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SECTION 01 – BRIEFING

The task project set to the group was to identify an item, or number of items of ammunition.  The task was set as a hypothetical situation, although in reality a very similar situation exists as a live, real world, ongoing concern, in Yemen.
As a group, all aspects of learned practices, methods and behaviours were to be employed, in order to create a viable solution, once the items were identified.  Principles of Ordnance Munitions and Explosives (OME) were employed, along with scientific analysis, and correct methodologies, and equipment required are all to be outlined.  
The group were set the task to deliver a viable solution as a presentation, to an audience of OME industry, as well as University of Wales Trinity Saint David (UWTSD) lecturers, and academics, as well as other colleagues.  The level of OME understanding and experience in this audience is varied, and therefore the presentation was to be of a manner that could be understood by all.

TASK BRIEF
An OME Consultancy has been contacted to identify and render safe a number of as yet unknown, but suspected, ammunition items.  
Fifty (50x) items or articles, in wooden packing pieces are laid in an approximate horseshoe shaped tunnel, underground.  They have been discovered in Yemen, near the port of Aden.  The tunnel is sited in what has been reported as a now disused military fort, in the At-Tawahi district.  Cyrillic markings have been identified on the cases of the items, which can be seen through the wooden packing pieces.  The wooden packing pieces themselves are slatted, and held together with rope, from photographic evidence, and do not obscure the cases of them items.  
On all but one of the items of suspected ammunition, what is described as a “pistol” or fuzing system is fitted.  It is also reported that “fine yellow crystals” are shown to present on the visible threads of fuze plates.  Combat Plates are also observed on some items.
Each item is estimated to be approximately 166kg in weight.  Items are stacked “side to side”, along the length of the horseshoe shaped tunnel.  At the apex of the shape, nine (9x) of the items are reportedly stacked two (2x) high, with five (5x) along the lower stack, and four (4x) above. 

TASK REQUIREMENT
1) Correctly identify the items
2) Determine the nature, intended function, and use of the items
3) Determine the main fill, and any other potential explosive hazards
4) Determine a system to render safe the items
Other considerations are to be included, in that the geographical challenges, and political landscape of the surrounding area are factors that can feed in to the task in real time.  
Use of suitable equipment, time taken to complete the task, and potential cost implications, further challenges, unknown factors, planning and above all safety are all to be considered in the planning and outline of the task.
  
[image: ]
Figure 01 – Photographic evidence:  Items in Situ

Roles were issued to each Group member, following lengthy discussion, and identification of collective and individual skill levels and experience.
	ROLE
	TEAM MEMBER

	Positively Identify Ammunition Item
	Marcus Baker-Wells & Kieran Wusthoff

	Determine Safety Considerations for Mass Explosive Hazard and Distances 
	Alex Halliday

	Ideal Breakdown Methodology and Justification
	Ben Palmer-Drury

	Explosives Samples Test and Evaluation
	Thomas Volpato

	Safe to Move Decision
	Kris Bhudoye

	Render Safe Procedure
	Ben Palmer-Drury & Kris Bhudoye


Table 01 – Roles and Responsibilities

SECTION 02 – PROJECT AIMS:  OVERVIEW OF TASK BRIEFING

A number of factors are to be considered from the Task Briefing.  In all potential OME tasks, where a live article of explosive, or item of ammunition is involved, safety is the key requirement.  Explosives Ordnance Disposal (EOD) Operators are taught to the highest standards by the British Military.  The training is rigorous, and for good reason.  Part of the philosophy of EOD training and safe handling of any explosive is to ensure the risks are kept As Low As Reasonably Practicable (ALARP), in that there will be an inherent hazard or risk in any handling of an explosive item or article of ammunition.  This risk or risks are to be mitigated as much as possible, without rendering the task unmanageable, or impossible to progress.
The main tenets of EOD are:
1) Preservation of Life
2) Preservation of Property
3) Preservation and Collection of evidence 
4) Return of the Situation to Normal
In considering the above tenets 3) and 4) are interchangeable, in that the situation may be required to return to normal as a preference, and there may be no evidence pertinent or required.  Given that the Task as presented to the group appears to be fairly dormant, then in this instance 1), 2) are essentials, and 4) is a given, where 3) will be considered as less of a requirement.

In planning any OME Task, certain details will begin to raise alarms given an individuals’ knowledge of OME.  For example, that the items are stacked in what could be considered intimate contact with one another, and stacked two (2x) high in the tunnel means that if one item functions, this could cause a sympathetic explosion in the next, and into the next again, causing a chain reaction that could lead to a greater quantity, if not all of the items initiating, in a mass explosion.
This leads to another concern, in that the tunnel is through ground of currently unknown composition, which could either stifle the explosion, or equally lead to a great amount of fragmentation being thrown from the site of the explosion.
Yellow crystals exuding and present in threads indicates the likelihood of Trinitrotoluene (TNT) [1], which historically has been widely used in ammunition manufacture as a main fill.  This has been proven to be highly unstable, in crystal form, and can lead to unintended initiation.  Cyrillic writing indicates potential Russian manufacture, which also raises concerns of quality.  Russian legacy ammunition stocks have been known to be of a lower quality in manufacture and functioning even in recent times [2], and therefore lack of quality could lead to unknown issues with reliability, and plays into safety considerations.
Dimensions of a single item have been reported as cylindrical, with internal measurements of 711mm length, and 432mm diameter.  These considerable dimensions, along with the estimated all up weight of a single item, increase the risk that any one item could potentially hold a large Net Explosive Quantity (NEQ) of explosives, used as the main filling.  


SAFE TO MOVE CONSIDERATIONS
The group are to consider the impact to the surrounding area, should an all-up mass explosion occur, and what are the hazard distances.  This will be determined using International Ammunition Technical Guidelines, blast calculation portal [3].  This potential hazard data will include Inhabited Building Distances, Vulnerable Building Distances, and Public Traffic Routes.
Determination is required as to whether the items are safe to move for disposal.  Essentially, minimal movement is a consideration in the ALARP principle for safe disposal of potentially unstable ammunition items.  The benefits and risk attached to any movement of the items is to be considered, against the possibility of any mass explosion hazard.

IDEAL BREAKDOWN REQUIREMENTS
The group are to consider what would be considered as the “gold standard” solution and methodology for testing and breakdown, given the ideal circumstances and resources being made available.
After breakdown, describe the testing and evaluation of the explosive fill of a single item.  The group are to outline any other hazards that are required to be mitigated against.

RENDER SAFE PROCEDURE
Given all of the safety factors and possible hazards identified, the group are then to formulate the best practice Render Safe Procedure (RSP), including established techniques, all known mitigation against risks, and equipment required, for the real world scenario.










SECTION 03 – MUNITION RESEARCH AND IDENTIFICATION

Given the history of Yemen, and political instabilities of both the local area and wider country, the origin of the items of ammunition would be difficult to determine, however, going back to basic principles and taking into account the information that is known, a likely identification for the ammunition can be gained.

KNOWN INFORMATION
· Estimated All Up Weight:	166kg
· Known dimensions:		711mm length, 432mm diameter
· Fuzing System:		“Pistol” dims. Approx 305mm length, 115mm Dia.
· Visible markings:		Cyrillic Writing, translates as BB-1

From Group research [4], [5], and discussion with Suitably Qualified and Experienced Personnel (SQEP), across colleague groups available to the Group, it was determined that the most likely identification of all of the items was that the items are Russian ammunition, titled BB-1.  The function of the items are to explode underwater, causing damage to sea based vessels.  Colloquially named “Depth Charges”, the BB-1, and an associated ammunition item titled BM-1, which is a smaller variant of the BB-1 depth charge, dates back to 1933 pre-world war II stocks.  During World War II, the Soviet naval forces would drop the charges from an aircraft, or seagoing vessel, into the water.

From functional principles required for a depth charge to be effective, the main offensive force would have to be blast.  Underwater blasts of sufficient intensity and size can cripple or completely destroy both surface and subsurface vessels.  Therefore the casing would be required to be relatively thin skinned; Suitably so to protect the main fill, and allow correct functioning of the charge, at the required depth, but not so much that the blast wave could not overcome the casing, without causing significant fragmentation.  Fragmentation damage is limited under water, due to the water pressure and density overcoming any fragmentation travelling at great enough speed or distance to damage a target.

It is also assumed on the above principles that a high NEQ and High Explosive (HE) main fill would be required.






An underwater blast is highly effective due to several factors.  The initial blast pulse wave will rapidly expand omni-directionally through the water, and will create an oscillating and migrating gas bubble (see fig. 02 below).  This leads to gas bubble plumes at the sea surface, and surface waves travelling outward from the plume.  There will be an air blast wave that will also travel outwards, above the surface.  The bubble pulse under water will also push out a shock front below the surface, in all directions.  This in turn will also reflect from the sea bed, and sea surface, further creating blast waves.

   
[image: ]
Figure 02 – Effects of underwater blast

From the translation and information gathered by the group, it was established that the BB-1 (known as “Big Bomb”, and the first model in it’s line), contained a main fill of TNT, at an NEQ of 135kg.  The main case consists of a steel 2mm – 2.5mm thick walled drum shape.  
These facts also reflect the basic principles of design, and requirements of a depth charge to function effectively under water, against a target.  See fig 03.

There is an aperture, allowing the fitting of a fuze system, described in the brief as a “pistol”, on the surface of one end of the barrel construction.
Of the variants of Fuze model featured in the BB-1 depth charge, the first was the VGB, which translated as Detonator Depth Bomb.  However this model of fuze was found to be somewhat unreliable and was replaced with the K3, and later the K3-M model [5].

As well as increasing the reliability of the functioning of the BB-1 depth charge, the later models increased the depth that the charge could be deployed at.  The later model, K3-M fuze allowed effective functioning at depths between 5m and 310m [6].  See fig 04.
The “K” in the fuze model number derives from Kalinin weapons and armament production plant, which operates to some degree up to the present day [7].
The K3-M Fuze contains of an all up NEQ of 320g [5], consisting of 4 Tetryl boosters, initiated by 2 pellets of primary explosive, and a train of Gunpowder is used to set the required time delay before functioning the main fill of the charge. 


All of the above determination of identification of the ammunition item would be required to be confirmed by a visual recce, when attending the Site of the find.  However, given the research and level of information provided, it can be confidently assumed that the found munitions are indeed BB-1 Depth Charge Mines, Fuzed with K-3M fuzes.
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    Figure 03 – BB-1 museum piece		Figure 04 – K-3M Fuze, Sectional
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Figure 05 – K-3M Fuze, with dimensions








SECTION 04 – IDEAL BREAKDOWN CONSIDERATIONS
The ideal breakdown methodology refers to a chosen list of ideal circumstances, given a choice of variables, for the different ways to mitigate the risk of breaking down the BB-1 munition.  In the real world, this would be carried out under very specific requirements, ideally in the UK, at a QinetiQ facility that is already set-up for this very type of Ammunition Process.

In the situation the brief presents, with the items in country in Yemen, this is a country that does not adhere to anywhere approaching as stringent safety requirements laid out in UK Explosives Regulations.

In an ideal situation, the fuze would not already be fitted to the munition.  The increase in risk that this causes is detailed below, under Explosives Train details.
The breakdown would be carried out over a number of specially equipped QinetiQ Sites, in the UK.  The entire process would be subject to constant gateway safety reviews, and the process would be constantly scrutinised, for safety and practicality.  Technical reviews, such a Hazardous Activities Management (HAM) reviews are the typical method for approval of an Ammunition or Explosives Process.  
All Ammunition Processes would ideally be carried out on an unfuzed, single item, in good condition, and not showing the signs of the ageing and degradation that are reported in the case of the brief.

It should be noted, that due to Explosives Licencing Limits, the larger NEQ item, in the main filled case, would have to be “Sectioned” at a facility with a sufficient safety trace distance, to be able to accommodate items of this size.
The Fuze, being of a much lesser NEQ, could be handled at the second of the facilities detailed below, comfortably.

PART ONE: SECTIONING OF MAIN CASED FILL

SPECIALIST EQUIPMENT

The following items of equipment would be required:
· Portable Radiography
· None-Static Generating, flame retardant coveralls
· Large Range Saw
· Small Band Saw
· Specialist Milling Equipment
· PPE and Locally Authorised Tools, appropriate to the Task

LOCATION

The following Locations and Facilities would be required:
· An approved Ammunition Process Building (APB)
· This includes bonded, Earthed work surfaces, capable of supporting the munition securely
· Large Explosive Hazard Licence Limit – ie. Greater amount of space can be cleared, and hazard of propagation from one facility building to the next is greatly reduced

Figure 06 below shows the Safety Trace Distance for the first QinetiQ facility.




[image: ]
Figure 06 – QinetiQ Facility Safety Trace Distance


Once all safety, paperwork, safe systems of work, and Authorities, such as the Trials Assurance Lead (TAL), and responsible person (normally at a Group Lead, or Head of Site level) are in agreement that the Process can go ahead, the actions would be carried out as follows:
NB. All activities are carried out remotely, to ensure not personnel are in immediate risk, in the vicinity of the munition during Processing.  It should also be noted that the area is access controlled, so no personnel are able to enter the area.
a) Radiography carried out to ensure that the main fill does not contain any anomalies, such as voids in the fill, cracks etc.  This further ensures that any cutting activity would not potentially cause the TNT fill to initiate.
b) Imagery confirms nothing anomalous with the main fill, sectioning of Main fill Case into Coins, using the Large Range Saw.  Each Coin is approximately 20kg, in weight, and slightly less than this in NEQ value, taking into account the case itself.
a. This activity is agreed and confirmed to be risk ALARP, and Approved and Authorised by Local Safe Systems of Work Technical Instructions, and in accordance and adherence to Explosive Regulations 2014.
c) All Coins are then segregated and secured in protective containers (from both the elements, friction and impact), and transferred under appropriate Dangerous Goods Transport regulations, to another built for purpose QinetiQ explosives testing facility.
d) At the Testing Facility the large Coins would be further reduced in size, and therefore lesser NEQ, making each testing article safer to handle, and test.













PART TWO: BREAKDOWN OF FUZE SYSTEM

SPECIALIST EQUIPMENT

The following items of equipment would be required:
· Radiography Equipment
· None-Static Generating, flame retardant coveralls
· PPE and Locally Authorised Tools, appropriate to the Task

LOCATION

The following Locations and Facilities would be required:
· Explosives Testing and Breakdown Facility
· An approved Ammunition Process Building (APB)
· This includes bonded, Earthed work surfaces, capable of supporting the munition securely

The K-3M Fuze system could be x-rayed at the Explosives Testing Facility, as the Explosives Licencing legislation limits would not be met, or broken.

Once all safety, paperwork, safe systems of work, and Authorities, such as the Trials Assurance Lead (TAL), and responsible person (normally at a Group Lead, or Head of Site level) are in agreement that the Process can go ahead, the actions would be carried out as follows:
NB. All activities are carried out remotely, to ensure not personnel are in immediate risk, in the vicinity of the munition during Processing.  It should also be noted that the area is access controlled, so no personnel are able to enter the area.
a) Radiography carried out to ensure that the main fill does not contain any anomalies, such as voids in the fill, cracks etc.  This further ensures that any Breakdown Activity has risk mitigated
b) Fuze System broken down, as per agreed Safe System of Work
a. This activity is agreed and confirmed to be risk ALARP, and Approved and Authorised by Local Safe Systems of Work Technical Instructions, and in accordance and adherence to Explosive Regulations 2014.
c) Samples are sent for further Testing



















PART THREE: SAMPLE TESTING

Several tests are carried out on Explosives Samples.  

To determine the level of Electro-Static Precautions that must be set for the Processing Task to be carried out, in a controlled environment, for both substances, Spark Testing is conducted.  Historically, these are known quantities and reliable results, with Static Dissipation levels determined by the output of the Spark Testing.  See Table 02 below. 

	Ignition Boundaries
	
	

	No ignitions at 4.5J
	
	Classified as the material being insensitive to spark

	Ignitions at 4.5J, but not 0.45J
	
	Require the material to be handled in anti-static conditions

	Ignites at 0.45J, but not 0.045J
	
	Require the material to be handled in conducting conditions

	
	
	
	

	Conductive Condition  Lvl
	
	Minimum relative humidity level
	Flooring resistance

	Anti-static
	
	>40%
	106 ohm to 
109 ohm for Charge Dissipation

	Conducting Conditions
	
	65%
	<106 ohms resistance

	
	
	
	


Table 02 – Spark Test Req

Further testing includes:
· Rotter Impact Testing
· Rotary Friction Testing
· Mallet Impact Testing
The test results will show if the explosives samples determine the expected results, for the explosive samples and therefore fills.
Table 03 below shows expected testing results. 
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Table 03 – Hazard Test Data

NOTE ON EXPLOSIVE TRAIN AND CHEMICAL COMPOSITIONS
In order for the munition to function as intended, it requires the explosive train to be in line, and be capable of initiating the next explosive component.
In the BB-1, fuzed K-3M, this is as follows:
The K3-M Fuze has a mechanical Striker.  This impacts a stab sensitive composition, sufficiently to ignite and in turn ignites the Gun Powder delay.
The gun powder burns through it’s channel, and ignites a larger pellet.
This larger pellet ignites the four (4x) Tetryl boosters (total NEQ 320g).
The Tetryl Booster pellets the function the main TNT charge (135kg).

Group consultation with SQEP colleagues, and leading Explosives Breakdown Technicians, determined the likelihood that the pellets of unknown composition, due to a lack of available information, within the Fuze are most likely to be VH2, VH4, RD1651, or a form of derivative.  These are known UK based, tetrazine/lead salt compositions, and it is understood that the Soviet derivative would be of similar composition and performance.

Chemical testing would be carried out on the leaking composition, in order to determine presence of TNT.
If both Tetryl and TNT are detected, this may lead to uncertainty.
a) Both compounds are nitrated benzene rings with a methyl group
b) Tetryl has a nitramine group in addition and is more friction sensitive than TNT

TNT degrades due to thermal cycling, to a single or double Nitrate. 

The use of handheld FTIR Spectrometer would be recommended as a confirmatory test.

The results will inform the Render Safe Procedure, including the decision on Safe to Move, fore disposal. 


SECTION 05 – IN SITU RENDER SAFE METHOD CONSIDERATIONS
During the course of completing this task, a number of Render Safe Procedures (RSPs), and use of Explosive Ordnance Disposal equipment was considered, and the benefits weighed against the positive negative outcomes.
It is important to understand that although several of the below procedures and equipment are standardised to UK based, and overseas EOD Operations, there are mitigating factors for using each.  See table 04 below.Table 04: RSP considerations

	EOD Disruptor (Pigstick / ID)
	Could impart sufficient shock to igniter / fuze to function munition

	Fire Ant / Mega Torch
	Could impart sufficient shock and/or heat to igniter / fuze to function munition*

	Cutting Linear Charge
	Could impart sufficient shock to igniter / fuze to function munition

	Baldric / Shaped Charge
	Could impart sufficient shock to igniter / fuze to function munition

	Detonating Cord
	Could function Main TNT Fill

	Detonation (Function individual munitions, as intended, under controlled circumstances) 
	An actual controlled detonation of the full munition is a possible, and viable technique, provided sufficient tamping, earth works, HESCO barriers are erected.  However, this is extremely laborious, repeatedly having to replace and reconstruct the safety mitigation works, and becomes dangerous in itself after a stage.
Also consideration needs to be given to the local population, not being subjected to 50x large NEQ explosions, in succession.
Avoid large NEQ possible damage to local area.

	Detonation at Sea, as intended (Function individual munitions, as intended, under water, and under controlled circumstances) 
	Undesirable, as movement would required of individual munitions, through populated areas, increases risk to local persons and infrastructure.  Also, movement over water, with Hydrostat based fuzes in a potentially unknown state increases risk to team.
Even successful demolition at sea increases disruption and risk to local ecology, fishing, and Operation Prosperity Guardian.

	Dragon De-Armer
	Could impart sufficient shock and/or heat to igniter / fuze to function munition


*Has also been reported to be inconsistent in German Military Demining “Kannberger” Report [8}
[image: ]SECTION 05 CONT.
From the discussions and routes to Render Safe explored on the previous table, and consultation with SQEP colleagues and personnel within OME Discipline, the suggestion of slowly steaming out the TNT main fill was offered.
After careful consideration and scrutiny, this was agreed to be a relatively low risk approach to removing the main fill.
With the main fill (135kg) removed, the remaining threat is only a 320g NEQ fuze system, and a casing with trace residue TNT remaining.
There are several considerations with this method, however, if safety stops are in place, and a considered, planned route is in place, the process if considerably simple.
See figure 07 below.[image: ][image: ]
Figure 07: RSP Flow Chart



[image: ]SECTION 05 CONT.
As with any risk ALARP RSP, there will often be an unknown issue, or circumstance that will present itself and divert the plan. 
With reference to the Fuze armed state being an unknown, portable radiography will be employed to determine this.
Where the Fuze is suspected to be in an armed state, the use of a Freeze Neutralising Kit will be deployed.  This is considered a short term mitigation, in order to minimally move the munition for rendering safe.
Where the munition is required to be swabbed, and the result not as chemically expected, then a STOP will be put in place, and a new plan will be formulated.
Where, at any point, any Team member feels that there is a requirement to stop and evaluate a STOP Action will be put in place, where safe to do so, until all Team members are content that it is safe to continue render safe activities.
For the actual Render Safe Procedure, once an item has been determined as Safe to Move, it will be moved remotely by EOD Robot (potentially Indian Air Force Daksh UXOR  (Unexploded Ordnance Robot) [10]), which is capable of lifting up to 1,000kg, and is sufficiently manoeuvrable to remotely operate around the Tunnel area and entrance.
[image: ]Figure 08: UXOR Remote robot


The munition will be placed remotely, within a “G” shaped HESCO Bastion wall construction (see figure 09 below), in order to safely mitigate any blast that could result in the unlikely event of unintended detonation.  This structure will be further reinforced with earth work traverses, to the outer edges.  Advantage will also be taken of the existing Fort walls, for fragmentation throw or blast capture.


[image: ]Figure 09: HESCO Bastion walled structure


Within the HESCO Bastion walled area, a Capture Tray will be dug into the ground.  This will be capable of holding 200 litres of liquid, which is sufficient to contain the liquid viscous TNT fill.  It will also be capable of containing the liquid TNT main fill, for burning off once drained out.
The UXOR will deposit the munition on a pre-laid sand bag construction, incorporating the roller, to support and secure the item, and rotate when required.
From figure 10, below, the first cut is made to the thin steel case, by a trepanning machine.  This is a deliberately slow procedure, to impart as little friction, shock and heat as possible to the munition.  The first cut will be positioned in such a way that when the munition is rotated (2), the first cut comes into line with the Steam Head and Steam port.
At 3) and 4) in figure 10, below, the second and third cuts are made into the munition casing.  This both allows the steamed, liquidised TNT to drain into the Capture Tray, and any pressure build up to be released via the cuts.
With the Steam Head now in line with the first trepanned cut, the main fill can be steam heated to melting point, whereby it can then drain into the Capture and Burn Tray.
With the still contaminated but now emptied case body, also containing the Fuze, moved away, the viscous, liquid TNT can be burned off in the Capture and Burn Tray.  This would be remotely ignited using the Butane Flame Head, and when ignited would combust, and has a greatly reduced chance of deflagrating or detonating.  Due to the critical diameter of TNT being 2mm, this also greatly reduces the chances of detonation.
Once combusted remotely and confirmed as all burned, this leaves only the empty, TNT residue contaminated main case body, with fuze fitted.  Both could also be subject to a remotely initiated burn, given the negligible NEQ only remaining in the Fuze.
If in the case that the case body and fuze are still thought to present an explosive hazard after burning, or the fuze low order functioning cannot be confirmed, a Fire Ant could be remotely deployed to low order the K-3M Fuze.
The remaining would then be confirmed to be Free From Explosive Hazard (CFFEH).    


[image: ]Figure 10: Main Case Filled Body, prior to cutting and turning action
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Figure 11: Trepanning equipment
Figure 12: Butane Flame Head
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Figure 13: TNT combustion in Tray



It has also been noted that any remaining contaminated equipment, or materials that are no longer of use, could be sold as scrap locally, and donated to any Locally Employed Civilians (LECs).
































SECTION 06 – GEOGRAPHICAL, POLITICAL, LOCAL AND EXPLOSIVE HAZARD CONSIDERATIONS

Yemen is located in the South Western Arabian Peninsula.  It’s topography is mainly mountainous, and some areas are sparsely populated.

[image: ]
Figure 14: Map of Arabian Peninsula



The country has suffered a wide degree of issues, in civil, political and military upheaval in the short time it has existed as a republic; formed in 1990, and including civil war in 1994.
Yemen continues to face a multitude of crises, including conflicts, economic issues, malnutrition, little to no healthcare, and disease [11].  

The location of the found munitions is in the Port of Aden, in an now disused military fort, which research shows has been named Fort Morbut, which was formerly British Military Headquarters of the Middle East Command [12]. 

The population within the At-Tawahi district in which the Fort resides was estimated to be 92,686 as of the year 2019 [13].

Consideration must be given to security both of the Site, Munitions, and the Team.  A cordon will also be required to be erected and maintained, while being collapsed when not conducting explosives activities.  A local / UN Security Team, including interpreters would be an absolute requirement.

Sensitivity to the local religious observations must also be adhered to.  This will lead to a shut down of activities during holy days, which fall weekly, on a Friday. 

Using the International Ammunition Technical Guidance portal [3], blast damage and injury potential were mapped onto the images of the Fort, wider Site, and also locally populated area.  Figure 15 below, illustrates.






[image: ]
Figure 15: IATG calculated blast damage: Single Munition functioning




Also utilising the IATG calculator [3], blast damage and injury potential were mapped onto the images of the Fort, wider Site, and also locally populated area, for an all up mass explosion.  Figure 16 below, illustrates.
 
[image: ]
Figure 16: IATG calculated blast damage: All up event functioning












SECTION 07 – CONCLUSION AND REFLECTION

The activity was carried out by the HNC Course as a group, from the given brief and information provided.  The group had to work both on individually assigned responsibilities, and assist each other on tasks where some support was required.

As an observation, the author believes that it is rare that a group from many different backgrounds and levels of OME experience, can come together and work this well as a cohesive unit.  All are to be commended on their efforts and work ethic, as well as delivering a professional and well informed presentation.

Reflection on feedback:
Agreed that the use of multiple learning styles, graphics and technology were key components that the group wanted to integrate.  This is indicative of the many collaborative  delivery styles that the group deliberately employed.  

The group was conscious of the local sympathies and issues that would be experienced, as at least one member of the group has worked in a similarly delicate environment.

With regards to other possible Main Fill compositions, the group were conscious that TNT could be relatively preferential to something such as RDX/Wax.  From some of the groups experience, the diurnal cycling of heating and cooling will always have to be a consideration, in storage and dealing with potentially unstable / legacy munitions.

On reflection, any munition exported from the Soviet Union has proven to be less safe than, for example, NATO standard stocks, due to stringency in manufacture and safety in storage requirements.  Also component quality can be somewhat lacking in Soviet stocks.

On the questions around use of a bandsaw, the group were very cognisant of recent events, however, proper application of due care and attention, and regular cleaning of the equipment would be considered essential to the task.

At the time of the presentation, a question was raised around use of Indian Military equipment, given the tensions between India and Yemen.  A possible solution to this would be to attend training courses with the Indian Army, and possibly Train the Trainer level qualifications in the use of the Indian EOD and UXO equipment.

Individually the author intends to work on delivery and speaking to groups, with support from reading materials, such as the Golden Thread, and Black Box Thinking.  Practice in delivery will also be utilised whenever possible.

In conclusion, it is the Author’s strong belief that the brief provided was satisfactorily answered, and that the safest, most practical RSP was chosen for the situation. 
[bookmark: _GoBack]
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