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The aim of this report is to review the approach taken on the identification of an unknown explosive device covered in a previous report titled: Data capture and analysis of an OME item. This report captures the following:
a. The data capture techniques and methods to capture certain parameters of the explosive event;

b. Those techniques and parameters which were not captured and whether they could have further enhanced the data capture and post event diagnosis;

c. How the data capture and analysis could have been improved to determine the identity of the unknown explosive device.

The Author has no previous practical experience on conducting an explosive event of an energetic device. Therefore, it was necessary to refer, and to some degree rely upon, methods of best practice and guidance on how to conduct such an activity. Open source Standards were referred to such as Allied Range Safety Publication (ARSP) 03 Volume 2 [1], which were found to provide procedures which could be adapted and applied to the mini arena trail conducted to enable the identification of an unknown explosive device. 
The limitation found when using such a Standard is that it was based around the reproducibility of an explosive trial, deriving empirical data of a level that could be statistically credible; as opposed to a one-off explosive event and analysis. However, the principles outlined were found to be transferrable and provided a far greater degree of rigour than what was conducted during the explosive event conducted by the Author. 
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For the purposes of assessing and reviewing the effectiveness, limitations, and improvements which could be made to the data capture and evaluation which took place during, and post explosive event a systematic approach was taken. It was broken down into three broad categories which analysed the techniques which were used and how they could potentially be improved upon. The three broad categories were:
a. Pre-explosive event – how the mini-arena trial was set up and conducted;

b. During explosive event – those techniques and devices utilised to capture the dynamic event;

c. Post event analysis – the techniques utilised to conduct a post event analysis of the chemical nature of the unknown explosive device. 
Although the following details potential methods for the improvement on the capture of parameters and post event evaluation techniques, the single greatest limitation found is the stochastic nature of the event. Whereby, a metallic casing is subjected to an explosive event and fragments creating a dispersion pattern which is inherently random. Therefore, it is necessary to conduct multiple explosive events on an explosive device for the resulting data to be analysed. This was not possible due to the very nature of the challenge posed by attempting to determine the identity of an explosive device from a single explosive event.
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The following is an examination on the limitations of the explosive event, highlighting aspects that should be noted when conducting such an event in future as well as general observations on those aspects that were known to have a detrimental impact of the captured data. 
An accurate measurement of the atmospheric conditions on the day of the event would have informed the post event analysis when comparing the performance data to that of previously tested OME, where it is known to influence the measurement of blast data. This can be seen in how atmospheric density is applied to fragment velocity modelling through, for example, the following equation which calculates air density as a function of height below ~ 10,000m [1]:

The immediate area was potentially contaminated with previous explosive events. It is not known whether an appropriate degree of decontamination had taken place prior to the event. However, this is expected to have had a negligible effect but should be noted for future events.  
There were a number of sizable obstacles within the immediate area (Figure 1) which could have been removed to eliminate the reflections; or alter their geometry/orientation to mitigate their impact. Alternatively, those objects which could not be removed from the immediate area could have been measured prior to the blast event to understand their effect on the pressure recordings. 
[bookmark: _Ref218962376]Figure 1 - Mini arena trial set up
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[bookmark: _Ref218962488]Figure 2 - Pressure gauge clamping
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With reference to Figure 2, the use of a perished dampening material demonstrated by the cracking on its surface can be seen. This was used to dampen the vibrations experienced by the explosive event and thus reduce background ‘noise’. It is assumed that using undamaged material as well as its use on the bare clamped section would further reduce the unwanted noise. 
Perhaps the use of an alternative material could reduce the potential sonorous ringing induced by the use of the metal components used to measure the over pressure. However, the feasibility of this is questioned as well as the potential benefit this could bring.  
As noted in the introduction, to gain a reliable set of results which held demonstrable validity would necessitate the event to have been repeated. If this were possible a recommended number of trials are set out in Table 1 [1]. 
[bookmark: _Ref219291840]Table 1 - Numbers of required individual arena tests
	Charge Size (Kg TNT)
	Recommended
	Minimum

	
	Total
	Horizontal
	Vertical
	Total
	Horizontal
	Vertical

	0 to 45
	5
	3
	2
	5
	3
	2

	> 45
	
	
	
	4
	2
	2

	~ 2000
	
	
	
	3
	2
	1



In terms of the orientation of the device, a more detailed approach could have been applied due to the influence this has on the capture of the resultant fragmentation pattern. With reference to Figure 3, it is worth highlighting and defining the angles between the explosive device and the fragment capture boarding as these form a fundamental aspect of how the explosive event could have been conducted. It would have provided the framework for a coordinate system enabling a more mathematically rigorous approach to the analysis of the fragmentation pattern. 
· The azimuth angle (θ) details the variation from the base of the device to the nose, or for a cylindrical device the opposing ends. 

· The roll angle (ϕ) describes the variation around the longitudinal axis. 
Further, knowing these angles could have been used to develop the scaling of the captured data whereby the mass and distribution of the whole munition is obtained from the fragmentation pattern captured in a semi arena trial (Figure 4). 
[bookmark: _Ref219293254]Figure 3 - Fragment capture angles [1]
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[bookmark: _Ref219295713]Figure 4 - Fragmentation data onto a sphere [1]
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The mini arena in Figure 1 could have been extended to create an approximately 180° azimuth angle arena, or potentially into a complete circular arena to further enhance the fragmentation data. What became apparent when considering the limitations with the approach taken with a mini arena set up, is its inability to determine whether the explosive device was symmetrical or asymmetrical or clearly determining isotropic properties. 
The general capabilities and limitations of arena-based trials have been detailed in Table 2. From the empirical evidence collated in the live firing event and with reference to the limitations, the potential loss of small fragments and the resultant loss in the ability to accurately determine the overall mass of the casing material is immediately apparent. 
[bookmark: _Ref219310465]Table 2 - The capabilities and limitations of an arena-based method [1]
	Capabilities
	Limitations

	Mass and spatial distribution for multiple fragment materials
	Definitive link between fragment TOA/speed, mass and material type

	Time of Arrival (TOA) distribution independent of fragment mass/material
	Drag coefficient

	Post detonation fragment shape
	Fragment origin

	Fracture time
	Tumbling properties

	
	Fragment orientation on impact

	
	Small fragment masses/sizes 



It is interesting to note that guidance on fragment analysis notes that if the percentage of recovered fragment mass for a horizontally positioned initiation falls below 80% [1], further examination of the data should be conducted. This is to resolve the validity of the test, using the following formula: 

Where  is the summation of the mass of all the fragment parts collected, and  is the mass of the pre-initiated casing, less the explosive mass. However, in this instance the use of this formula is limited due to the energetic mass being inseparable from the casing prior to firing. 
To enable a greater number of fragments to be recovered a non-standard/high percentage fragmentation capture arena could have been utilised. This would have potentially utilised a capture medium such as water or sand and sawdust. However, this would have involved the complete containment of the explosive device. Whilst this would have been beneficial for the capture of the resultant fragments, it is not clear how this arrangement would have enabled the application of Time of Arrival (TOA) or other methods to determine the fragment velocity. This can be seen from Figure 5, where it is difficult to envisage the measurement of the fragment velocity given the nature of the arena design. 
[bookmark: _Ref219465029]Figure 5 - Illustration of a high percentage capture arena [1]
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It is also worth noting whether this arrangement induces confinement on the explosive device and thus raising its explosive effect to such a degree that it alters the characteristics of the device. 
The use of a complete arena, which completely encircles the device would appear to be the most suitable option given the limitations of a semi circular and high percentage capture arena. 
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To determine how the data capture and analysis could have been improved, it is worth exploring the techniques available, and whether they would have been appropriate or practicable based upon their known limitations. The measurement methods can be broken down into different categories based upon the parameter they are designed to measure: 
a. Optical methods
b. Blast overpressure measurement
I. Detonation properties measurement
c. Thermal measurement
The limitations of optical methods include:
a. The distance between the explosive device and the camera needs to be maximised to reduce potential damage, but this can result in the use of long focal lengths which can introduce image distortion and a reduction in exposure.
b. The obvious need to have the camera in the line of sight of the device, or the use of mirrors which can add additional burdens such as the necessity to use high quality mirrors for long stand-off events. 
c. Cameras can only view the exterior unless some form of transparent composition is utilised. This can be attributed to the products of detonation and their intensely luminous nature. 
d. The high frame rates required limit the number of pictures recorded or potentially the resolution. 
Noting the limitations against the optical methods, it is still considered an enhancement on the TOA velocity foils utilised as part of this explosive analysis. 
The performance of the fragment blast boarding, used primarily as a fragment capture medium, was found to have performed its primary functions, noting: 
· It was found to have a density that enabled the fragments to penetrate and be captured whilst simultaneously not altering the physical characteristics of the fragments.

· Although not noted during the experiment by the Author, it is assumed that the capture medium was of a consistent uniformity to enable parameters such as density to be used. This could then have potentially been used to infer the fragment velocity.

· It was able to act as a carrier medium for the TOA velocity foils. 
Figure 6 -Incident pressure measurement gauge
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It can be seen from the impact damage in Figure 6 that a greater degree of protection could have been provided for the incident pressure gauges. Potentially, there could have been additional gauges placed in the following orientation:
Figure 7 - Potential additional incident pressure gauge layout
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The use of the capture medium could have been extended and potentially used to determine the initial velocity of the fragments from their penetration depth. This would require the use of a medium with relevant known parameters such as the material density. An example of how this would be calculated has been presented in the following equation, which utilised Celotex as the capture medium and is applied to irregular fragments with a mass between 0.05g and 27.3g: 

Where  is the initial velocity/striking speed,  is the penetration depth and M is the mass of the fragment. The fragment velocity would need to be between 150 ms-1 and 1370 ms-1.
However, the level of accuracy which is provided by this methodology is questionable and its use would be restricted to perhaps providing an initial indication on the fragment velocity.  
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The analysis of the velocity of the fragmentation utilised the Gurney model. This has known limitations which influence the determination of the velocity of fragments:
· The resistance of an explosive device’s casing to deformation. Where the forces in the metal oppose the deformation by the initiating explosive are not taken into account. This results in a reduction in the initial velocity of the fragment [1].

· The model in its basic form is unable to analyse fragmentation which is accelerating. It necessitates the detonation gases to have expanded to atmospheric pressure and for the fragments to experience no external forces to act upon them during the acceleration phase [1]. Or more succinctly, it cannot account for the acceleration phase and is limited to the final velocity. It requires modification to enable the model to be utilised across the explosive event. 

· The accuracy of the model is reduced for extreme levels of M/C (mass of metal casing/mass of explosive material). 

· It cannot account for energy losses as the products of detonation are projected from areas of weakness within the metal casing; as opposed to projecting the fragmented casing. 
Noting these limitations, the use of modern modelling software should be explored further to create a more accurate fragment velocity modelling.
[bookmark: _Toc219404830]Potential improvements to the data capture and analysis
Improvements which could have been made to the test area:
· Those obstacles which could not be removed from the immediate area could have been measured prior to the blast event to understand their impact. 

· Rearrange obstacles to a geometry which reduces the associated level of reflection.

· Potentially a metallurgical analysis could have been introduced as an additional method for the forensic analysis of the recovered metal fragments. It is assumed that this would give an indication on not just the composition of the casing but also indicate the nature of the explosive device. An item that is conventionally manufactured would utilise material made to a specified standard and therefore would contain less impurities as opposed to a device which is improvised in nature. It could also have been used simply used to discriminate between known explosive casings. 

· Use of modern software modelling, utilising the pressure and velocity data collected by the incident pressure and TOA devices. 

· A defined process to follow based on examples of best practice.

· The use of temperature measurement devices such as thermocouples to potentially infer from the temperature of the products of detonation the possible energetic material utilised. 
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Although the explosive event was constrained to a single firing with demonstrable limitations, as shown in this assessment; it was still able to capture sufficient information enough to give direction on what the unknown device could be from a candidate list of OME. 
The most immediate learning point from the practical exercise is that without a clear, rigorous set of processes developed from best practice, there will inevitably be a significant shortfall in the quality of empirical data collected from such an event. 
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