [2]. This report primarily discusses the options for using robotics and automation in demilitarisation processes however the author does identify and discuss methods of removing explosive fills from munitions. The environmental impacts of these are touched upon however a full assessment is outside the scope of the report.
DSTL/TR116368 [3]. In this report the author investigates the disposal of pink water which results from the removal of fills from munitions using water-based techniques. Some of the technical options available for the disposal of pink water are investigated including basic designs and costings. Consideration is given to the environmental impacts of not conducting pink water processing correctly, on the required filtration and resulting waste which is needed to ensure there is no environmental impact.
Design for Demilitarisation [2]. This report details the processes and techniques which were current and emerging in 2002 and discusses the recycling potential for different types of explosives, including the limitations. 
Alternatives for the Demilitarisation of Conventional Munitions [5]. In this report the authors conduct a review on the environmental and societal impacts of the open burning and open detonation of munitions and explosives. It investigates technologies such as closed burning and closed detonation techniques and the recovery and recycling of the fills of munitions and discusses the financial as well as the environmental impacts of new technologies. This report also, unlike others, discusses the impacts of decommissioning open burning and open detonation disposal areas. Although this report discusses some of the legislative framework this is for American jurisdictions, however the concepts, criticisms and limitations will be applicable to other legal jurisdictions.
Report on NATO – ARW Explosives Detection and Decontamination of the Environment [6]. The main focus of this report is on discussions held on the detection of explosives for security purposes however it does discuss the detection of contamination in historic explosive disposal areas. Although an older report it does identify some of the contamination issues which result from incorrect disposal of explosives or munitions. 
UK Approaches to Environmental Clean-Up [7]. This report details the focus of the United Kingdom Ministry of Defence in looking into the environmental impacts and concerns in a munition’s disposal and more environmentally friendly compositions as a part of a through life process. Although this report is old it details some of the concerns for the disposal of articles and ground decontamination which are still applicable in the more modern era, in particular with the closure of British military bases in the UK, Germany and other locations. 
Review of Environmental Effects of White Phosphorus Munitions [8]. The authors discuss the contamination of both the ground and aquatic environments and the potential environmental impacts of white phosphorus. The impact to wildlife is also considered as are the potential benefits of reactants to plant life. The report is, however, quite generalised in the specific impacts as the exact environmental impact depends on a number of factors.
Feasibility of Using Microwave Radiation to Neutralise Non-Metallic Landmines [9]. This report discusses the efficacy of using microwaves to detonate landmines. Mines with fills of Tetryl, RDX and TNT fills and some primary explosives such as lead styphnate and lead azide were tested for the impact on heat of microwaves on the different fills caused by the absorption of the microwave energy. It explains the science behind the ability of the explosive (and other materials) to absorb the microwave energy and therefore increase in temperature and the impact of the presence of other non-energetic materials. Although this report investigates attempts to detonate mines the same principles are applicable to the use of microwaves to heat, and subsequently melt, the fills of a munition. 
Environmental Impact of Open Burning and Detonation DSTL/TR52234 [10]. The author of the report discusses the environmental impacts of open burning and open detonation of munitions on United Kingdom Ministry of Defence ranges. It brings together evidence from incidents, observations, and recommendations from the OME community throughout the UK MOD, Canada, the USA and elsewhere when disposals have been conducted, including investigations into ground and air contamination from both the energetic components and the cases. It is, however, limited as it doesn’t consider the disposal of munitions containing red or white phosphorus.
DSTL/TR107379 [11]. This report reviews the potential for using steam to remove TNT fills from small munitions and provides a limited cost and time analysis for the removal of grenade fills by both hot water washing and using steam. Although the report discusses some of the known, and potential, limitations of the technique the planned testing is flawed in a number of ways which is discussed in further reports. 
DSTL/CR113836 [12]. This report details the experimentation undertaken on using steam to remove TNT fills as recommended in DSTL/TR107379. Although this report is highly critical of the experiment and the equipment used it does recommend further investigation into the area providing many of the concerns raised are addressed. This report, along with DSTL/TR107379, show the issues with developing and testing new and novel techniques in the removal of fills from munitions and highlights the issues when working with different munition types or fills.
DSTL/DOC119383 [13]. This report details the processes for the removal of energetic fills form munitions using the hot water washing technique and how to process the pink water which results from these processes. The report it details noise assessments and the PPE requirements for the task plus a description of impacts to the environment from the procedure or any process failures. There are also rough assessments on the time taken to complete tasks of varying sizes which relates to the exposure of individuals in the environment and details of how to complete new procedures in the measurement of water consumption, time taken, water temperature etc so future assessments can be made on the efficiency of the process for different munition types. This process, however, is limited to the operation of specific equipment in specific areas. 
DSTL/DOC44364[14]. This risk assessment corresponds to the tasks detailed in DSTL/DOC119383 and as such details the environmental risks and mitigations in a greater detail than the procedure. 

[bookmark: _Toc70250033]Aims & Objectives
The aim of the project is to critically analyse the impact to the environment of both existing and future disposal and demilitarisation capabilities. The result will be to determine whether the risks are acceptable under modern legislation, whether certain techniques pose a greater impact than others and whether other existing or emerging technologies can reduce the impact.
This will be broken down into the following areas:
· Open detonation
· Closed detonation
· Open burning 
· Closed burning
· White phosphorus
· Demilitarisation
· Recycling
· Future technologies


[bookmark: _Toc70250034]Method
[bookmark: _Toc70250035]Overview
Each area of investigation will be separated into three categories: Processes, impacts and technologies and further into other sub-categories as appropriate. For each of these areas the impact of the following environmental areas will be considered:
· Air
· Land
· Water 
· Infrastructure 
· Flora and fauna 
· Human
The processes will cover a description of the process, why it is used, the assessments required, any legal or regulatory framework and associated risks. 
The impacts will detail the areas of the environment which may be impacted, how they are impacted and assess the long-term and short-term effects on the environment.
Technologies will investigate the current technologies in use in these processes, new and emerging technologies which may be used, discuss their advantages and limitations then assess their effectiveness in reducing the environmental impact of each process.
For all of the above, assessments will be made on any actual environmental impacts recorded, whether they conform to the legal or regulatory frameworks and whether other technologies or techniques would be more suitable for these disposal routes.
For each area of investigation any positive impacts on the environment will also be considered if applicable. 
Cost benefit analysis will be conducted for each area if it is appropriate looking into the costs of developing or implementing new technologies against the environmental impact.
[bookmark: _Toc70250036]Technologies to be investigated
Some of the existing and emerging technologies which will be investigated will be in the areas of hot water washing, manual removal of fills, demilitarisation by induction, demilitarisation by breakdown, demilitarisation by microwaves and capturing of the combustion products of burning. For each of these an explanation of how the procedures are conducted, the risks involved, the environmental impact and how they compare.
[bookmark: _Toc70250037]Data collection
Collection of empirical data for many of the areas may not be possible due to the limitation of available technology and resources. 
Results for contamination of the environment will be reliant on the collection capabilities of other organisations or team. This data is likely to be commercially sensitive information or present within classified reporting.
For demilitarisation techniques the data captured or calculated will be based on the time taken to demilitarise different items, with different fills using different techniques. The data which currently exists may not be accurate as they are often based on historical recollections, anecdotal evidence and manufacturers claims. Collection of further data is possible depending on future tasks and operational requirements. The accuracy of timings acceptable will be dependent on the munition type. Smaller munitions such as mortars or grenades the accuracy of timings will be acceptable to the nearest minute whilst for larger munitions such as aircraft bombs the accuracy will be acceptable to the nearest half an hour. This is due to the larger time differences resulting from the sizes of the munitions. 
[bookmark: _Toc70250038]Data protection
The aim is that the final report will be releasable at a UK OFFICIAL classification. If this needs to be changed then appropriate protections based on security requirements will be put in place based on existing security guidance. [15]
All data will be protected as appropriate for any commercial or classification requirements.
Exact munition types which are subjected to demilitarisation techniques will not be provided as this information may increase the classification of the project to an unacceptable level. If it is required then generic types such as grenade, mortar or aircraft bomb will be used in place of the specific munition type.
[bookmark: _Toc70250039]Risks and limitations
[bookmark: _Toc70250040]Risks
There are some possible risks on the project. To get more accurate details on demilitarisation timings is dependent on these tasks being conducted and on a variety of munition types from smaller munitions such as mortars and larger ones such as aircraft bombs. It is also dependant on the availability of the author to attend these tasks to collect the data. 
[bookmark: _Toc70250041]Limitations
Some exact details of the munitions or explosives or techniques used will not be included in order to reduce the security classification. 
The project will be related to the disposal or demilitarisation of conventional military explosives, articles and munitions only and will not refer to chemical, biological, radiological or nuclear related explosives or munitions. 
No reference will be made to the disposal specific to munitions containing either asbestos or depleted uranium. 
Although the project will focus on the UK legal framework (specifically English law) and UK processes references will be made to processes, events and legal decisions/legislation from other jurisdictions as comparisons.
[bookmark: _Toc70250042]Ethical issues
There is a risk to life associated with the use and handling of explosives and munitions. The disposal of explosives has the potential to cause environmental issues and as such a failure to dispose of them correctly is an ethical issue. In some cases, the threat to life caused by munitions will override environmental concerns. Any risks to personnel throughout the project will be mitigated by following all risk assessments and procedures in place for each task and the wearing of all required personal protective equipment. 
There are no other ethical concerns. 


[bookmark: _Toc70250043]Resources
The resources required are a mixture of physical and human resources and access to reporting. 
[bookmark: _Toc70250044]Online 
Access to reporting will be via organisational online and library resources, university resources, online articles and government legislation.
[bookmark: _Toc70250045]Physical & human
The physical resources which are required are as follows:
· Access to hot water washing equipment, taskings and appropriately trained staff
· Access to munition processing areas and equipment with appropriately trained staff 
· Access to explosive burning and disposal grounds



[bookmark: _Toc70250046]Gantt chart
The Gantt chart for this project Figure 1 is limited as there are only three components: 
· Research and literature reviews
· Writing the project and reviewing
· Quality checking the report
[image: ]
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