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[bookmark: _Toc184834618]Brief
The aim of this report is to discuss and evaluate literature and relevant methods (including safety and disposal) of a large quantity of munitions in an unknown area of the world, through use of OME Professionals and appropriate sources to estimate the location, time and method of the placement of these munitions. The job roles for each are shown out as below: 
	Role requirements 
	Personnel 

	PID (Positively Identify) the munition, including its construction 
	Marcus Baker-Wells & Kieran Wusthoff 

	Determine the safety considerations for a mass explosive hazard (using IATG) 
	Alexander Halliday tbc 

	Breakdown methodology (in an ideal situation) 
	Ben Palmer-Drury 

	Test and evaluation of explosive filling (post breakdown) 
	Thomas Volpato 

	Safe to move decision 
	Kris Bhudoye  

	Physical disposal of the assets 
	Kris Bhudoye & Ben Palmer-Drury 


[bookmark: _Toc184834638]Figure 1, Job Roles and Responsibilities. 
50 boxes of an unknown bit of OME need to be identified correctly, assessed to determine its internal explosive fill and the safety of disposal in situ or thus relocation. This unknown munition seems to use the Cyrillic alphabet the box and was found in an area known to hold numerous ‘legacy’ OME used for acts of nefarious individuals or groups. The surrounding area maintains hospitals, religious buildings, an old army/navy base and a populated market, crucial to the surrounding economy. 
This portfolio discusses of the disposal and transfer methods of the munitions, the Test, identification and evaluation of the chemical components, as well as the safety of the surrounding area and disposal of munitions. The portfolio is presented chronologically.
[bookmark: _Toc184833210][bookmark: _Toc184834619]Positive identification 
The article in discussion was found in a “Bomb Dump” underground (Potential Explosive Site 1 (PES1)). This site is located at point:[image: A screenshot of a number
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Figure 2, Coordinates for UXO.
These coordinates give a location of an old Yemenis fort containing PES1, leading underground, under a small, inhabited building to outside the fort walls (Figure 2). 
[image: An aerial view of a city

Description automatically generated]
[bookmark: _Toc184834639]







Figure 3, Map View of Yemenis Fort
The surrounding inhabited buildings suggest this was once a manned/guarded potential explosive area with either UXO’s or large legacy items not including the unknown munitions that were uncovered. PES1 leads underground, stopping under a block of flats, loosely highlighted in Figure 2. The direct threat to human life creates more potential hazards and risks. 
The explosive itself has loose numbers and markings, possibly in Cyrillic (Figure 3). The numbers suggest this is either Gross Weight (GWT) or Net Explosive weight (NEW/NEQ/NEM . 
[bookmark: _Toc184834640][image: A group of wooden barrels
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Figure 4, Unknown Munition Container
[image: A pile of wood logs

Description automatically generated][bookmark: _Toc184834641]Figure 5, Unknown Munition with top removed.


If found in Europe, identifiers could assume this munition had a NATO Standard Number and use defence munitions systems to identify it, similar to those in the UK defence industry.
Other marking indicates the weight equalling 166 Kilograms as the GWT. The Net Explosive Quantity is 135 Kilograms, the chemical fill potentially being long-lasting. From the information provided, we can assume that the fill is consistent of TNT (trinitrotoluene), as TNT is a yellow crystal formation, matching the description of the munitions. [bookmark: _Toc184834642]Figure 6, Information given by lecturers
· There are 41 wooden cases laid beside one another in a crescent-shaped tunnel. Each case is touching the next (see left hand image of previous slide). 
· In the center of the tunnel, there are 9 cases laid in a double stack (5 on the ground with 4 above – see right hand image)  
· Markings on case translate to BB-1.
· Case Dimensions – 700 mm diameter x 800 mm length
· Internal dimensions of cylinder 432 mm diameter x 711 mm length
· All-up weight (AUW) estimated at 166 kg from the package markings
· A pistol 305 mm long and 115 mm maximum diameter appears to be fitted to all but one munition.
· Fine yellow crystals are apparent on the visible threads around the piston.

The above information creates numerous risks. However, from the same information you can start to research the type of munition using bullet point three (Figure 5). Preliminary researching “BB-1” suggested links to various World War 2 weapons used by the USSR [1]. From this, we can assume that the unknown munition is a BB-1 Depth Charge, as all information including weight and NEQ are similar as well as dimensions: 
	
	Unknown Munition
	BB-1 Depth Charge 

	Weight 
	166KG
	363.7 lbs. (165 kg) [1]

	NEQ
	??
	300 lbs. (135 kg) TNT [1]

	Dimensions 
	432mm x 711mm (INTERNAL)
	720mm x 420mm [2]

	Markings
	BB-1
	BB-1 [1]



There are similarities between both the unknown munition and the BB-1, hence the estimation that these are the same item [2].
[image: A drawing of a device]
[bookmark: _Toc184834643]Figure 7, BB-1 Technical Image
[image: A metal pipe with a yellow stripe]This raises further issues upon visual inspection, including identifying the extruding substance is from the BB-1s and the attached fuses. The BB-1 contains are distinct types of fuses which all have different primary explosive substances and physical arming devices. This meant that all fuzes had to be compared to each other and as a group there was a unanimous decision that the K-3M fuze was the correct and current fuze for the period the BB-1 was left in the PES1. This is due to the evidence gathered that the K-3M was extremely similar in the shape of the fuze in the technical image (see below for comparison), [image: A drawing of a device]
The images show many similarities, including the hook/pin at the end (shown by red arrows) and the distinct declining steps (shown by yellow arrows). In addition, there is a Polish document [3] which upon translation, explains how the K-3M works, how to arm and other vital information. [bookmark: _Toc184834644]Figure 8, Technical Diagram for K-3M.
[bookmark: _Toc184834645]Figure 9, K-3M Fuze Overall




A key point of supporting information includes “it consists of a firing pin, two springs, a connecting frame, two balls and a shaft” [3] , as shown in Figure 8.
[image: ]Figure 9 shows the firing pin, two springs near the firing pin and the shaft from the K-3M section, in the translated document. The shaft contains 4 confirmed booster pellets of Tetryl (C7H5N5O8), (“inside which are four cubes of tetryl weighing 80 g each”[3]) as seen in Figure 8. A booster is a key component of the explosive train and is typically made up of a primary explosive, boost and main charge. These then propagate the other charge, typically leading to a detonation. The primary explosive within the fuze could be one of four different variations used by the USSR around that time period, including VH2, VH4, RD1651 [4]. These are a lead salt base with tetrazine typically used by the Russians according to a QinetiQ expert. VH2 comprises of multiple chemical substances, including barium nitrate, lead styphnate, calcium chloride, antinomy sulphide, lead peroxide and tartrazine. VH4 consists of barium nitrate, lead styphnate, antimony sulfide, tetrazine. RD1651 consists of lead Dinitroresorcinate, barium nitrate and tetrazine. Each of these substances could indicate the hazards posed by the fuze and how to work around those hazards, including ignition temperature and sensitivity. Another key part of the fuze interworking is the gunpowder delay and the primer (Figure 10). These all form an explosive train which can be used to arm and set the BB-1 to detonate at specific depths to attack or damage submarines, as it is hydro-sensitive. [bookmark: _Toc184834646]Figure 10, K-3 Fuze Cutaway Internal View

The fuse would undergo an explosive train when armed; hydrostat, striker, primary substance pellet, gunpowder delay, primary pellet, tetryl boosters and then the main fill of TNT. Hydrostat

[image: A close-up of a metal device
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[bookmark: _Toc184834647]Figure 11, Internal of a K-3 Fuze


One other hazard would be the natural environment of the PES1. PES1 is a danger due to the environment of the unstable tunnel which houses the BB-1s as structural integrity is unknown, including its materials. With the danger of various UXOs, clearance (FOD check) prior to commencement would also need to be completed as part of a dynamic risk assessment for the environment.
[image: ][image: ][image: A red circle with black background
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[bookmark: _Toc184834648]Figure 12, Tunnel Entrances and Exit
[bookmark: _Toc184833211][bookmark: _Toc184834620]Safety
Human, environmental and geopolitical hazards create serious risks. This task requires significant safety regimes for the duration of the task and the handling/movement of the explosives, with As Low As Reasonably Possible “ALARP” being considered throughout.
The unseen nature of surrounding environments and the UXOs risk requires thorough dynamics assessment. An FOD (Foreign Object Debris) check on arrival by the disposal team, consisting of standing in a line and “sweeping” the area in front of staff with either a metal detector or their eyes for visual inspection, is required. This highlights any risks or dangers which could then be disposed or remedied before the setup of the required facilities needed to complete the task. These include various undercover locations, operations centre building, mobile conditioning chamber, vehicle area (roofed) and various security points. Undercover locations should include restrooms, toilets and various storerooms. These locations would be secured when not in use to protect expensive or dangerous equipment. 
An operations building would house the shrike or the firing unit for the equipment, acting as a control point for the whole fort. This would also house a connection to the internet as to contact others and gain information if needed but also to function as a fall-back point in case of a security breach or a location to reach out for medical attention. 
A mobile conditioning chamber would be needed to effectively and safely store the explosive items being used for the disposal at a safe temperature, aligning with Explosive Regulations 2014, crucial considering PES1’s environmental average temperature. This also protects the OME from heat, light, friction and pressure. The vehicle area would be used to help protect vehicles for security and in case of a high order event or potential damage to the vehicles.
Various security points would be needed throughout the activity to help protect the disposal team and the general public and prevent incursions from the known terrorist groups native to Yemen (“Al-Qaida in the Arabian Peninsula (AQAP) and Islamic State). Yemen have tribal connections and in the governorates of Abyan, Marib, Hadramawt and Shabwah.” [5]) .  Therefore, UN Coalition should aid in protecting the disposal team as there poses an elevated risk to Western operators who could be employed to do this task. 
[bookmark: _Toc184834649][image: ]Figure 13, Security Check Points.
Figure 13 shows where various security check points would be to keep the local population safe and teams inside the fort secure. These points could be manned by UN forces, with road closures to restrict public interference. However, this could have an adverse effect due to the increase of movement bringing more attention to the operation than desirable. This would have to assessed under a dynamic risk assessment when the team visually inspects the fort. 
[image: An aerial view of a city

Description automatically generated]The task requires a disposal of 6766 kilograms of explosive content. This is a mixture of gunpowder, TNT and tetryl and other flammable substances that could added to the positive pressure wave created by the detonation. From the technical data provided, one main health concern is the yellow crystals which are surrounding the pistons of the BB-1s. This indicates a physical, health and environmental concern as this substance could be on the surrounding floor, potentially being tracked into living accommodations or it could get into or on the skin of the team causing carcinogenic related injuries or illnesses. Separately a single BB-1 high ordering would not be a detrimental outcome as it is 135KG NEQ, as seen below using the IATG calculator [6].[bookmark: _Toc184834650]Figure 14, 1 BB-1 Depth Charge High Ordering Quantity-Distance Map.

Figure 14 shows the variables added to the IATG Quantity-Distance map from the provided information. The purple area highlights the vulnerable building distance being 230 metres, whilst the green area is the Inhabited Building Distance (IBD) being 400 metres. The yellow zone shows the public traffic route distance, measuring 270 metres. These variables show the danger areas for relevant locations and various traffic routes, to guide the disposal team to inform or implement measures to mitigate disruption to the daily lives of the local population. As there is one BB-1 Depth Charge, a large proportion of danger to the surrounding population or inhabited buildings maintains. As this is a fraction of the gross weight of explosive content within PES1, the danger with leaving the unattended depth charges there is highlighted.  Figure 12 shows all up explosive content being detonated if done via an accidental high order or through another means of ignition.[image: A map of a city
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[bookmark: _Toc184834651]Figure 15, 6766 Kilograms of Explosive in the Fort. [6]
Figure 15 shows the Vulnerable Building Distance has increased greatly (by 610 metres), whilst the IBD distance has only increased by 20 metres and the public traffic route distance has increased by 10 metres. The main reason the IBD zone has increased so significantly is due to the greater force pushing the materials of the surrounding area and the PES1 tunnel out further, creating a larger fragmentation range in the event the munitions detonate. 
	
	1x BB-1 Depth Charge 
	50x BB-1 Depth Charge 

	Noise (db.) [7]
	1102.93
	4066.45

	Window Breakage (m) [8]
	Small Window: 133.38
	Small Window: 491.76

	
	Medium window: 215.46
	Medium window: 794.38

	
	Large Window: 482.21
	Large Window: 1777.89

	Ground Vibration [8]
	371.81
	2632.18

	Injury/Fatality to personnel [8]
	Fatal Distance: 11.84
	Fatal Distance: 43.65

	
	Lung damage: 18.77
	Lung damage: 69.19

	
	Eardrum Rupture: 48.25
	Eardrum Rupture: 177.90

	Damage to brick structures [8]
	Houses completely demolished: 8.59
	Houses completely demolished: 87.82

	
	Houses badly damaged, beyond repair, require demolition: 12.71
	Houses badly damaged, beyond repair, require demolition: 129.91

	
	Houses rendered uninhabitable, can be repaired with extensive work: 22.20
	Houses rendered uninhabitable, can be repaired with extensive work: 226.88

	
	Houses rendered uninhabitable, can be repaired reasonably quickly: 38.13
	Houses rendered uninhabitable, can be repaired reasonably quickly: 389.72

	
	Houses require repairs, serious inconvenience but remain habitable: 76.25
	Houses require repairs, serious inconvenience but remain habitable: 779.44



The above information highlights the dangers and the disruption it would cause to the surrounding area if not disposed of by the team in a correct and efficient safe manner. This information was calculated using the rule that the range from munition to structure was 0 meters, this is because the munitions are in an underground structure already and hence there Is no distance from the BB-1’s to a man-made structure, as it’s already in one. In the OME industry there are ways to classify OME with and international code known as Hazard Divisions, these help staff using these articles to understand the dangers they pose and what their intended use is, for these munitions in this section there is a clear indication to a mass explosion hazard, this means it will be classed as 1.1 and the munitions are fused as well and therefore have a way of arming and initiating themselves so this would then be classed as 1.1F, F meaning it contains a secondary detonating explosive substance  with its own means of initiation with a propelling charge or without a propelling charge. 
[bookmark: _Toc184834621]Test and Evaluation 
In this evaluation of the report the author will discuss and explain the details of the procedure as well as how it would be conducted in either an “in theatre” procedure and a from new Test and Evaluation. The new Test and Evaluation procedure will be based on trials and tests conducted via the current defence industry for new pre-service munitions, at various MOD sites and Test and Evaluation ranges. The “in theatre” procedure would involve various testing kits and different anti-static and conductive methods.
Procedure 1 is the procedure for if the munition if it was coming to the United Kingdom as a pre-service munition. Obviously in a current world this would be extremely hard to believe and put into practise due to the current climate, but this shows the full process and diagnostic methods which the team have concluded to be the best way of testing and evaluating the BB-1 Depth Charge. This will first start with the transport and shipment of a BB-1 Depth Charge to the United Kingdom, specifically MOD Shoeburyness. This would be to be cut using a “range saw”, this is a band saw which is specifically used to cut large OME natures. The Band Saw would be able to divide the charge into smaller portions to then comply with various T&E sites explosive licenses issued by the Health and Safety Executive. This will be done to also obtain a CAD (Component Authority Document) form to allow contractors to move the sectioned part around the country without needing EOD units to move it ,as they are the only team within the UK who have authority to move OME without CADs. However, the first challenge would be to get it moved into the UK. This requires transport by either boat or by air, each commanding a different variation of compliance and standards. IATA, International Air Transport Association International Dangerous Goods Regulations [9] and the International Maritime Dangerous Goods (IMDG) code [9]. Once the depth charge gets to the UK it then will have to transported via road to MOD Shoeburyness to be stored and put through its trials and sectioning there, this commands all relevant ADR paperwork to be written up by a the consignor (this shall be the sender) and to make sure a relevant CAD or approval by DOSR has been issued, once this has been done two ADR qualified drivers in either an EX2 or an EX3 will drive to the MOD range.
[image: An aerial view of a green field
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[bookmark: _Toc184834652]Figure 16, Environmental Test Centre
Whilst at MOD Shoeburyness the munition will undergo various tests and trials, some being at the Environmental Test Centre (ETC, as seen above in figure 14) and others being at the main site undergoing trials there. The tests at ETC would consist of vibration testing, environment testing such as sand blasting and radiography (X-Ray). These tests would indicate the ability to withstand shock and the elements whilst also being able to see the structural make up and how the munition is coping with the trails and ensuring a safe storage of the OME nature. The vibration testing would allow the customer (in this case would be the Soviet/Russian government) to see how the test affected the article was strained within a safe environment and could improve on this if there was a catastrophic failure or know if the article can last a certain amount of shock and violence against it, allowing it ,for example, to be signed off to be put onto battleships that go into harsh ad abrasive conditions. The environmental testing would be testing the tolerance of the article by using temperature conditioning at a mixture of temperatures to simulate different climates (typically one below 0°C and above) but should also be used to blast the munition with sand simulating different geographical environments. As an added test ETC has a Lansmont machine which can replicate G level and waveform, typically used to test for UNDEX (underwater explosion) which can be simulated to a very high level. With all these tests and trials there is a requirement to have the OME article to be broken down, this will require anti-static PPE and conductive PPE depending on the building used. This would also need to have non-ferrous tools to mitigate the risk of an initiation. Once this has been passed and signed off from the testing, the munition would then be sent to a battery at MOD Shoeburyness to be cut as mentioned above, the range saw would then be set to a slow cutting speed with a coolant to prevent spark or heat build up which will mitigate the chances of a high order. Below is a map to show the preposed cutting ground at a Battery within MOD Shoeburyness, showing the danger and various affected areas similar to figures 13 and 12.
[image: A screenshot of a computer
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[bookmark: _Toc184834653]Figure 17, MOD Shoeburyness Cutting Ground.

Once these sections have been cut, they will then return to the OME teams on site to be processed and put into the correct packages, these will then be shipped to Fort Halstead to have various chemical tests and EMTAP testing done (Energetic Materials Testing Assessment Policy) this ranges from impact testing to spark testing, or rotter impact testing and ignition testing. Impact testing can be done with various mallets and other tools which will help the EOD operators to understand the limits of impact the munition can take, where as the spark testing is as it sounds where the scientist will see at what levels a spark would ignite the substance using a contained insulated holder which have conducting strips placed upon them so the flow of current can go through the sample and this is done 50 times until the substance does not detonate until the substance does not ignite/detonate. Rotter impact tests are trials which measure how well explosives cope under the weight of a falling object. Ignition testing helps understand at what sensitivity the substance inside the article would ignite, usually measured in Joules. After these tests have been done a chemical confirmation test will be done to determine the main fill of the charge using a Swab and FTIR test (Infrared Spectroscopy) , this will then confirm the main fill substance of the sectioned article. 
Each of the EMTAP tests will and have given a result (from previous tests) which can be shown within the table below: 
	Material 
	Spark 
	T of I 
	Rotter Impact (F of I) 
	Rotary Friction (F of F) 
	Mallet Impact 

	Tetryl 
	Ignitions at 0.45J but not at 0.045J 
	183°C 
	84-108 
	3.5-5.4 
	Ignitions Steel on Steel, nil on else 

	Aged Tetryl 
	Ignitions at 4.5J but not at 0.45J 
	174°C 
	93-114 
	3.45-4.25 
	Ignitions Steel on Steel, nil on else 

	TNT 
	Ignitions at 0.45J but not at 0.045J 
	265-302°C 
	90-120 
	4.1-4.3 
	Ignitions Steel on Steel, nil on else 

	Gunpowder 
	No ignitions at 4.5J 
	305-323°C 
	126-170 
	Out of range 
	Nil on Steel 

	Lead Styphnate (Dry) 
	Ignitions at 4.9μJ, not at 3.6μJ 
	268-269°C (Explodes) 
	19 
	1.7 
	 

	Lead Styphnate (Wet) 
	Ignitions at 0.9μJ 
	269-271°C (Explodes) 
	94 
	5.8 
	 

	VH4 
	Ignitions at 127μJ but not at 93.6μJ 
	279°C (Explodes) 
	7-12 
	0.1-0.2 
	 


[bookmark: _Toc184834654]Figure 18, Table of EMTAP data. [10]
This gives data to the operators on the ground who can understand greater about the threats each part of the munition poses, and which parts could take more brunt force or stress than others. It could also help them by letting them understand that if there is leaking Lead styphnate then it could be wetted with an acetone or another desensitiser. 

Procedure Two, this is the procedure the Disposal team would undertake in the real situation. This meaning that all the testing and evaluation would be done in Yemen either inside or outside the PES1. To complete these tasks the first thing that would need to be done is to identify the [image: ]extruding substance which appears to be coming out of the fuse, to identify this the Team would use a device called: Apex R7 RAMAN [9]. [bookmark: _Toc184834655]Figure 19, Apex R7 RAMAN

This would be used to safely identify the unknown substance to confirm the extruding substance, on the other hand if this was unavailable or the equipment was not available then an explosive spray detection kit [11] would be used to also identify the substance. When the substance is confirmed then the team would have a greater understanding of the way to dispose of the articles in questions and the hazards involved with said substance. The hazard which can crop up for the EOD team would/could be the risk of handling carcinogenic substances without the correct protective personal equipment. When this would be confirmed with the relevant equipment, the disposal team would then discuss a relevant disposal render safe procedure (RSP) in conjunction with the EMTAP data in figure 16. This would determine the different RSP and how the disposal team would go about making extruding substances insensitive or the substances inside the fuze or main fill, the figure 16 table also helps identify the best way to attack the BB-1 charge. Now as this would be the extent of what the team could do within the Fort without exposing themselves to greater harm. With this the team would use the man portable X-ray 300kV System to get a look into the BB-1 and to determine if the charges have any armed fuzes or dangers within the mechanisms. This would again determine and challenge the RSP and the way of attack for the charges. 

[bookmark: _Toc184834622]Disposal
In this section of the report, it will cover the entire of the disposal task with reference to previous points mentioned in others segments of the report. The disposal task would be conducted via experienced OME professionals who have proven OME knowledge, this would then cover a wide range of knowledge and technical skills/data which could be useful when the hand on process is underway. 
Firstly, the decision to determine if the article would be safe to move can be determined by the flow chart below: 
[image: A diagram of a safety system
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[bookmark: _Toc184834656]Figure 20, Safe to move Procedure.
After the safe to move procedure was formatted various different processes were considered, these included high order and low order techniques. The differences between high order techniques and low order is that high order disposals usually involve large danger traces where the fragmentation off of the munition could be launched great distances and are usually less technical, low order techniques involves either piercing the munition or cutting it open to initiate a burn but with low ordering the operator always has to accept the chances of a low order disposal could turn into a high order event.  
High order techniques typically involve detonating the whole  In terms of the high order techniques they were immediately cast aside due to the safety factors of detonating an all up NEQ of 6766 Kilograms or even 135 kilograms of NEQ, as seen in the safety section there would be significant damage to the local population including  primary (blast damage) ,secondary (fragmentation injuries) and tertiary injuries (blunt trauma) as well as the risk of drawing unwanted attention to the operation. With the high order option not posing a viable solution the team turned to the other well known low order options. 
These options of the low order techniques would involve, cutting linear charge, fire ant/mega torch and baldric/shaped charges. When using the Cutting linear charge it would be used to cut the depth charge open to initiate a burn using a form of flame creating device like a FIE (Flare Igniting Electric) which connects to black and tan wire to safely ignite the main fill within the BB-1, the problem which comes with this would be the fuze being in the OME whilst this happened and the team would want to avoid removing the fuze at all times as well as the detonation of the CLC inducing shock into the article which could then cause an accidental high order. With the fire ant/ mega torch there was problems and concerns with the ignition temperature of TNT and the low heat given out of the fire ant which would in turn not burn out the main fill TNT, it also has had previous evidence of failure which would be unfavourable in the environment they would be put to work in [13]. Baldric is a shaped charge EOD method which creates a sharp point which would be used to pierce the shell of a munition, these typically come in assorted sizes depending on the thickness of the case. This was also ruled out due to the heightened shock that would be induced onto the BB-1s which would be unfavourable and could again lead to a high order event. 
A more effective way of not inducing shock to a munition to access the main fill is by trepanning it (cutting) using a non-explosive device. With this in mind the team did research and returned with the disposal method of trepanning and steaming, this would entail the use of the Trepanning and Steaming machines which the reader can see below in figures. With this there will be a large excess of liquid TNT needing to be disposed off which will be open burnt due to it having a greater surface area as well as a high critical diameter and therefore reducing the chances of a high order. 
[image: A collage of several machines
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[bookmark: _Toc184834657]Figure 21, Steaming Machine. 		Figure 22, Trepanning Machine.

[image: A machine on the grass
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Description automatically generated]These machines would be ideal in the disposal process due to the lack of shock and stress it would put on the main TNT fill, this therefore mitigating the risk of an accidental high order or a detonative incident. These machines would be used in conjunction with the layout plan for the Fort which would be the disposal team’s demolition ground. The layout plan ,which can be seen below, would give greater safety precautions as well as allow the team to clearly dictate the movement for the explosive article using HESCO barriers and traverses. With the set up in Figure 18 the reader can see that the disposal team would have two different exits of the Fort for safety in case they need to evacuate in either an OME related issue or an attack from various terrorist groups. The CP is the Control Point from which the trepanning and steaming would be remotely operated from as well as the unmanned robot which will be discussed shortly. The Munitions Storage Bunker (MSB) is the PES1 just with a varied name. The PBG is the Proposed Burning Ground which is where the articles would be cut and steamed. This is also the same area which the liquid TNT would be burnt off in an open burn. [bookmark: _Toc184834660]Figure 25, Indian Airforce Daksh.
[bookmark: _Toc184834659]Figure 23, Fort Disposal set up.

[bookmark: _Toc184834658]Figure 24, Path to PBG for UXOR.

The BB-1 charge is still in an unknown condition when the operators would get on site so a mobile X-ray would be used to assess the condition of the fuze to see if it was armed or not. If it is armed, then the fuze well would be frozen using a Freeze Neutralisation Kit which would stop the moving parts within the fuze and allow the team to move the OME safely without greater risk. The movement of the munition is going to be done via an Indian AirForce UXOR called the Daksh [14] which can lift up to 1000 kilograms, well within the need for the 166 kilograms of BB-1 Depth charge.  This would be used to travel the required distance from the PES1 to the PBG, the path would be cleared off all obstacles and even be protected with blast measures such as HESCOs and traverses of built-up sand/mud. The distance this robot can be controlled up to is 500 metres which is well within the distance between the control point and PES1 to the PBG, so this robot could be controlled from the CP to go anywhere within the required spaces. 


[image: A blue and red spray can attached to a wood block

Description automatically generated]Within the PBG the set up would be as shows below. This is designed to mitigate against blast so the machines inside the HESCOs are protected and they are set up within the two walls already standing in the fort because those walls have been proven to withstand a Bar Mine as [image: A map of a building

Description automatically generated]tested in Afghanistan by UK forces as well as trialled within the UK. These would add as extra protective cover. Once these have been set up the trepanning machine would be set to a low-speed cut with a coolant to reduce the friction or heat build-up this would be done three times , one on top and two on the bottom, for one article as the team would not want the pressure building up inside of the BB-1. After this the Steaming machine would then be put into one of those holes to start the disposal process and the liquid TNT would go into a pan underneath to collect it. After the TNT was turned into a liquid and set out into a large pan to be burnt off there would a similar process for the fuse which was attached, the fuze would be burnt out using a remote butane torch to combust any explosive substance inside, this would have to be placed inside the BB-1 case to decontaminate it and to ensure the Tetryl was burnt off. If this fails, then a fire ant would be used to then low order the fuse into a deflagration. Due to weather conditions two days would be unable to conduct any OME movement due to the threat of thunderstorms, but in total the time spent in country for the disposal team would be 60 days. This is the time due to the cultural holy day in Aden being Fridays which the team would respect. Also, any staff undertaking this role would need to have multinational EOD experience as well as construction experience due to the building and movement of large vehicles that would be used. [bookmark: _Toc184834661]Figure 27, Remote Butane Torch.
[bookmark: _Toc184834662]Figure 26, PBG Diagram.
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[bookmark: _Toc184834663]Figure 28, Weather Graph.
  
[bookmark: _Toc184834623]Reflections and Conclusions
In conclusion to this project, the disposal of the nearly 7 tons worth of mixed explosive substances has been an interesting and exciting project which has real world factors to consider such as the political and cultural unrest in Yemen, as well as the various methods of disposal that the team could have undergone and have discussed at great lengths to ensure the safest RSP as well as the most efficient given the climate and challenges faced with the sensitivity to water and shock. Within the presentation the writer thought there was a great deal of information to be imparted onto the viewers without being overly ‘wordy’. The author also think it catered to all viewers regardless of their backgrounds within the industry which was something the group was aiming for throughout, the writer also thinks they have done that with the report the assessor has just read. Within the presentation the author found it hard to start off but as it went on, Marcus leaned into it and spoke more clearly and with greater detail ensuring he did not read off a set script but kept speaking to the audience. 
In reflection to the report itself, the author would have found it a great academic achievement if there was an opportunity to attempt these theories the group has come up with in a safe environment (QinetiQ range or likewise). This could have possibly been arranged with funding from departments within the company and then the information gathered from that could have then been fed into the report or presentation. Leading on from this the report could have done with a greater word limit as this was a large project to try discussing in 5000 words but none the less was a great challenge and the author would not be disgruntled if they had to go through another project similar. 
Overall, this project has been a highlight of the course and a great end. This has enabled the author and the group to use the knowledge they have obtained and the professional skills they use daily at work. 
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