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Section 1 – Background Briefing

The task was conducted as a table-top exercise, where the cohort was required to apply scientific principles of OME to analyse and select appropriate actions and equipment, to a given situation. 

The situation comprises;

Brimstone, an OME consultancy, has contacted the cohort to assist them. Fifty wooden transport cases have been discovered close to the Port of Aden, Yemen. The tunnel is part of a disused and bombed-out military complex in the Attawahi district – Fort Morbut. The Cyrillic markings on the case translate to ‘BB1’. All bar one of the munitions appears to be fitted with a pistol-type fuse. Fine yellow crystals are present on the visible threads of the fuse plate.

Key requirements to the task and job roles within the team;

· Assess the performance of the devices.
· Determine the safety considerations for a mass explosive hazard (using IATG – International Ammunition Technical Guidelines).
· Breakdown of the item (in an ideal situation).
· Test and evaluation of performance from Breakdown.
· Disposal of the munitions.

	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


Table 1 - Role requirements












Section 2 – A Wider Situational Context  [1] [2] [3] [4] [5] [6] [7] [8] [9]

Yemen lies in the south-western corner of the Arabian Peninsula. The geography is mostly arid mountains, but, despite the environment, there is sufficient rainfall to support successful agriculture. 

[image: ]The Republic of Yemen is young, (formed 1990), when the North and South were merged. Sana’a became the political capital of the new Republic with the Port of Aden serving as its economic centre. Unfortunately, unification later caused several socio-political issues, as, the North had been free of colonial administration, while the South had been part of the British Empire (1839 to 1967). Added to this the country has been burdened by chronic corruption, religious differences, tribalism, and famine. This culminated in the 1994 civil war. The former Northern and Southern States had rapidly differing ideologies. The North had been a Republic with its own constitution, whilst the South, even though it was formally a Republic, operated as a Marxist state post-independence (1967).[bookmark: _Toc179096559]Figure 1- Yemen geographical locale [39]

[bookmark: _Toc179087610][bookmark: _Toc179096560]Figure 2- Yemen geographical locale [12]

[image: ][image: ]Since unification, the Yemeni Defence Forces have been in a steady decline, with comparatively small forces and poorly equipped. Most service personnel are 2-year volunteers, with inconsistent training and education. These personnel are augmented by a reservist paramilitary service. They inherited mostly eastern bloc weaponry, which is now in a poor state of repair, or, even completely discarded, as with Fort Morbut. [bookmark: _Toc179087611]Figure 2 - Port of Aden locale [12] Inset, disposition of combatant groups [37]


Even as late as 2024 the security situation has continued to deteriorate. In part due to the Houthi rebels attacking Bahrain, Israel and parts of Western Yemen. The rebels have attacked international shipping with rockets, and Tel Aviv with drones. They have illegally detained UN staff, civilians and those working for Non-Governmental Organisations. Un-manned Aerial Vehicles used by the group, have been reportedly been of Iranian origin, in disregard of UN arms embargo’s. This latest period of instability was instigated in 2014. inspired by the Arab Spring (2011), the group attacked Sana’a and forced the incumbent President into international exile. Since then, the economy has contracted by 52% with 21.6 million people needing humanitarian aid. This is not being improved by blockades of oil exports overseas. In context, oil makes up 75% of government revenue and 90% of export income. This second civil war, has caused the cessation of all oil and natural gas production (June 2015), with foreign corporations evacuating their personnel and equipment. 

Aden City is controlled by the Southern Transitional Council, not the government, but allied together to counter the Houthi’s. The government is currently controlled by the Presidential Leadership Council, backed by a Saudi coalition, whilst the STC has its roots in the UAE. The STC want a return to a two-nation state. In November of 2019, the STC/YG signed the Riyadh Agreement, moving the YG capital to Aden in 2020. There were brief skirmishes between STC & YG forces but nothing has been reported since 2021.

Whilst not immediately apparent for the needs of this exercise, the UN Development Programme has joined international partners, to implement the Sustainable Fishery Development project in the Red Sea and Gulf of Aden (SFISH). SFISH aims to improve economic opportunities, increase food security and provide effective management of fishery production in Yemen.

A Saudi-led coalition of regional and wider partners, including India, is currently fighting to secure Yemen. A multi-national Naval task force is also operating in the area helping to maintain the security of the Red Sea – Operation Prosperity Guardian.

[image: ]The photo below shows the Aden area from a low orbit, North to South;[bookmark: _Toc179087613]Figure 3 - Low orbit observation of Aden peninsula, including location names [5] The MSB is located right of the Port

[bookmark: _Toc179096561]Figure 3 - Low orbit observation of Aden, including location names [5] The MSB is located close to the Port.

Most of the peninsula landmass is un-habitable due to the slopes of the Volcano of Aden. Aden sits atop a range of dormant volcano’s and is claimed to be the largest volcano on Earth, if these are in fact connected. Yemen itself appears to be affected by seismic movements in Djibouti, thanks to also straddling the divergence of the African and Arabian tectonic plates.






















Section 3 – Munition Positive Identification

The briefing document states;

· Internal dimensions of cylinder 432 mm diameter x 711 mm length.
· All-up weight 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.

Going by these initial findings, the munition would be a BB-1 depth charge, the main heavy depth charge of the Soviet Navy during WW2. It was air dropped or launched from a surface vessel. Both the BB-1 & BM-1 depth charges were first adopted in 1933, only differing in size. ‘Bomb Big, First Model’, consisted a metal barrel filled with 135kg of TNT. It was an underwater blast weapon that utilised explosives to create bubble pulsed and reflected shock The operable depth ranged from 5-20m. The detonator was installed in one “end” of the "barrel". It submerged at a speed of 2.5 m/s, reaching maximum depth in ~40 seconds. The BB-1 entered service equipped initially with the VGB detonator. This was a hydrostatic (water pressure) detonator with a clock mechanism, ranging from 10 to 100 m. It proved to be unreliable and unsafe. It is not currently believed that the VGB was ever exported, unlike the fuzes below. The initials VGB stood for "detonator depth bomb" [10]. 

[image: ]In 1940, the K-3 fuze, was adopted. K denoted Kalinin, (the plant of manufacture). The new detonator increased the maximum operable depth to 210 m [11]. Anti-Submarine Warfare was not high priority for the Soviet Union, as only 5% of their surface fleet was lost to U boats. It would take over a decade for a new fuze to be adopted. In 1953, the K-3M detonator increased the depth limit to 330m. Comparison with the briefing measurements would suggest that it is a K3-M fuse as the following image shows;   
[image: ] 


					
Figure 4 - Russian K3-M fuse [31]

Given the briefing statement, the following table compares the two possible charges; Figure 5 - Soviet BB-1 Depth Charge [19]

Table 2 - Comparison of Soviet depth charges

	Sizing
	BB-1
	BM-1
	Stated

	Height
	712 mm
	450 mm
	711 mm

	Diameter
	430 mm
	252 mm
	432 mm

	NEQ
	135 kg
	25 kg
	---

	All-up weight
	165 kg
	41 kg
	166 kg


The few millimetres variation in measurements can be explained by a different datum point used in each instance. As previously noted, these are likely articles for export, derived from markings on the shipping crates (confirmed by a restricted source). No photos of the single extracted fuze have been supplied. On-site visual identification would confirm this. Period documentation is hard to find and time consuming to translate. As the Allies suffered greater surface fleet losses to U-boats, ASW was a far higher priority. Aluminised explosives were developed, (e.g. Torpex – an RDX/TNT/Aluminium mix) which created a 50% greater sub-surface blast effect, than TNT alone. The Soviet Navy appeared to adopt a “more-is-more approach”.









































Section 4 – Locale Issues

Fort Morbut is located adjacent to Basahib Bridge Park, Attawahi District, Aden Governorate, Yemen;
[image: A screenshot of a number

Description automatically generated]



As can be seen below the area is densely occupied;

[image: ]
Figure 6- Area of operations [12]
The issues that could affect this operation are broken down into sub-headings for ease;

Population density – The population of the greater Aden area is estimated at ~1,116,193 (as of early 2024), up by 3.38% on the previous year. The greater Aden area is broken down into; 

	Non-displaced peoples
	650,000 

	Returnees from displacement
	290,000

	Internally displaced people (IDP)
	60,000

	Migrants and refugees
	140,000

	Estimated deaths conflict resultant (since Arab Spring) 
	130,000 (13,000) children


Table 3 - Aden population breakdown [5] [13]
The actual population the Attawahi District (2019), was estimated at 92,686 [5]. A wide scale evacuation of the area would be almost impossible to mobilise, given the state of the Yemeni administration. A large proportion of the land mass is un-liveable, further compressing the available area for habitation. In context, the population of Swansea was 238,500 in 2021 [14].

Security support – Like the rest of Yemen, the population of Aden is in a protection crisis, however, unlike other areas, Aden has got off lightly, despite the 2015-2019 “Aden Unrest”. That said it has still been burdened by political instability, an unstable economy and growing numbers of IDP’s/migrants/refugees. As well as the ongoing Houthi-instigated instability, militants, aligned with Al Qaida, attacked the USS Cole in 2000 whilst it was in Aden Port awaiting refuelling. The blast killed 17 and left 39 wounded [15]. The following map is indicative of the poor security and socio-economics of the Aden peninsula;
[image: ]
Figure 7 - Heritage Sites of the Aden Peninsula - UNESCO Site Surveys (2019) [5]
Each numbered site is an area of historical interest according to United Nations Educational, Scientific, Cultural Organisation guidelines. The key shows severity. Cultural & Antiquities crime have become massively prevalent since the Arab Spring. To briefly summarise how this affects areas like Aden; 

· Context at archaeological sites is lost through looting, including legacy munitions.
· There is a direct link to antiquities on the illicit market as it relates to poverty.
· Antiquities trafficking is a form of organized crime.
· The market for antiquities influences both looting and smuggling.
· Sales of stolen antiquities often fund terrorist and criminal activities.

Fishing – It would be ill-advised to dispose of these articles at sea, due to the UN’s SFISH programme. Actively detonating large charges for disposal at sea would be disruptive and affect the natural environment - shock effects and pollutants being foremost issues. It would also be incredibly difficult, disruptive and expensive to cordon the nautical area.

[image: ][image: ]Safety - MSB NEQ of 6,766 kg – Using the UN SaferGuard IATG Blast Damage Estimation Tool, the following shows the predicted potential area of devastation. Figure 9 - Distance to closest inhabited structure [12]
[bookmark: _Toc179087279]Figure 8  - IATG calculator [16]


The relevant data was overlaid into Google Earth with the supplied information (table below) showing the area a full, surface, initiation would affect. Shown in the table below is the data for a single munition, based on a light building (given that the precise structure/condition of the MSB is not known);
	Detail (closest building 65.64m)
	x1 BB-1 (135.3kg)
	x50 BB-1
(6,765kg)

	Damage to Windows of 4mm Thick Annealed Glass

	Small Window 0.55m by 0.55m
	Low Hazard
	High Hazard

	Medium Window 1.25m by 0.55m
	High Hazard
	High Hazard

	Large Window 1.25m by 1.55m
	High Hazard
	High Hazard

	Minimum Range to No Break (m)

	Small Window
	133.48m
	491.73m

	Medium Window
	215.62m
	79434m

	Large Window
	482.57m
	1777.80m

	Ground Vibration (m)

	Maximum Effected Range
	372.22m
	2631.99m

	Injury/Fatality to Personnel Range (m)

	Fatal Distance
	11.85m
	43.65m

	Lung Damage
	18.78m
	69.18m

	Eardrum Rupture
	48.29m
	177.89m

	Damage to Brick Structures (m)
	

	Houses completely demolished
	8.60m
	87.82m

	Houses badly damaged, beyond repair, require demolition
	12.73m
	129.90m

	Houses rendered uninhabitable, can be repaired with extensive work
	22.23m
	226.87m

	Houses rendered uninhabitable, can be repaired reasonably quickly
	38.18m
	389.70m

	Houses require repairs, serious inconvenience but remain habitable
	76.37m
	779.39m

	Noise range over 140db (limit where ear defenders required)
	1103.81m
	4066.25m


Table 4 - IATG Data (NB - based on surface detonation [16] 	
[image: ]         








               Figure 10 – x50 sympathetic detonation IATG overlay [12]
In context, the Aden peninsula is 9,370m across. Below is the IATG noise-affected area overlay; 
[image: ]
[bookmark: _Toc179096563]Figure 11 - IATG noise data  x50 sympathetic detonation [16]
An all-up blast (all 50 articles undergoing sympathetic detonation) would completely devastate the area. The ground strata is composed of volcanic rock; granites, basalt, sandstone and different marbles [17]. Using a simple calculation the size of crater can be derived [18];



    Where; D = Diameter of Crater (m)
 	               W = Net explosive mass (kg)
        	           NEQ = 6750 kg
However, there is a 5 – 40 % variance on the results of this equation due to the varying composition of the ground [18].

               D = 9.64m
               Depth (1/4 of D) = 2.41m



From Table 4 and Figure 10, the ground effects would be felt up to 2629m away, with a crater of nearly 10x3m. The immediate area includes residences, religious buildings, Presidential palace and partly the Port of Aden, detrimentally affecting the Yemen economy. The death-toll would be considerable, given Attawahi’s population density. It is likely that the effects would disable the Port for an indeterminate time.












































Section 5 – ‘Ideal’ Breakdown Methodology

This exercise has a requirement for breaking down a single munition under ideal circumstances. That means a munition in good condition, with stable components. The purpose of this is to show understanding of licencing, health & safety and clear methodology. On site in Yemen there would be little to no governance for such an activity, or need.

Basic asset operation involves a mechanical striker, impacting a stab sensitive composition, igniting a train of gun powder, which travels through a network of channels to a larger pellet. The channels are used to provide the required delay. The final part of the fuze is the Tetryl boosters (320g). The fuze assembly sits in a recess, so that shock impingement effected by the ignition train, efficiently initiates the complete charge. A simple cutaway is shown below;
[image: ]Striker cocking ring.
K3-M fuze fitted in its pocket/recess.

[bookmark: _Toc179096564]Figure 12 - Cutaway of BB1 with fuze pocket [19]
Normally [11], a fuze is only fitted to this munition under combat conditions. When the desired depth adjustment has been made, the striker is cocked and released when water enters the correct channels and presses on a diaphragm. Pre-launch, a steel plate (aka Combat Plate) is fixed over the fuze with 3 bolts. The fuze itself is press-fitted by hand and located by 3 lugs. A single O-ring holds the fuze in place. 


K-3m cutaways are shown over the page;

[image: ][image: ]
[bookmark: _Toc179087283][bookmark: _Toc179096565]Figure 13 - Cutaway of K3-M fuze [10]

[image: ][bookmark: _Toc179087284][bookmark: _Toc179096566]Figure 14 - Close up cutaway of K3-M fuze [10] inset, pellet 







The relevant literature available doesn’t state what the pellets are composed of. After consultation with the Fort Halstead Breakdown Team, it is likely to be one of a few options; VH2, VH4 or RD1651 – all some form of lead salt with tetrazine. Despite these being British-derived compositions, the Russian variations are known to be similar. Given that the article is a sub-surface munition, the primary pellets are pressed into a metal cup and encased in shellac-alcohol to water proof it, and give a degree of degradation resistance.

Ideally, this exercise would be best conducted between QinetiQ Fort Halstead, Kent and Shoeburyness, Essex. Both facilities are licenced for the required explosive works. 

A technical review of the article and the relevant documentation would need to be conducted, as well as a Level 1 HAM (Hazardous Area Management) panel. The requirements from this would involve isolating the Saw facility (including a local farm) from access. Work Instructions, Risk Assessments and a Trials Conducting Document would need completing, among other documentation. All work should be scheduled and all staff be briefed accordingly. A portable radiography scanner would need to be brought in, as the charge isn’t man-liftable. 

Using tested and approved mechanical lifting aids the BB-1, minus the fuze, would be placed on sandbags. The x-ray is operated in accordance with Ionising Radiations Regulations 2017, and local instructions. This ensures the munition is safe to breakdown, that there are no voids or foreign objects that could interfere with the sectioning process. A base requirement for the handling of explosives is to be wearing 100% cotton (non-static generating clothing), all electrical sources isolated in accordance with ATEX regulations and large conductive surfaces earthed to the building​. On Ranges this is still required, with the addition that clothing is fire retardant. Further PPE issued for specific tasks. 

Once the imagery has been checked by suitably qualified and experienced staff, the article should be cut up into >20kg NEQ ‘coins’ according to local instructions, in line with Explosive Regulations 2014. This is done remotely using the large Range Saw. Once sectioned into suitable sizes, the articles are appropriately wrapped, weighed and labelled for transfer to Fort Halstead, for testing. 
The following is a safety trace graphic to show the potential area of impact (SHB);

[image: ]
[bookmark: _Toc179096567]   Figure 15 - Location of the Range Saw at SHB [16] [12]
As explosives come under the Regulations for the Movement of Dangerous Goods (UN Class 1) the relevant paperwork would need filing to move such an article;
· Dangerous Goods Note
· QMAS (QinetiQ Munition Accounting Software) Issue Voucher stating the correct OME being moved, etc 
· Full goods out inspection form 
· Competent Authority Document (CAD) approved packaging and the correct CAD to go with the paperwork 
· Dangerous Load Card
· Instructions in writing, printed in the drivers first language are also required 

Once completed and approved, SHB Ammunition Team would transfer the components by road. Once receipted, the FHD Ammunition Team can move the coins into the Main Magazines.

Once a local L1 HAM has been conducted, work is carried out according to the same legislation as at SHB. The larger parts are initially placed in the Large Bandsaw to section them into smaller articles. These smaller sections are then moved to the Small Bandsaw and Mill for further reduction and shaping. A number of tests would be employed for analysis. The following is a similar trace for FHD, however IATG doesn’t supply trace graphics for <50kg;

[image: ]
[bookmark: _Toc179096568]          Figure 16 - FHD safety trace [12] [16]
The fuze would be sent separately for radiography at FHD. Once reviewed, the item would be sent to Breakdown for dismantling. Following local instructions, the chemical samples are then sent to labs.

Test and Evaluation of Energetic Filling  [20] [21] [22] [23]

Energetic Materials Testing Assessment Policy experiments are carried out to determine sensitiveness to a variety of stimuli. This work would be carried out in the EMTAP labs at FHD. EMTAP testing determines that a material will remain safe and suitable for service under normal conditions​​. 

A basic test regime is detailed in the table below. The addition of Mallet Impact testing would aid EOD operators in understanding the potential consequences of ‘hitting’ the munition with a de-armer. For the purpose of this exercise, testing of both the main fill, pellets and boosters would be carried out.

Spark Testing would be conducted first, to determine what electro-static precautions are required for future handling of both substances. As they have been around for a long time, there have been numerous studies into their sensitiveness and the results are largely known to a degree of certainty. These expected parameters would be used for the HAM case. Static dissipation levels are determined by the output of the spark test and whether the material requires anti-static or conducting conditions.

	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

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

	Condition boundaries
	Minimum relative humidity level
	Flooring resistance

	Anti-static
	>40%
	Flooring resistance between 106 & 109 ohm for charge dissipation

	Conducting conditions
	65%>
	<106 ohms resistance

	Both conditions are not for the ranges, it should be noted, however extreme inclement weather is undesirable


Table 5 - Spark Test requirements [23]


TofI testing requires two test tubes containing 0.002g of the material. It is then placed in a heating apparatus and subjected to a ~4°C/min temperature rise. The apparatus is observed and timed/recorded when a reaction takes place. Expected observations include; explosion, flame, smoke, sound or decomposition.

Rotter Impact testing determines impact sensitivity. A 5kg mass is dropped onto a brass cap containing milligrams of the material, within a sealed anvil. The anvil is connected to a gas burette measuring the volume of evolved gas. The drop height is increased following a ‘no-go’ and decreased following a ‘go’ over a total of 50 shots.

Rotary Friction takes a set amount of sample and places it between a roughened steel block and wheel. The sample is compressed to 40 psi and the wheel impinges the sample effecting shearing frictional forces. 
Mallet Impact is completed ‘hands on’. It comprises 60 ‘shots’, 20 of which are conducted with a steel tipped mallet striking a steel anvil on the floor with a glancing blow. The remaining shots are conducted with nylon on steel, hard wood on York stone, hard wood on hard wood, lastly, hard wood on soft wood. Two operators conduct the test, doing half of the shots each.
	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 
	 


Table 6 - Expected results from testing [20] [21] [22] [23]



















Section 6 – Disposal Methodology

The weather for the proposed initial firing days is shown below;

[image: ]
[bookmark: _Toc179096569]Figure 17 - Weather for proposed firing days
There are two days where a Level 1 Thunderstorm Warning would be in force, therefore NO explosive working would be conducted. This is due to the risk of lightning strikes and increased static. As Yemen is generally dry and arid, these types of storms carry an extra risk of high Electro-Static Discharge. Rain would only prove a hindrance if very heavy and created such an environment where the ground became a sandy bog and it would interfere with open burns. Estimated time on site is detailed below; 
	10-13 days
	Secure area, FOD/UXO checks, setup of control point & burn cell, initialise temperature logging

	25-30 days
	Disposal firings

	7-10 days
	Decontamination of firing arena and scrap waste locally

	Due to the security situation the team would need to be billeted offshore



Physical Methodology for Render Safe Procedure (RSP)

[image: ][image: ]Before entering Yemen, the team would undergo pre-deployment training, so that all personnel were “on the same page”. A proposed burning ground (PBG) has been identified, which is equidistant to the closest inhabited buildings and the MSB. With UN support, it would be desirable to secure and evacuate all non-essential personnel, in collapsing cordons, to the yellow line of Figure 18. Given local attitudes towards authority and danger, this exclusion zone may not be heeded. It would be advisable to offer counselling on the conclusion of this operation should civilian casualties occur. Wireless CCTV would need to be used to monitor the perimeter of the Fort. BB-1’s don’t contain Electro-Explosive Devices, therefore immune to Radio Frequency interference.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 ​


Figure 18 - Single munition, deflagration to detonation, inset fatality trace

[image: ][image: ][image: ][image: ]The following figures show calculated distances to the closest buildings and MSB;[bookmark: _Toc179087290]Figure 19 - Proposed Burning Ground – distance to the south east [12]

[bookmark: _Toc179087291]Figure 21 & 22 - Proposed Burning Ground - distance to MSB [12] inlay shows detail of the land [12]
[bookmark: _Toc179087289]Figure 20 - Proposed Burning Ground - distance to south west [12]

There is a risk that there may be Unexploded Ordnance and items that may damage the operator’s equipment, appropriate checks must be carried out prior to setting up the CP, etc.

There are no identifiable external burning areas. The Fort’s terrain is sandy and undulating, the complex sitting on slightly elevated ground overlooking the Port (N.E.). There are a number of partially demolished buildings nearby, which seem to be constructed of baked mud brick. From Figure 20 above, it can be seen that the PBG sits in a slight depression, with mud brick walls to the East and West. The Northern and Southern approaches are open. The South would be hemmed in using sand-filled Hesco barriers. A Hesco is a collapsible wire mesh structure, with a heavy duty fabric liner on the inside. It would be desirable to bulldoze a traverse (a sloped bank) to the exterior of the Southern. Hesco. The additional earthen mass would help mitigate any lateral potential explosive effects, directing blast effects upwards. The North side of the PBG, would have to be G-shaped, to enable access, both to personnel and small vehicles. The G-shape is designed to direct any explosive effects away from the closest infrastructure and the MSB. The Command Point (CP) would need to be to the N. W. of the Fort. A Hesco fortification will need to be built to accommodate the position, equipment and personnel. Emergency evacuation points have been marked should the need arise. Exfil 1 takes personnel to the N.E. towards the park, and Exfil 2 leads N.W. to the coast. Due to the security situation, most of the staff would have to be billeted offshore for their safety, likely a Prosperity Guardian vessel.
[image: ][image: ][image: ][image: ]The MSB is laid out in Figure 24.Op Prosperity Guardian vessel at anchor
[bookmark: _Toc179087292][bookmark: _Toc179096571]Figure 23 - Proposed Command post, including Emergency evacuation routes. Inset burn ground [12]
[bookmark: _Toc179087293]Figure 24 - Plan of MSB


The briefing document states that all bar one charge has the fuze fitted. Therefore, it would be advantageous to test the planned methodology on this article, if possible. Burning by combustion is preferable due to the numerous and varied reasons as previously stated. The double-height stack sits at the rear of the horseshoe, at the end of a downward gradient.

The disposal flowchart (Annex A) details the steps for removal and disposal. At any point a member of the team should call a STOP, if any action or process is deemed to be unsafe.

A portable 300kV x-ray system would be used to fully confirm what is fitted, and in what state, i.e. armed or safe. It is conceivable that the combat plates, (the fuze covers), were fitted to prevent ingress of dirt to the fuze mechanism. It is important to know exactly which fuze is fitted, when we know the VGB fuzes were replaced in part for being deemed unsafe. 


[image: ]Should any fuzes be armed, a Freeze Neutralising Kit (FNK) would be deployed to secure the moving parts of the fuze, preventing them from operating, whilst the charge is in the process of being moved. 

[image: ]An FNK is an autonomous cryogenic set and shown below;








Figure 25 - Freeze Neutralising Kit [26]  Inset, portable x-ray [38]



[image: ]The interior is shown below and right;
[image: ]Figure 26 & 27 – Interior pictures supplied by Brimstone

The single un-fitted fuze will be taken to the burning ground in a secured ACA and burned. This is done in a metal cage, to suspend the article, above a fire. The fire is lit using Quick Match (gunpowder coated string, with the foil casing removed), shredded paper, white spirit and acetone. The Quick Match is initiated using an electric match head. The fire is less likely to initiate a detonation and a safe and widely-used method of disposal.

The charges will be moved by a remotely operated Daksh UXOR (below), from the MSB to the PBG. This ROV is soon to enter service with the Indian Air Force and is capable of lifting 1000kg. It is then positioned atop sandbags, and a roller mechanism. 
[image: ]



















[bookmark: _Toc179087295][bookmark: _Toc179096572]Figure 28 – Daksh UXOR fitted with ANT MACE system [35] [36]


[image: ][image: ]Fitted combat plates below-left;Figure 29 - 'Combat Plate' fitted as evidenced by bolt heads visible. Courtesy of Brimstone. Inset; EXPRAY test kit. Courtesy of the author



It was reported that there are “fine yellow crystals leaking from the pistol”. Given that the main fill of the BB-1 is TNT, this crystalline formation is likely TNT eutectics, or, Tetryl from the fuze. It is unlikely to be anything from the fuze pellets, as these are covered with shellac-alcohol. Shellac is an animal derived resin, which is water and acid resistant. When it degrades it undergoes a polymerisation process, meaning small molecules combine to create long chain molecules [24]. Despite becoming brittle with age, it is not believed that the primary pellet composition would migrate, due to being effectively sealed.
As TNT is a melt cast explosive, it is susceptible to degradation by heat and time. Changes to the crystal morphology through heating forms larger crystals. These larger crystals are generally made up of differing levels of the base components of TNT. As a rule, larger crystals are more fragile and therefore more unstable, and prone to detonating when subjected to impingement. To confirm composition, a field explosives test kit (Figure 29 inset)	 would be utilised. However, these can be slightly inconclusive, so a handheld probe would be more accurate. 
Once confirmed, the charges are to be individually moved by Daksh to the burning bay. The Combat Plates are not to be removed beforehand, for the above reason. 
Despite the melt point of the 3 explosives, they would still have good thermal stability. A charge would only accidentally initiate when either subjected to large shock, or low order deflagration. A wetting agent could be utilised for increasing shock sensitivity resistance. 
Therefore, the most appropriate RSP for TNT would be combustion. The best method to accomplish this would be to steam-out the main fill [25].
[image: ]A trepanning core machine (right) would need to be utilised to cut holes in the casing of the charge, both to allow steam ingress, but to alleviate pressure build-up. (See inset below). Using the previous lifting methods, post first cut, the complete charge will need rotating 180°. And, two further cuts completing. As TNT has a melt temperature of ~80°C, a remotely operated steam unit drains the casing of the majority of the explosive into a 200l steel tray, buried below ground level. Steam unit below; Figure 30 - Trepanning Machine [26] 






[image: ]
Figure 31 - Steam Unit with cut order inset [26]
[image: ]





A remotely operated, butane-fed flame-head (shown right) would be used to initiate a surface burn within the tray, consuming the explosive by combustion. The critical diameter of TNT is such that it is unlikely to proceed to a state beyond combustion. A second burn of the casing is to remove any remaining trace of TNT and consume the explosives contained in the fuze. Should this burn fail to consume the fuze, a system such as FireAnt would need to be deployed for confirmation. The remaining metal waste is then sent for scrap locally.			
[image: ][image: ]Equipment is operated remotely from the CP. It would be completely impractical to operate the equipment from too far away. Given the Hesco walls and distance to the CP, there should be enough protection for the operators should a high-order event occur. The approach and the inside of the firing cell must be covered by further CCTV to remotely observe the area (see Figure 18 inset). This reduces the risk to personnel, by removing them from danger, and keep the article in view. It is desirable to use mirrors to observe the burns, as, should an article burn to detonation, the CCTV camera is more likely to survive (from experience). Figure 32 - Butane-fed flame-head [22], inset deployed FireAnt deployed [40]

PPE for the task would be bomb suits, gloves, noise-cancelling ear defenders, toe-capped boots and something like a quad for transport between the PBG and CP. 





Section 7 - Decontamination Issues

According to the CDC (American Centre for Disease Control) “Trinitrotoluene is a yellow, odourless, solid manufactured compound that does not occur naturally in the environment. It is made by combining toluene with a mixture of nitric acid and sulphuric acid”. TNT and its by-products can be absorbed by edible plants through ground water and contaminated soil, from burning or production sites. TNT is classed as a mutagenic compound as it can cause birth defects. It can cause anything from mild skin irritation to, blood disorders, and liver abnormalities. Causation of tumours is inconclusive, but has been classified as a human carcinogen [27]. 

Again, according to the CDC “Tetryl is a yellow, crystal-like solid at room temperature. It dissolves slightly in water. It can also dissolve in other liquids, including benzene, alcohol, and acetone”. It has a different ecological profile in that it is less likely to contaminate ground water and sits in surface water. There’s no hard evidence that it transfers from soil to ground water. The health effects from Tetryl exposure range from dermatitis and asthma, through to cancers [28] [29].

Post burning, the affected area would need to be thoroughly decontaminated, potentially involving an amount of top soil being sent for proper disposal. The scrap once decontaminated, could be donated or sold locally to raise some funds for indigenous personnel.

















Section 8 – Reflection and Conclusion

This is a tricky situation, which could involve many different nationalities, agencies and a large amount of the civilian populace being cordoned in an already crowded city. The risks to the key Yemeni economic centre at the Port of Aden would need to be heavily considered should this operation be carried out. For all of the reasons stated thought this report, it may prove to be prohibitively costly. The security of the site would need to be also heavily considered due to the ongoing threat from the Houthis, et al. 

Prior to conducting the operation in theatre, pre-deployment training would be needed for all operators which would include several dry-runs of the equipment. Those with specialist skills would need to be included in the team. Also, a pre-deployment recce would need to be carried out to see if the condition of the site had changed from the Brimstone photo’s, gathering extra evidence.

Skill-sets required – (some requirements may be met by multiple individuals)
· EOD experience – including demil open burns
· ROV operator experience
· Command experience of EOD operations in a multinational environment
· Instrumentation experience including data logging, CCTV, firing circuits and ROV technology
· Arabic speaker/interpreter
· Sample identification experience
· Construction engineering experience
· Trusted UN Security force and local fixer
· Heavy plant, shipping & international logistics expertise
· Meteorologist 

Technical conclusion post firings – The findings of the initial non-destructive testing would go a long way to deciding on whether to continue with the operation. There are several steps at which everything could come to a grinding halt. However, if adhering to a safety-first and scientific methodology, it is the author’s belief that the operation could be carried out successfully. 

To revisit cost... The security support alone would be massively expensive, unless UN troops already in theatre are utilised. Logistics, supplies, subsistence, time on site, specialist equipment; would conspire to push the financial burden into the millions of pounds. Who would be liable for these costs is also an important question. Just one operator for the max of 50-53 days would cost in the region of ~£26,000. We estimate a team size of 7-10 would be sufficient. Given the situation in Yemen, this would likely be the United Nations, or the Saudi-led coalition. It would be in everyone’s interest to see these munitions be disposed of, as their continued degradation will continue to endanger the local populace. The Fort could be better used to generate tourist income for the government.

Overall, the group worked well together. There were some initial teething problems with individual procrastination, day to day work load, and academic judicial proceedings, but these were overcome with clear and concise communications. The author was well within a comfort zone, as background research for briefings was a former job within the MoD/RAF. Explosive handling and trials are part of day to day work. 
The author acknowledges the comments made via feedback, but wishes to address the individual points. 

“Ben – Reasonably clear delivery, good pace throughout. Rather quiet for the most part, don’t be afraid of shouting at us. A lot of reading from notes but some attempts made at eye contact. Delivered with hands in pockets for the most part, this is not ideal as it is closed off body language for a presentation.”
The author was suffering with a bad cold and the remnants of a bug passed on by his children. Most of the time he felt that he was actually being too loud. The author was also suffering quite large doses of nerve pain during the presentation in one shoulder, hence having that hand in his pocket throughout, in a comfortable position. The other hand was gesticulating throughout, but may have been hidden by the screen. However, the comments will be taken on board. 
The subject of ‘antiquities & legacy weapons’ clearance, and especially how it’s linked to organised crime, are topics that the author wishes to study in greater detail in the future. Low orbital imagery when applied to target acquisition, both for disposal and identification of at risk sites, is the link for the author, to Art & Antiquities crime. This interest is inspired by past experiences and the work of Dr Sarah Parcak.

I would like to see this situation resolved for the benefit of Aden. And resolution to the war.
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Annex A – Disposal Decision Flowchart
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[bookmark: _GoBack]Annex B – Discounted RSP Methods

· Disruptor​ – Imparts excessive shock and would only be used on the fuze. Normally for disrupting electrical components.
· FireAnt/Mega Torch​ – Kannberger report suggests that there may impart enough heat to initiate the explosive.
· Cutting Linear Charge​ – Imparts excessive shock, enough for high order.
· Baldric/EFP​ – As FireAnt.
· Det cord​ – As CLC.
· Detonation – As CLC.
· Sea Demolition – UNDP SFISH, pollution/shock effects.
· De-armer – As disruptor.






































Annex C

[bookmark: _Int_L2jgg0PF]TLA’s used in this presentation

ADR 	– Accord européen relatif au transport international des marchandises Dangereuses par Route
ASW 		– Anti-Submarine Warfare
AUM		– All Up Mass
CAD 		– Competent Authority Document
CP	 	– Command/Control Point
DOME		– Defence Ordnance Munitions & Explosives
DSA 		– Defence Safety Authority
EED 		– Electro-Explosive Device
EFP		– Explosively Formed Projectile
EMTAP 	– Energetic Materials Testing Assessment Policy
ER14 		– Explosive Regulations 2014
ERV		– Emergency Rendezvous routes
EOD 		– Explosive Ordnance Disposal (Bomb Squad)
FOD 		– Foreign Object Debris/Damage
FHD 		– Fort Halstead, Kent
GICHD 		– Geneva International Centre for Humanitarian Demining
HAM		– Hazardous Area Management
HSE 		– Health and Safety Executive
IATG 		– International Ammunition Technical Guidelines
IRR17 		– Ionising Radiation Regulations 2017
JSP 		– Joint Service Publication
LOI 		– Low Orbit Imagery
MSB 		– Munitions Storage Bunker
NEQ 		– Nett Explosive Quantity
NGO 	– Non-Governmental Organisation – (often not profits) e.g. Medecins Sans Frontiers
OME 		– Ordnance Munitions & Explosives
PBG 		– Proposed Burning Ground
PID 		– Positively Identify
QMAS 		– QinetiQ Munition Accounting Software
RSP 		– Render Safe Procedure
SFISH		– Sustainable Fishery Development project
SHB 		– Shoeburyness, Essex
SQEP		– Suitably Qualified and Experienced Person
UAV 		– Unmanned Ariel Vehicle (sophisticated drone)
UN 		– United Nations
UNDP 		– UN Development Programme
UNESCO 	– United Nations Educational, Scientific, Cultural Organisation
UXO(R)		– Unexploded Ordnance (Robot)
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