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[bookmark: _Toc184896241]Introduction
	For this assignment, OME students are tasked to work as a team to dispose of foreign legacy munitions in a foreign country. The lecturer gave the students a brief to set the scene. This document displays the different methods they have developed to safely dispose of and break down the munitions with minimal impact on the surrounding environment. They will also outline which method was desirable based on safety and practicality. The reader can also see all research that was carried out to positively identify the munition and all safety considerations. They will also discuss what test and evaluation the students decided was best to carry out and what they can learn from each test. Finally, the Render Safe Procedure explains the procedure the OME experts would like to implement to break down and dispose of the munition.
	This group consists of Kieran, Kris, Ben, Marcus, Tom, and Alex. Each student will be allocated a role within the team. 
[bookmark: _Toc184896242]Brief
	A group of OME experts have been tasked with identifying, breaking down, and completing a render-safe procedure for fifty unknown explosive articles found within a tunnel beneath an old fort. This fort is situated above a small town comprising 9,000 inhabitants in the country of Yemen.
	Brimstone (a company that specializes in and is responsible for disposals) believes the explosive articles to be former Soviet Union depth charges. However, they are unable to confirm this. The OME experts must: 
Carry out research and development to positively identify the item and assess the performance of the explosive article (e.g. the blast/fragmentation risk and explosive filling). They will also research the country and surroundings.
Determine the safety of all considerations. Here, the experts will analyse whether moving the explosive articles to an alternative location is safe. They will also look at what could occur in the event of a mass explosion and how this may affect the surrounding area. It is recommended that the OME experts should use IATG. This will clearly identify the distances at which public traffic routes and inhabited buildings would be affected and to what distance buildings could be considered vulnerable.
Disposal and breakdown of the explosive article. The OME experts will create a render-safe procedure here. This procedure will specify the different disposal options they have developed, including the location, type of facility, and equipment required for each option. Detonation, deflagration, and burning should be considered.
Test and evaluate. The experts discuss what tests they would carry out on this article and why. They will explain what results each test could tell them and how it may influence their decision on the final disposal method.
	Each of the previous roles mentioned will be issued to the team of six.
Figure 1 below shows the image given to the OME experts. This is the image they must use to identify the article positively.
Figure 1: Unidentified foreign munition



[bookmark: _Toc184896243]What is known from briefFigure 2: Aiden Peninsula

	The location of the foreign munitions can be found on coordinates 12°47'01.0  "N 44°58'38.0" E. Researching these coordinates takes you to a peninsula in Aiden, Yemen (Figure 2). On the top left of this image is a fortress. Within this fortress are two entrances to a tunnel (Figure 3). The exact coordinates to the tunnel entrances are 12°47'09.1  "N 44°58'28.0" E. These entrances provide a single entry and exit point to the facility. Figure 3: Tunnel entrance and exit

The dimensions of this tunnel are 2 metres high and 2 meters wide, stretching over 50m in distance (entrance to exit) in a continuous loop. 
	Twenty-five metres into the tunnel, what are thought to be 50 depth charges can be found (Figure 4). They are stacked next to and on top of each other. The markings on the case translate to "BB-1." 
The dimensions of the cases are 700mm in diameter x 800mm in length, and the internal dimensions of the munitions are 432mm in diameter x 711mm in length. According to the page markings, the munition's All-up Weight (AUW) is estimated at 166kg. A pistol with a maximum diameter of 115 mm and a length of 305 mm seems to be installed in all but one munition.Entrance
Exit
20 m
10 m
Figure 4: The stack of munitions

Finally, fine yellow crystals appear on the visible threads around the piston.
The surrounding area is densely populated, with buildings such as hospitals, houses, churches & mosques, and government buildings.
[bookmark: _Toc184896244]Roles and Responsibilities
The roles and responsibilities assigned below are based on each individual's skills and relate to their day-to-day work within the industry. Before commencing this project, a meeting was organised with all individuals to ensure they would be happy with their assigned roles and responsibilities. Table 1 below displays the roles and responsibilities assigned.
Table 1: Roles & Responsibilities
	Role and Requirements
	Assigned to…

	Research and Development: positively identify the munition and its filling and components. Research on the surrounding area will also take place. 
	Kieran Wusthoff, Marcus Baker-Wells

	Safety: Determine all safety considerations regarding the explosive article, personnel and civilian safety.
	Alex Halliday

	Breakdown: The methodology of the breakdown process, both ideal and real life.
	Ben Palmer-Dury

	Test & Evaluation (T&E): Discussion of different test that will be carried out, both ideal and real-life
	Thomas Volpato

	Disposal of the Explosive articles: The render safe procedure, and movement of the explosive articles.
	Kris Bhudoye, Ben Palmer-Dury



[bookmark: _Toc184896245]R&D (Identification)
[bookmark: _Toc184896246]The Location
	Before any work is carried out for this disposal, it is essential to understand the country of Yemen and the city where the munitions are stored, Aden. 
	Yemen is a county located in the southwest corner of the Arabian Peninsula with a population of approximately 33,513,000. It is separated from the continent of Africa by the Gulf of Aden (to the south) and the Red Sea (to the west). It is predominantly an Islamic country, the first language of which is Arabic. The Suez Canal's exit has significantly influenced the Yamens' country, culture and population. It is at the crossroads of modern trade and communications routes. Yemen is one of the world's poorest and least developed countries despite the economic advances in the 70's. With only 3% of the land being arable, it is highly dependent on the importation of goods. One industry the Yemenis can rely on is the fishing industry. A vast array of commercially valuable fish and crustaceans can be found in the waters of the Red Sea, the Gulf of Aden, and the Arabian Sea. With the growth of this industry, it has led to essential economic development in the country [1]. The current leader of Yemen is Rashad Muhammad al-Alimi. His official title is Chairman, Presidential Leadership Council. It is important to note that Yemen has been in a state of political crisis since 2011, with numerous civil wars in the past few decades, making it a volatile country [2].
	The largest city in south Yemen is Aden. This is the city in which 50 unknown explosive articles are located. Aden is found in the tip of the southwest and has the largest seaport of its country. Little Aden is the name given to the peninsula enclosing the western side of the harbour [3]. The Port of Aden's mission statement is "To act as a regional cargo handling, transhipment and distribution centre, provide high-quality services to port users, to bring the Port of Aden back to its former role as the premier maritime centre for the region and to support the economic development of the city of Aden and the country” [4]. The port of Aden is located approximately 1.35km away from the munition’s storage bunker as the crow flies (according to Google Earth). As the nearby port is a vital part of the local economy, the OME experts must ensure that any work carried out during the disposal and breakdown process does not affect the port.
	The OME Experts are told that the explosives are in an underground tunnel within a fort in Aden. Aerial images, Figure 2 and Figure 3, were given in the brief showing where the fort was located. However, the name and nature of this fort still need to be discovered and provided in the brief. Upon further research of the fort using Google Maps and Apple Maps, the name of the fort still needs to be found. When researching the topography of the fort (and surrounding area) using the Ordnance Survey website, the fort's name was Fort Marbut [5]. When researching Fort Marbut, results for Fort “Morbut” show instead. Because of this, the OME experts assume that the spelling of this fort has potentially changed through translation. For this report, it will be referred to as Fort Morbut. Even when knowing the fort's name, it was still proving difficult to find Some research has been done on what it was used for and when it was built. A few results claim that Fort Morbut was used as an interrogation centre by the British during the 1960s. RAF Streamer Point is also a point of interest, located near the Fort Morbut complex [6]. The experts could find the fort's name, who had occupied it, and what it was potentially used for. Figure 5 shows an image believed to have been taken within Fort Morbut [7]. Figure 2: Fort Morbut

[bookmark: _Toc184896247]Positive Identification of the Munition
	In the brief, the OME experts are given the dimensions of the package and the munition (432mm diameter x 711mm length), weights (AUW 166kg), and package markings, which were translated to “BB-1”. The information supplied also states that it could possibly be a depth charge. From this information, the OME experts can further research the munition to better understand what’s at hand.
	Following the research, the experts can confirm that the explosive article(s) in question is the BB-1 depth charge. This is a depth charge used by the soviet navy during WWII and the Cold War. It is a larger variant of the BM-1. The Soviets (Russian speaking) knew the BB-1 is known as Бомба Большая (Глубинная), which translates to “large bomb” (depth). The BM-1 is known as the Бомба Малая (Глубинная), which translates to “small bomb” (depth) [8]. Further research leads the OME experts to confirm the weight, dimensions, and NEQ regarding the depth charge. An analysis will be carried out on both to compare the two different types of depth charges.Figure 6: BB-1 Depth Charge

[bookmark: _Toc184896248]BB-1 Depth Charge
Table 2 BB-1depth charge
	Date of Design
	N/A

	Date in Service
	1933

	Total Weight
	363.7 lbs. (165 kg)

	Explosive charge
	300 lbs. (135 kg) TNT

	Sink rate / terminal velocity
	7.55-8.2 fps (2.3-2.5 mps)



[bookmark: _Toc184896249]BM-1 Depth ChargeFigure 6: BM-1 Depth Charge

Table 3 BM-1 Depth charge
	Date of Design
	N/A

	Date in Service
	1933

	Total Weight
	90 lbs. (45 kg)

	Explosive charge
	55.1 lbs. (25 kg) TNT

	Sink rate / terminal velocity
	6.9 - 7.55 fps (2.1-2.3 mps)



The information above shows that [8] they have a completely different explosive charge. Analysing this is essential, as confusion between the two charges could affect how the contractors carry out safety assessments, tests and evaluations, and Breakdown and disposal processes. It’s important to note that the contractors will work towards the idea that every explosive article is a BB-1 depth charge and that the BM-1 will not be discussed further. 
[bookmark: _Toc184896250]Fuzes
	The fuze installed in the BB-1 charge is believed to be either the K-3 or the K-3M. The K-3 fuze could detonate between 10-210 metres below the surface. This fuze consisted of a hull, a delay device, a firing mechanism, a control, a hydrostat, and a detonator. The depth at which the fuze would detonate could be adjusted with a firing key (on the fuze itself), selecting depths of 10-210 meters. When the fuze is set to detonate at the desired depth, the depth charge will be dropped. Once the depth charge reached the depth set on the fuz
e, the mechanism would function to detonate the primary and secondary (main charge) explosives. [9]
 The K-3M fuze was an updated version of the original K-3 fuze. The updated version meant it could be detonated to a depth of 330 metres instead of the original 210. This increased the capability of the depth charge. Besides the depth at which it could detonate, the K-3M mostly has the exact mechanism as the K-3 fuze. This fuze is known to be a Russian, high explosive, time delay, depth charge fuze. It has timing settings which range from 10-330 (the range in metres at which this fuze can detonate). It can be set in increments of 20. They have gunpowder channels of different lengths depending on the timer setting. The main charge of the fuze is 4x 80g tetryl pellets with an NEQ of 320g. The stab detonator is likely to be a lead salt base with tetrazene [10]. Figure 7 shows the internals of the K-3M fuze, and Figure 8 shows the complete overall K-3M fuze.Figure 7: Internals of K-3M fuze
Figure 8: Complete overall K-3M fuze

The contractors referred to the British ordnance collectors' network for more information and confirmation of their findings. Here, the contractors presented the information they had found. The contractors received responses from members within the network, agreeing that the information they found was sufficient in identifying the BB-1 and the K-3M fuze. They could also supply further information and links for additional research [11].
[bookmark: _Toc184896251]Safety.
	Currently (2024), Aden has a population of 1,116,190 people, growing over 36,500 since 2023 [12]. It’s also important to note the population density of Aden is 1,135.52/km2  [13]. With a large population and density, the contractors must take responsibility for their safety. The Munition Identification section states that each depth charge contains 135kg of explosive substances. This is also referred to as the NEQ (Net Explosive Quantity). Therefore, the BB-1 depth charge has an NEQ of 135.25kg (primary Tetryl, Secondary TNT). However, as there are 50 depth charges in the tunnel, the total NEQ would be 135.25kg X 50 = 6766kg NEQ. This value of 6766kg NEQ causes a significant hazard to the local population. Should a detonation occur, there would be catastrophic damage to buildings and structures and loss of life. As stated in the brief, the TNT appears to have crystallised, making the TNT extremely sensitive. The slightest impingement could cause detonation.
	The UNsafe Guard website contains many tools to help experts understand the explosive risk. The two main tools they use are the Quantity Distance Map and the Blast Damage Estimation.Figure 8: Blast Damage Map 50x  (UNsafe Guard)


[bookmark: _Toc184896252]Blast Damage Map
Figure 8 above displays the blast damage map in the event of all 50 depth charges and fuzes detonating [14]. The map will produce distances and a key by inputting the total NEQ of 6766kg, hazard division of 1.1, type of storage structure, and the location of munitions. The first to consider is the Public Traffic Distance highlighted in green. If there are public transport or transport links within this boundary, it is likely to be affected by the blast. This has a diameter of 280 meters. The following boundary to consider is the Inhabited Building Distance. This boundary displays all inhabited buildings that may be affected by a blast of this scale. Under this boundary are government buildings, hospitals, and religious buildings such as churches and mosques. The diameter from the centre for this is 430 meters. The final boundary to analyse is the Vulnerable Building Distance. Should a detonation occur, any vulnerable or old buildings within this boundary can be affected. Damage or structural failure will affect these buildings. Churches or mosques may fall into this category and are within this boundary. The distance for this boundary is 840 meters from the centre.Figure 9: Blast Damage Map 1x (UNsafe Guard)



	For comparison, a blast damage map has been included should just one of the depth charges detonate. As seen in Figure 9 above, the boundaries and risks have changed based on one charge detonating outside the MSB.
[bookmark: _Toc184896253]Blast Damage Estimation
	The blast damage calculator estimates the injuries, fatalities and damages to brick structures that can occur due to a detonation of a given explosive type and quantity [15]. The blast Damage calculator does not consider fragmentation or debris. The calculator provides the OME experts an insight as to how damaging a detonation of this magnitude would be.


Table 4 IATG safety distances
	
	Affected distance (m)

	Minimum Range to No Break (m)
	1 Charge (135.32kg TNT)
	50 Charges (6766kg TNT)

	Small Window
	133.48
	491.76

	Medium Window 
	215.63
	794.38

	Large Window
	482.59
	1777.89

	Ground Vibration (m)

	Maximum Effected Range
	372.25
	2632.18

	Injury/Fatality to Personnel Range (m)

	Fatal Distance
	11.85
	43.65

	Lung Damage
	18.78
	69.19

	Eardrum Rupture
	48.29
	177.90

	Damage to brick structures (m)

	Houses completely demolished
	8.61
	87.82

	Houses badly damaged, beyond repair, require demolition
	12.73
	129.91

	Houses rendered uninhabitable, can be repaired with extensive work
	22.23
	226.88

	Houses rendered uninhabitable, can be repaired reasonably quickly
	38.19
	389.72

	Houses require repairs, serious inconvenience but remain habitable
	76.37
	779.44


	
These results help the OME experts consider the disposal and breakdown process. They also clearly display the risks to the civilian population and structures within a distance. Therefore, the experts pay careful attention to injuries/Fatalities in personnel ranges and damage to brick structures, as these show the direct effects.
[bookmark: _Toc184896254]Ideal Breakdown
	They have included their ideal breakdown methodology to further demonstrate what the OME experts want to do with this munition. For this ideal breakdown, the OME experts work on the idea that one signal, BB-1 depth charge, will be delivered to MoD Shoeburyness. This also runs off the idea that this depth charge is stable, unlike the charges in Aden. This delivery would follow all ADR laws and be brought onto account using the QMAS system (QinetiQ Munition Accountancy System). It will be stored in the correct magazine building following the license conditions.
	The BB-1 will be taken to the designated range, which will be subject to a static trial. In this trial, the BB-1 will be sectioned in multiple parts. Each part would then be used to carry out further tests. The sectioning is taking place with the use of a bandsaw. This bandsaw cuts very slowly at a rate of approx. 1-2mm per minute. This is to avoid friction on the main fill, as sufficient heat has the potential to cause a detonation. The aim of this trial is to section the entire BB-1 into 20kg parts. This trial will follow a trial plan with supporting risk assessments and working instructions. 
	Once the BB-1 has been sectioned, the 20kg parts will be transported to QinetiQ Fort Halsted, Sevenoaks, Kent. Here, they will undergo the relevant EMTAP and chemical tests. The transport of this munition will again follow ADR rules and QMAS accounting. The testing the experts would like to carry out on this munition is in the Test & Evaluation section below. Once all tests are finished, the sections are returned to MoD Shoeburyness, which will be destroyed as part of their demil operation.
[bookmark: _Toc184896255]Test & Evaluation
	This section is split into two parts. The first part discusses the breakdown and testing of the BB-1 as if it were a safe and stable munition, where testing and breakdown could be carried out within the UK, following safe practices of work and under licensed facilities. It covers everything the OME experts would like to test if it was possible to transport to the UK.
	The second part of this section describes the testing that the OME experts will carry out on the real-life munition. As the BB-1 in Yemen is deemed unstable, with TNT crystals appearing on the threads, limited tests can be safely carried out.
[bookmark: _Toc184896256]Ideal Test (Hazard testing)
	As previously mentioned, the OME experts would like to conduct several tests on this munition, but they would not be possible in Yemen due to the country's instability and the lack of explosive understanding, safety, and laws regarding the processing and disposal of explosives.
	Given this is a very old Soviet munition, it is very unlikely that the BB-1 has gone under hazard testing within the UK. For the sake of this section, the OME experts will treat this munition as if it had been sent to the UK for the first time without aged components or explosive substances. It is assumed that it is just another explosive article that needs to undergo hazard testing. It is important to note that the BB-1s in Yemen are not going to be transported to the UK.
	Hazard testing aims to determine the sensitivity of an energetic material to different stimuli. These are primarily electric spark, friction, heat, and impact. Testing and disposing of this article would mean following the UN Manual Testing for the Classification of Dangerous Goods. The energetic material within the article would be assigned a hazard classification by the Health and Safety Executive (HSE). The UK’s competent authority regarding explosive classification. Each nation has its competent authority which would issue the hazard classification. This would be issued before the carriage by road or safe storage.
	The Defence, Ordnance, Munitions and Explosives Safety Regulator, also called the Explosive Storage and Transport Classification (ESTC) Committee, is responsible for classifying military explosives under the Secretary of State for Defence’s delegated authority. A material is given a classification after testing in accordance with the Energetic Materials Testing Assessment Policy Manual of Tests (EMTAP). EMTAP testing aims to ascertain whether a material will remain safe and appropriate for use under typical service conditions.
	The EMPTAP testing of this explosive will take place at QinetiQ Fort Halsted. Here, there is a team which specifically works on EMTAP testing. The team have several years of experience between them, making it the best option in the UK for EMTAP testing. Rotter impact, electric spark, temperature of ignition (TofI), and rotary friction tests are all included in EMTAP. These findings will guide the processing and disposal of the material. Mallet impact testing will also be included as an additional test in EMTAP. Incorporating mallet impact testing would help EOD operators comprehend how different tooling materials interact with insensitive handling of the energetic material. The testing data will be used to develop a Safety Data Sheet for Explosive Hazards [16].
	The first test is spark testing, which determines the electrostatic precautions for handling the explosive substance or article. The EMTAP team can decide which dissipation levels, such as antistatic or conducting conditions, are required for this test. Given that explosives are widely used, several studies with known results are likely to have already been carried out.
The temperature of ignition (TofI) test consists of two test tubes that contain 200mg of explosive material, which requires testing. The test tubes are then placed into a heating apparatus, which is then subject to a temperature rise of approximately 4ºC per minute. The apparatus is observed for any reactions and timed should a reaction occur. A few expected reactions/outcomes are flame, explosion, decomposition and smoke.
	The Rotter Impact test determines an explosive’s sensitivity at the point of a 50% probability of reaction or initiation. It is conducted by a 5kg mass being dropped onto a brass cap containing 3mm3 of the explosive material. This cap has a sealed anvil connected to a gas burette, measuring the released gas volume. When gas evolution of less than 0.5mm3 occurs, a “no go” is recorded. When gas evolution is between 0.5mm3 and 1.0mm3 or above, a “go” must be recorded. This may be accompanied by visual smoke (a sign of decomposition). Following a Bruceton analysis, this test was completed with over 50 shots. From this test, the data forms part of a figure of insensitiveness. This is used to visually compare the sensitivity of explosives.
Table 5 Figures of insensitivity
	Figures of Insensitivity

	Very Sensitive
	FofI <= 50

	Sensitive
	50 > FofI < 100

	Comparatively Insensitive
	FofI > 100



	The Rotary Friction test involves placing a large volume of explosive sample between a wheel and a roughened steel block. The sample is then compressed to 40 psi. The flywheel impinges on the explosive, and if a reaction occurs, a “go / no go” result is recorded (similar to the rotter impact test). 
	The final test they would like to carry out is the Mallet Impact Test. This test consists of 60 shots, where the first 20 consist of a steel-tipped mallet striking a steel anvil. The remaining 40 shots are combined with the materials: nylon on steel, hardwood on York stone, hardwood on hardwood, and hardwood on softwood. As this task is much more “hands-on”, two EMTAP operators are required. Any reactions or ignitions are recorded for each explosive on each material. 
	Results from the EMPTAP testing can be found in the table below [17].
Table 6 Results from EMTAP testing
	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: _Toc184896257]On Site Chemical testing
	As mentioned in the brief, there are crystal-like formations in and around the threads of the BB-1. This means that whatever explosive is leaking is likely to be very sensitive to friction and impingements. Therefore making it very unstable. This means the OME experts are limited in what tests can be carried out on the explosive article. The previous EMTAP testing mentioned would not be suitable, safe or practical for the current state of the munition. The test that the experts can carry out safely is chemical testing. By conducting the chemical test, they can confirm 100% what substance is leaking from the explosive and its condition. The three types of chemical testing they wish to conduct are Chemical swabs, handheld RAMAN, and FTIR-Spectroscopy. 
[bookmark: _Toc184896258]Chemical Swab
	The chemical swab test consists of carefully wiping the unknown substance with the test paper and spraying it with Expray 1. After about 20 seconds, a colour will appear on the test paper, indicating what explosive substance it came into contact with. Exprays 1-3 highlight different explosive groups and inorganic nitrates. If a result is inconclusive, the user can move on to the next Expray with the same test paper [18].
[bookmark: _Toc184896259]Handheld RAMAN
	The handheld RAMAN can identify and analyse the substance or compound it scans. It uses spectroscopy to identify substances. This method uses a single-wavelength laser to agitate molecules, which in turn emit photons to be scanned by the RAMAN. The photons the molecule emits are effectively the fingerprint of the explosive substance [19]. One benefit of using the RAMAN is that it is much more portable than other means of explosive detection.
[bookmark: _Toc184896260]FTIR- Spectroscopy
	FTIR spectroscopy operates in a similar manner but with a distinct difference. This spectroscopy method beams IR light from a source onto the explosive sample. A wavelength is then emitted onto a detector from the explosive sample. The bonds in the explosive sample absorb some of the IR energy, which corresponds to the size of the bonds between the atoms. Essentially, the FTIR can detect the explosive substance by highlighting what it isn’t. As each bond has its own wavelength, the FTIR can detect what wavelength is emitted, thus matching the wavelength with an already known one.
[bookmark: _Toc184896261]Breakdown & Disposal
	For the Render Safe Procedure (RSP), the OME experts had to collaborate to develop potential ideas on how to “make safe” the munitions and dispose of them. They had to consider the previously mentioned safety distances, densely populated areas, and effects on local economies and the environment. The OME experts came up with numerous different RSPs; however, one RSP was the most desired given that it would have minimal effect should everything go as planned. The discounted RSPs will still be discussed, and why they were the less desirable will be mentioned. The RSP is split into three sections: the setup and design of the Breakdown and disposal site, the disposal firings and the site's shutdown.
[bookmark: _Toc184896262]Setup of the disposal site
	Due to the high explosive hazard that the BB-1s pose, the OME experts have all agreed that at no point will the charges leave the fort site. Whilst moving these and disposing of them in a much safer and controlled area it is deemed too much of a risk to transport the charges due to the unstable explosive fill. Therefore, the disposal process will take place within Fort Morbut itself. As the OME operators will be based within the fort, it is noted that security will be required for the entirety of the disposal process. This will be in place from the very start.
	A PBG (proposed burning ground) will be constructed within the fort at a suitable distance from the MSB. The PBG will be built with HESCO walls and sand traverses. This is to minimise any effects should a charge detonate or deflagrate. The PBG and its construction can be seen in Figures 10 and 11. The PBG is also equipped with a burn cage and a large tray to capture liquid underneath. This will be buried in the ground. The PSB is where all operations regarding the disposal will be carried out. Cameras are also featured so operators can witness each operation without being in potential danger. All disposals will be carried out remotely. 
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Description automatically generated]Figure 11: Setup of the proposed burn ground

[bookmark: _Toc184896263]Figure 10: Disposal setup and PBG location

[bookmark: _Toc184896264]The disposals and safe-to-move decision.
Upon the completion of the construction for the PBG and security personnel are in control of access to the fort, the OME operators can move on to the next phase, the safe-to-move decision. The safe-to-move decision is where each operator follows a designed flow chart to decide whether to move each charge to the burn PSG for it to undergo its breakdown and disposal. The safe-to-move decision can be found below in Figure 12. In summary of the safe-to-move decision, OME operators will enter the MSB and use a portable x-ray to analyse the state of the K-3M fuze. Chemical swabs, as previously mentioned, will be taken to confirm the substance which has leaked and formed crystals. Should the fuze be armed or unstable, operators must use a freeze-neutralising kit (FNK) to ensure that the fuze does not function when transported to the PBG. There are two outcomes when following this flow chart. They are “STOP and investigate further” or “proceed to movement and disposal”. Unfortunately, the OME experts cannot plan for what they don’t know, so they must conduct further tests and re-evaluate. Assuming they get the expected results, the operators can move on to transporting these to the PBG for breakdown and disposal.


Figure 12: Safe to Move flow chart

Figure 13: Indian Air Force Daksh UXOR robot

	The OME experts have developed a safe and suitable method for transporting the charges to the PBG. This method includes using the Indian Air Force Daksh UXOR robot. Found in Figure 13. This robot has more than enough capability in terms of its lifting capacity. Its capacity is just over 1000kg, whereas the BB-1’s weigh 166kg. This robot will enter the MSB, pick up the first BB-1 at the entrance, and transport it to the PBG. It will only pick up the BB-1s deemed safe to move.Figure 14: Described setup

	The first BB-1 (without the fitted fuze) is picked up and transported to the PBG. Upon arrival at the burning ground, the BB-1 is placed horizontally onto two sandbags with a motorised roller in the middle. At the end of the charge, where it is overhanging, is a 200L tray. This tray will be used to capture liquid, as seen in Figure 14. Once placed on top, the UXOR robot will leave the PBG.Figure 15: Trepanning machine used to cut through case

Next, a trepanning machine (Figure 15) drills through the steel case. Once the first cut is complete, the charge is rotated with the finishing cuts. The purpose of the first cut is to act as a drain. The other two holes act as a vent / insert. This machine can cut very slowly, meaning there is a very low chance of impingement on the TNT. Once holes are cut, a steam head is fitted (figure 16) to the steam port to melt the TNT into a catch tray. The idea is that the TNT will melt out of the charge case and into the capture tray.Figure 16: Equipment used to steam and melt the TNT



Once the TNT has melted out of the charge case, it can be set alight by using a remote butane flame head to initiate combustion. As seen in Figure 17, this flame head will commence the burn of TNT, which will not detonate due to its current form and surface area. In this burn, the casing will also be added to ensure that the flames consume any TNT that may have been missed from steaming.Figure 17: Remote Butane Flame head

	1. Structures destroyed
	8.59m

	2. Fatalities
	11.84m

	3. Lung Damage
	18.77m

	4. Houses uninhabitable can be repaired quickly 
	38.13m 

	5. Eardrum Rupture 
	48.25m


 This is repeated to the remaining 49 charges. Even though the fuzes are still fitted, the process does not change. When the TNT has been extracted and set to burn, the fuze still attached to the casing will also be consumed by the flame, therefore disposing of the primary explosives found within them. If the fuze does not dispose of itself whilst in the burn, they will refer to using a fire ant / mega torch. This EOD tool uses a pyrotechnic to burn through material such as steel, which ignites and disposes of the primary inside. Safety considerations for this disposal can be found in Figure 18 and Table 7. Here, you can see what would happen in the event of a high-order detonation if it took place within the PBG. This task will be conducted by experienced personnel which will be wearing the necessary PPE for this operation.Figure 18: Safety trace for PBG

Assuming that all charges can be disposed of, the OME experts believe that this is the best and safest RSP. Other RSPs included using a disruptor, mega torch/fire ant, cutting linear charge, Baldric / shaped charge, det cord, detonation sea demolition, and de-armer. These were all ruled out due to safety and environmental concerns. For example, the use of a shaped charge could cause this munition to detonate.Table 7 Safety distances at PBG

[bookmark: _Toc184896265]Site shutdown
Upon completion of this operation, all contaminated materials will be incinerated or disposed of, equipment returned, and structures dismantled. Any unwanted equipment or scrap materials will be donated to the local community for them to use or sell 
[bookmark: _Toc184896266]Conclusion
	In this group project, the team effectively identified the explosive article, addressed all safety concerns, and created an RSP for implementation. The members collaborated efficiently, utilising their existing skills while also acquiring new ones. Assigning specific roles to each member enhanced the process, ensuring everyone understood their responsibilities and what was required to complete the project. To conduct this task, it would require a large amount of time and several experienced personnel.
	The presentation was also carried out by the students on discussing their RSP. The overall feedback from this presentation was great with a few points that needed addressing.
	Overall, the team worked really well with each other completing the task at hand and obtaining great feedback from the presentation.
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