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[bookmark: _Toc228788330]Abstract
This project investigated the TNT equivalence of nitromethane (NM) for small-scale blast testing of charge sizes up to 15 kg. This work was motivated by the increasing difficulty of sourcing Plastic Explosive 4 (PE4) and the associated rising costs, prompting the need to investigate nitromethane as a potential alternative explosive material for small-scale trials.

A series of blast trials were conducted at DNV Spadeadam, using nitromethane with four different initiation configurations. Incident peak overpressure and incident impulse were measured at standoff distances of 6, 10, and 15 m. A 0.5 kg TNT reference trial was conducted to validate the experimental setup; however, the recorded data did not align with reported values due to the charge geometry. It was determined computational fluid dynamics (CFD) modelling was a more appropriate method for validation.

The experimental data showed good repeatability across trials and were in close agreement with corresponding CFD simulations. TNT equivalent values of 1.10 based on incident peak overpressure and 1.13 based on incident impulse were determined for the configuration used in these trials.

High-speed video footage indicated interactions between the developing fireball and the ground, suggesting surface reflections may influence pressure-based equivalence measurements under these conditions.

The results demonstrate that TNT equivalence values for nitromethane using incident peak overpressure and incident impulse can be determined, supporting future blast trials at DNV Spadeadam. The results reflect the specific configurations tested which introduces some constraints on their broader applicability. Recommendations for future work include increased charge height, conventional container geometries, and additional experimental repeats to improve confidence and reliability. 
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[bookmark: _Toc228788337]Introduction
Det Norske Veritas (DNV) Spadeadam Research and Testing undertake full-scale blast trials, assessing the performance of protective infrastructure against accidental explosions and hostile attacks. New material, structures, accidents or threats can all be assessed and characterised through full-scale blast trials, where modelling is not a suitable alternative. For charge sizes less than 50 kg these trials have traditionally used Plastic Explosive 4 (PE4) as the main charge material. However, in recent years, military and economic climates have resulted in PE4 becoming difficult to source within practical timescales and at reasonable costs. This highlighted the need to identify a suitable alternative energetic material, to ensure continuity of service.

Nitromethane (NM) has previously been used at DNV Spadeadam as an alternative explosive for large-scale trials ≥ 100 kg trinitrotoluene (TNT) equivalence. It should therefore be feasible to use nitromethane in smaller charge sizes. However, before it can be adopted for smaller trials, its suitability for use in charge sizes up to 15 kg TNT equivalence must be assessed. These trials will allow a TNT equivalence value to be determined, by directly comparing blast performance, and therefore provide confidence in future testing using nitromethane. This is of particular importance as DNV customers often require testing to standards such as International Organisation for Standardisation (ISO) 16933:2007 [1] and Norwegian Standard – European Norm (NS-EN) 13123-2:2025 [2] which specify pressures and impulses required be compliant.

[bookmark: _Toc228788338]Aim and objectives 
This project aimed to determine the TNT equivalence for nitromethane for charge sizes up to 15 kg TNT equivalence through a series of blast trials.

The objectives were to:
· Review current literature on TNT equivalence and nitromethane to develop an understanding of the use of nitromethane as an explosive and the measurement of TNT equivalence as a suitable frame of reference in blast trials.
· Conduct a series of full-scale blast trials to collect pressure data using the air blast test for TNT equivalence.
· Undertake a reference TNT blast trial to validate the methodology and provide a known baseline measurement using the same setup as the nitromethane trials.
· Analyse data, comparing trial data to suitable comparisons, considering incident peak overpressure and incident impulse. 

[bookmark: _Toc228788339]Dissertation structure 
This report is broken down into eight chapters. Following the introduction in Chapter 1, Chapter 2 presents a literature review that provides an overview of basic explosive theory before discussing TNT equivalence and the use of nitromethane as an explosive. Chapter 3 outlines the methodology with Chapter 4 detailing the results. Chapter 5 provides a discussion of the results and compares the data to examples in literature. Chapter 6 presents the conclusions; with Chapter 7 discussing recommendations and future work. A reflection is provided in Chapter 8.

Additionally, there are five appendices:
· Appendix 1 – TNT trial data
· Appendix 2 – Trial and Viper::Blast data for nitromethane
· Appendix 3 – Risk assessment and COSHH assessment
· Appendix 4 – Trial checklist
· Appendix 5 – Project Management
· Appendix 5 – Ethics form

Note – data throughout this report adheres to the Internation System of Units (SI).



[bookmark: _Toc228788340]Literature Review
This literature review provides a brief introduction to explosives, outlines the advantages and limitations of TNT equivalency and reviews existing literature on nitromethane and its use as an explosive.

[bookmark: _Toc228788341]Explosions
Sources of explosions can vary in nature with energy generated by chemical, mechanical, or nuclear means. As this research is focused on chemical explosions, all discussions in this paper refer solely to chemical explosions. 

Explosions can be defined as the sudden onset and rapid release of a large amount of energy producing a high-pressure wave and an expansion of hot gases [3] [4]. Figure 1 shows a typical Friedlander curve, representative of an ideal blast wave in the free-field with no obstacles in its path. The maximum pressure generated by an explosion is known as the peak overpressure, with an increase so rapid it can be considered instantaneous. This pressure wave then decreases back to ambient pressure at an exponential rate, referred to as the positive phase, the time-integrated area of which is the positive phase impulse. At the point of returning to ambient atmospheric pressure, the wave then enters a negative phase, before finally settling back at ambient conditions [5]. 
[image: ]
[bookmark: _Ref223960224][bookmark: _Toc228788274]Figure 1 Friedlander blast wave (adapted) [6]

Chemical explosives and propellants do not require atmospheric oxygen for combustion to occur [3] [7]. Instead, the necessary oxidising agent and fuel is contained within the chemical structure of the material itself. This defining characteristic of energetic materials enables the extremely rapid energy release and is required for detonation. Reliance on atmospheric oxygen would result in a significantly slower reaction rate and limits combustion to a surface level burn [3]. This combustion reaction can proceed by either deflagration or detonation. Both processes are exothermic and initially influenced by the method of initiation [7] [8]. Deflagration will occur if an energetic material is subject to high temperatures, a flame, spark, friction or a weak shock [3] [9]. The reaction occurs at the surface level, with energy transfer occurring by thermal processes [10]. The burning rate will be self-sustaining, faster and more violent than conventional combustion but will remain below the speed of sound in that material [11] [12]. 

Detonation, by contrast, occurs when an energetic material is subjected to a sufficiently strong shock, or undergoes a transition from deflagration-to-detonation (DDT) [4]. When an explosive is subjected to a high energy shock, particles in the material compress and increase in temperature due to adiabatic heating [3] [13]. If this temperature increase exceeds the ignition temperature of the material, chemical decomposition occurs locally and energy is released rapidly inside the material. This starts a self-propagating reaction where the shock front is continually sustained as more energy is released. This process continues until the shock wave reaches the speed of sound in that material, at which point, detonation occurs [4]. Alternatively, DDT may occur when gases from the burning process become confined, causing pressure to increase at the burning surface, which increases the rate of reaction [9]. Again, if that burning rate reaches the speed of sound in the material, detonation will occur. The velocity of a shock wave during detonation is typically between 1500–9000 m·s-1, whereas in deflagration the velocity at least one or more orders of magnitude lower [3] [4].

The effectiveness of an explosive depends on two factors; the total chemical energy available and the rate at which that energy is released [4]. Several methods are available to measure this effectiveness, and they consider different explosive parameters. These include [4]:

· Velocity of detonation
· Heat of explosion
· Heat of detonation
· Power index
· Peak pressure

Blast parameters can be measured experimentally, through computational simulations or by comparison of existing data. Each parameter allows comparison of one explosive to another and forms the basis for determining TNT equivalence. 

[bookmark: _Ref225880263][bookmark: _Ref225880265][bookmark: _Ref225880291][bookmark: _Toc228788342]TNT equivalence
The chemical composition of an explosive influences both the total energy released and the manner in which it is released during detonation [14]. As a result, different explosive materials can produce considerably different blast effects.. Variations among explosives make direct comparisons difficult, making it is useful to compare the performance of explosives against a standard reference material, typically TNT. TNT equivalence expresses how much TNT would be required to produce the same effect as a given mass of an alternative explosive [15] [16]. TNT equivalence is therefore expressed as a dimensionless ratio of a chosen blast parameter. For any parameter X, such as peak overpressure or heat of detonation, this relationship is shown in Equation 1:

[bookmark: _Ref227787405][bookmark: _Toc228788325]Equation 1 TNT equivalence
EqTNT = TNT equivalence
XExp = Blast parameter of alternative explosive
XTNT = Blast parameter of TNT
Once the equivalence factor is known, the TNT equivalent mass can be obtained using Equation 2:

[bookmark: _Ref228725875][bookmark: _Toc228788326]Equation 2 TNT equivalent mass
Where:
WExp = Mass of alternative explosive [kg]
WTNTeq = Equivalent mass of TNT [kg]
A range of experimental methods for determining the TNT equivalence have been developed for assessing each parameter relative to TNT, however, they often only consider one aspect of the detonation such as overpressure, impulse or brisance. Examples are given in Table 1 below.Table 1 Experimental methods to calculate TNT equivalence

[image: ]
· [17].
· [18].
· [19]
· [20].
· [20].


Where experimental trials are not practical or additional data is required, numerical modelling using computational fluid dynamics or finite element analysis (FEA) can be used. Mathematical comparison of existing data also provides an alternative means of calculating TNT equivalence. Several of these methods are shown in Table 2 below.
[image: ][bookmark: _Ref226821301][bookmark: _Toc228788310]Table 2 Empirical methods to calculate TNT equivalence

· [21].
· [21].
· [22].

Understanding the origin of the data for any method is essential so that the equivalence value can be applied in an appropriate context. 

Trials conducted for this report utilise the air blast test to measure incident peak overpressure and impulse, computer simulations using Viper::Blast (hereinafter referred to as Viper) and briefly examines the heat of detonation.  

As shown in Table 1 and Table 2, each parameter used to define TNT equivalence reflects a different aspect of explosive behaviour. As these parameters emphasise different physical effects, they often produce differing equivalence values, which can appear to be inconsistent. For this reason, the selected blast parameter for TNT equivalence should correspond to the application for which the explosive is required [10] [23]. Given the variability between methods, any reported TNT equivalence factor must clearly state the basis on which it was determined; without this context, performance comparisons, modelling assumptions and safety assessments may be misinterpreted. 

TNT equivalence values for many energetic materials have been reported extensively in literature, derived from experimental data, data-based comparisons and numerical modelling [16] [20] [24] [25] [26]. However, due to the numerous determination methods and inherent experimental variability there is often significant variation between reported values, with sources often lacking the methodology. For example, Remennikov et al [27] report a TNT equivalence of 1.12 for Composition B, whereas Sprangers et al [28] use a value of 1.34. The absence of methodology-based detail limits the usefulness of these values. 

Figure 2 illustrates the reported variability using TNT equivalence values for TATB, HMX and RDX. The graph, compiled by Cheeseman [29] and reproduced by Locking [30] presents data taken from multiple sources and methodologies. The figure highlights the wide spread of reported values: RDX ranges from 1 to 1.8, HMX from 1.1 to 1.8 and TATB from 0.8 to 1.2. 

A paper by Jeremić [31] looks at four methods of determining TNT equivalence and notes for nitromethane, there is 24.76% average deviation across the methods. The variation is not necessarily an indication of inaccuracy. Instead, it demonstrates that equivalence values are method dependent and therefore must be accompanied by the basis of determination. 

[image: ]
[bookmark: _Ref225887007][bookmark: _Toc228788275]Figure 2 TNT equivalence values from multiple sources [30]
Further variation can be observed even when the same test is used to determine equivalence values. Incident peak overpressure and impulse can both be measured using the air blast test. Yet a study by Locking [32] showed the TNT equivalences for RDX derived from pressure and impulse did not reliably correlate. The graphs in Figure 3, taken from the same study by Locking, show pressure-based TNT equivalence values of up to 6, whereas the highest value derived from impulse was 1.8. The data in the graphs indicate sensitivity to both the selected parameter and the charge geometry, with similar masses of RDX in a drum and box producing different equivalence values. The effect of charge shape is discussed further in chapter 5.4. Given the nitromethane trials focus on peak overpressure and incident impulse, some variation between these parameters is therefore expected.
[image: ]
[bookmark: _Ref225507111][bookmark: _Toc228788276]Figure 3 RDX TNT equivalence based on pressure and impulse [32]
Locking [30] also notes that performance predictions can contain significant uncertainty, with typical variability of 20-30% and, in some cases, as much as 50%. Cooper [16] similarly highlights that experimental determination of TNT equivalence is inherently prone to error. 

A paper by Merrifield and Roberts [33] notes that TNT equivalence may be determined using several approaches, including experimental measurement, estimation from energetic material properties or calculation based on heats of formation. They further acknowledge that estimated values are often higher than measured values, a trend that is consistent with other literature such as Locking [32] and Fuchs [17]. However, although Merrifield and Roberts discuss alternative methods for calculating TNT equivalence, they do not provide a methodology to the subsequent TNT equivalence values presented in paper. For example, they provide a TNT equivalence value for nitromethane of 134%, which when compared to trials conducted at DNV Spadeadam, appears to be significantly higher than expected [33]. Perhaps the value was derived from an estimate of performance based on existing data, which may partially explain the higher equivalence, however, without a methodology it is difficult to compare this figure meaningfully.

The wide range of methods used to derive TNT equivalence, combined with the variation in published values means that data are not often directly comparable, making it difficult to establish reliable references for engineering or experimental use. This has clear implications for safety management where blast effects may be under- or overestimated [30]. While over-estimates are less critical from a safety perspective, they can have financial implications and increase project complexity. Such variability can undermine confidence in comparisons between energetic materials and complicates the validation of new energetic material in this context. It also makes selecting an appropriate explosive and charge size more challenging for a particular task. As Witty [34] notes, a selected charge size could be twice as large or half as small as required, with implications for under- or over testing a structure, potentially invaliding test data leading to financial and practical consequences. 

In addition to the above, early work in this field relied upon several assumptions. For example, it was assumed that the charges were bare, spherical or hemispherical and initiated centrally. In practice, this is often not be the case and TNT equivalence will also be affected by the level of confinement, point and method of initiation, type of explosive and scaled distance [14].

[bookmark: _Toc228788343]Charge geometry
Charge geometry is particularly relevant for these trials. Historical data often assumes the charge to be spherical or hemispherical, with these shapes being associated with relatively symmetrical shockwaves and simplified blast behaviour predictions [34]. Alternative shapes, such as hexahedral charges, deviate significantly from the idealised assumptions and may influence the detonation propagation, affecting factors such as [34]:
· Peak pressure
· Impulse
· Time of arrival
· Shock wave velocity
· Shock wave shape and direction 

The presence of flat faces and corners lead to an asymmetrical shock wave development with pressure distributions being heavily dependent on the aspect ratio of the shape [35]. Additionally, the height of the charge will have a significant effect on the propagation of the shockwave. When selecting the height of the charge for a trial, consideration must be given the risk of secondary fragmentation and to the potential formation of a Mach stem. This occurs when an incident shock wave generated by a blast is close enough to interact with the ground and cause reflected waves. The two waves then interact and generate a third wave known as the Mach stem [36]. The point at which all three merge is known as the triple point [34]. The combined waves can lead to increased overpressures, which could potentially result in an incorrect TNT equivalence calculation if the explosion is not compared to a comparable TNT explosion, but can also be utilised to provide additional overpressure rather than increasing the size of the charge.

Given the range of issues discussed throughout this chapter, there is a clear requirement for transparent reporting of the experimental conditions, determination methodology and the data used to determine TNT equivalence values. Without this detail, meaningful comparisons become increasingly difficult.

[bookmark: _Toc228788344]An estimation of the TNT equivalence of nitromethane
One method for estimating the TNT equivalence for unconfined charges uses a ratio of the heats of detonation. This method is recommended in the Unified Facilities Criteria (UFC) manual - 3-340-02 - Structures to Resist the Effects of Accidental Explosion [37]. Heat of detonation represents the total chemical energy released during the initial reaction and is therefore related to overall blast energy. Since peak pressure is related to the energy released in the detonation, it makes sense that TNT equivalence with respect to peak pressure can be estimated by comparing an explosive’s detonation energy to that of TNT [24]. However, this method does not account for the effects of secondary combustion, the volume of gas produced, or the expansion of the gases [30] and therefore may not provide a suitable equivalence. Hence, understanding the basis for which the equivalence was determined means an informed decision can be made on its applicability. Using Equation 1 and substituting the heat of detonation values for nitromethane and TNT gives:
Heat of detonation of nitromethane (QExp) = 5150 kJ∙kg-1 [38] 
Heat of detonation for TNT (QTNT) = 4521 kJ∙kg-1 [38]



This produces a TNT equivalence of 1.14, which is similar to the equivalence used at DNV Spadeadam for large nitromethane charges. Dividing the TNT charge by 1.14 provides the equivalent mass of the alternative - nitromethane.

[bookmark: _Toc228788345]Nitromethane
Nitromethane is a colourless, oily organic chemical widely used as a high-performance propellant in rocket motors and as a fuel in drag racing engines [39]. Additionally, it is used as a solvent and a chemical intermediate in various industrial processes [40]. More recently nitromethane has been regarded as a green propellant as it is less toxic than other propellants such as hydrazine [41]. It has a melting point of -29 °C and a boiling point of 101 °C, and it does not readily evaporate [38]. Given its high boiling point and low vapour pressure, it is relatively easy to store under normal conditions. At 20 °C it has a density of 1137 kg∙m-3 and a published velocity of detonation of 6300 m∙s-1 [38] [42]. 

For storage and transport, nitromethane is classified as a flammable liquid under ambient conditions and is relatively insensitive to weak mechanical shock [39]. However, when provided with a suitably strong shock, is sufficiently confined or when chemically sensitised, nitromethane can undergo detonation [43]. For this reason, it is also regarded as a liquid explosive, but importantly this does not affect its hazardous goods classification [44] [45]. Conversely, it can also be stabilised with additives, reducing its sensitivity and making it safer to handle and store [39]. Structurally, nitromethane is a methane molecule where one hydrogen atom has been replaced with a nitro group [46]. The chemical formula for nitromethane, CH3NO2, and its molecular structure, which can be seen in Figure 4, show that the molecule contains its own oxygen source, allowing it to detonate without relying on atmospheric oxygen.
[image: ]
[bookmark: _Ref223375820][bookmark: _Toc228788277]Figure 4 Molecular structure of nitromethane [39]

Prior to being characterised, there were several accidental explosions involving nitromethane. In 1958, a series of accidents during transport of the chemical resulted in an embargo on all tank-car shipments of nitromethane [47]. The report by the Interstate Commerce Commission [47] discusses tests conducted that same year by the United States Bureau of Explosives, in which researchers were unable to detonate nitromethane through impact alone. Similarly, in 2012, Shekhar [48] argued that pure nitromethane will not detonate even if subject to a strong shock and it requires sensitisation with additives such as the addition of ammonia for detonation to easily occur. This is consistent with the Interstate Commerce Commission report’s observation that nitromethane does become significantly more sensitive to detonation when contaminated but is not consistent with how nitromethane is currently used in trials at DNV Spadeadam, nor with numerous published studies. Research by Zhang et al [49], Guo et al [50] and Liu et al [51] all document the detonation behaviour of pure nitromethane and its use as an explosive. Modern material safety data sheets such as from Cole-Parmer [52] warn that nitromethane is shock and heat sensitive, and it can undergo sympathetic detonation. Hershkowitz and Dobratz [53] compiled extensive research from a nitromethane research programme, with a substantial number of papers discussing its detonation as early as the 1950s. In considering all the points above, the evidence strongly indicates that nitromethane can detonate, noting Shekhar’s claim lacked any evidence.

[bookmark: _Toc228788346]Impact of weather and altitude
At Spadeadam, for commercial testing or testing to a standard, it is a requirement to record weather conditions and the altitude during the trial. For some trials it is also important to consider the effect of the weather upon the target. Temperature may alter the response of a target for example. Higher altitudes can also have an impact on the propagation of the shockwave. Changes in atmospheric conditions such as reduced ambient pressure results in lower peak pressures and impulses [54] [55]. UFC 3-340-02 [37] and Swisdak [56] discuss adjustments for high altitudes. Spadeadam at 285 m, is not expected to significantly affect the data so no adjustments will be made. However, weather and pressure data are noted for each day of testing.



[bookmark: _Toc228788347]Methodology
A series of full-scale live trials was conducted to collect pressure data which would allow the determination of the TNT equivalence of nitromethane. The charge mass was based upon previous studies at DNV Spadeadam where a TNT equivalence value of 1.09 for nitromethane had been successfully used in live trials. This resulted in a 92 kg charge size, equivalent to a 100 kg TNT charge. As 15 kg was the charge size of interest for these trials, this weight of nitromethane was divided by the 1.09, to give 13.8 kg as an initial charge size for the trials.

The number of trials required to generate sufficient data was dictated by time and cost constraints rather than the requirements of statistical significance. Four nitromethane trials were performed, each instrumented with six pressure gauges. Two gauges were positioned at each distance to provide repeat measurements and redundancy in the event of equipment failure. The number of gauges used in the trials was based upon the number available at the time of testing. 

The choice of container was determined by existing suitable options at DNV Spadeadam. Nitromethane is stable in high density polyethylene plastic jerry cans for short-term storage, and it was cost effective to use an existing supply of containers [57]. The height of the charge was set to limit the risk of secondary fragmentation whilst also ensuring good manual handling procedures could be followed.

A 0.5 kg TNT charge was also conducted, in the same trial setup as above, with the data intended to validate the methodology.

All physical and environmental hazards associated with the trials were assessed in a risk assessment and a control of substances hazardous to health assessment (COSHH), with appropriate mitigation provided where necessary to ensure the safety of personnel and to minimise the environmental impact. These can be found in Appendix 3. A trials plan was completed detailing required personnel, equipment, procedures, safety documentation, arena layout, timescales, and data to be collected. A log sheet was completed for each trial with an example provided in Appendix 4. Prior to clearing the arena for each blast, a second person check was conducted to ensure the correct setup and that equipment was running.

[bookmark: _Toc228788348]Trial Setup
Table 3 summarises the series of explosive trials conducted for this project. A charge mass of 13.8 kg was used for all nitromethane trials, each initiated by a different booster up to a maximum weight of 100 g. The TNT trial used a 0.5 kg block of TNT, known as a TM 500. Serial numbers for each gauge are shown Table 15 and Table 16 in Appendix 4.

[bookmark: _Ref226574603][bookmark: _Ref227007238][bookmark: _Toc228788311]Table 3 Trial set-up
[image: ]

The centre of the charge was elevated to a height of 1.2 m above the concrete test pad. This was done using a 2 × 2 × 0.075 m steel charge plate with a polystyrene block and a cardboard box contributing the remaining required height to ensure the centre of the charge is at 1.2 m above the ground. The charge plate reduced the risk of secondary fragmentation from the concrete. This setup is shown in Figure 5. Nitromethane was placed in trimmed 25 L high-density polyethylene jerry cans, shown in Figure 6. The original dimensions were 294 × 245 × 470 mm (width x depth x height) with a new height of 340 mm when trimmed. For trials 1, 3, and 4 the detonator was placed directly in the Semtex 10SE booster which was suspended in the centre of the nitromethane via a wooden support across the top of the jerry can, labelled in Figure 6. The detonator was connected to shock tube, which was initiated by a shock tube initiator firing system. The setup for trial 2 with Semtex 10 was slightly different with detonation cord being used to attach the detonator to the Semtex booster. It was again initiated by a shock tube initiator firing system. 

Due to cost constraints, these trials served a dual purpose with a colleague also collecting data for a second set of trials. It is for this reason that a different initiation setup was used for each nitromethane trial, and the booster configuration was predetermined. It is acknowledged it would be better practice to perform all trials using the same setup.

[image: ]
[bookmark: _Ref224822248][bookmark: _Toc228788278]Figure 5 Explosive charge setup

[image: ]
[bookmark: _Ref224820819][bookmark: _Toc228788279]Figure 6 Container used for the nitromethane with detonator support
Six pencil gauges manufactured by PCB Piezotronics (model 137B24A [58]) were mounted on individual tripods. Two were placed at each standoff distance of 6 m, 10 m and 15 m from the centre of the charge. The pressure gauge setup is shown in Figure 7. The gauges were deliberately offset from the gauge(s) in front to ensure the shockwave could pass cleanly over each sensor. Each gauge was aligned with the centre of the charge, shown in Figure 8. Gauges were connected to a PCB 003-EB-003-AB cable, which fed into a RG58 C/U coaxial cable followed by a PCB 482C15 signal conditioner. Data acquisition was performed at 1 MHz using a HBM GN815 card in a GEN7tA chassis, positioned next to PCB 482C15 signal conditioner. Where required, all equipment had a traceable calibration certificate. Trial setup was largely based on the peer reviewed methodology in the paper by Chester et al [59] which is standard setup at Spadeadam and therefore ideal to use for these trials.

[image: ]
[bookmark: _Ref224822917][bookmark: _Toc228788280]Figure 7 Gauge positions - showing no alignment with other gauges
[image: ]
[bookmark: _Ref227746960][bookmark: _Toc228788281]Figure 8 Gauge and charge alignment

The first trial knocked over the gauges at 6 m, and it was decided to weigh these down to prevent this from happening in the remaining trials, shown in Figure 9.

[image: ]
[bookmark: _Ref224827233][bookmark: _Toc228788282]Figure 9 Final configuration of the gauges
One high-speed camera, located in a turret, operated with a frame rate of 5000 frames per second (fps). Four action cameras attached to concrete blocks were positioned around the charge. The cameras are shown in Figure 10 and Figure 11.

[image: ]
[bookmark: _Ref224828040][bookmark: _Toc228788283]Figure 10 High-speed camera in a turret

[image: ]
[bookmark: _Ref224828042][bookmark: _Toc228788284]Figure 11 Action camera setup
A schematic of the trial setup in Figure 12 shows the layout of the equipment. Gauge standoff was measured for each trial to ensure accurate positioning.
[image: ]
[bookmark: _Ref226979906][bookmark: _Toc228788285]Figure 12 Schematic of the trial setup
[bookmark: _Ref226982819]
Weather data collection during the trials is shown in Table 4 and Table 5 for reference.
[bookmark: _Ref228725571][bookmark: _Toc228788312]Table 4 Weather data during nitromethane trials
[bookmark: _Ref226982823][image: ]
[bookmark: _Ref228725572][bookmark: _Toc228788313]Table 5 Weather data during TNT trial
[image: ]
Trial success was determined by the quality of the recorded data. Pressure gauges were required to produce clean traces with a high signal to noise ratio and clearly defined shockwaves. Camera footage had to be correctly exposed and capture the full event. The high-speed recordings needed to capture the initiation and early blast development, ideally showing the shockwave.

Post trial analysis was conducted using Dplot graphing software, Viper computational blast simulation software and Conventional Weapons Effects Program (ConWep).
[bookmark: _Toc228788349]Results
[bookmark: _Toc228788350]Effect of booster
Calculations were performed to estimate the contribution of the booster to the trial data.
The maximum booster used was 100 g, and given each subsequent booster was smaller than this (50 g – 10 g), it was decided to calculate the “worst case effect” for these trials. If the effect is insignificant, calculating the effect of the smaller boosters would be redundant.

The effect of the booster can be found by considering the proportion of the overall velocity contributed by each component. This is calculated below using Equation 3.


[bookmark: _Ref225167759][bookmark: _Toc228788327]Equation 3 Velocity of detonation mix [9]
Where:
Dmix = Detonation velocity of the mixture [m∙s-1]
Di = Detonation velocity at theoretical maximum density [m∙s-1]
Vi = Volume fraction of the component 

Therefore:


D1 = Detonation velocity of nitromethane = 6523 m∙s-1
V1 = Proportion of total mass from nitromethane = 0.993
D2 = Detonation velocity of Semtex = 7220 m∙s-1
V2 = Proportion of total mass from booster = 0.007



m∙s-1

When compared to the velocity of detonation for nitromethane alone (6523 m∙s-1) it shows the contribution of the booster does not significantly change the velocity of detonation of the mixture and is therefore unlikely to substantially affect the overpressure or impulse and consequently the TNT equivalence. Therefore, it was decided to add 100 g to the overall mass of the charge so that any contribution, however small, is not disregarded, reducing the risk of underestimating the TNT equivalence, which may have safety implications in some situations. Therefore, the charge size is subsequently referred to as 13.9 kg.

[bookmark: _Toc228788351]Trial data
Table 6 to Table 8 show the peak overpressure and the incident impulse data collected in all four trials for 13.9 kg of nitromethane, with the calculated mean and standard deviation for both parameters. Sections 4.2.1-4.2.4 below show the peak overpressure and impulse data on separate graphs for each individual test. No data was recorded by gauge one in trials 2-4; hence the associated graphs show limited data at 6 m standoff.

[bookmark: _Ref224291275][bookmark: _Toc228788314]Table 6 Pressure and impulse data - 6 m standoff
[bookmark: _Ref224291277][image: ]

[bookmark: _Ref227051810][bookmark: _Toc228788315]Table 7 Pressure and impulse data - 10 m standoff
[image: ]
[bookmark: _Ref224291279][bookmark: _Toc228788316]Table 8 Pressure and impulse data - 15 m standoff
[image: ]

The maximum standard deviation of the measurements at all standoff distances is 9 kPa for peak overpressure and 9 kPa∙ms for impulse, indicating consistent and repeatable results.
[bookmark: _Ref224291434][bookmark: _Toc228788352]Trial one
Trial one used 13.8 kg of nitromethane with a 100 g Semtex 10SE booster. Incident overpressure and impulse are shown in Figure 13 and Figure 14 respectively. 
[image: ]
[bookmark: _Ref224828568][bookmark: _Toc228788286]Figure 13 Overpressure for trial one
[image: ]
[bookmark: _Ref224828600][bookmark: _Toc228788287]Figure 14 Impulse for trial one


[bookmark: _Toc228788353]Trial two
Trial two used 13.8 kg of nitromethane with a 50 g Semtex 10 booster. Incident overpressure and impulse are shown in Figure 15 and Figure 16 respectively. 
[image: ]
[bookmark: _Ref226550993][bookmark: _Toc228788288]Figure 15 Overpressure for trial two
[image: ]
[bookmark: _Ref226551006][bookmark: _Toc228788289]Figure 16 Impulse for trial two
[bookmark: _Toc228788354]Trial three
Trial three used 13.8 kg of nitromethane with a 50 g Semtex 10 booster. Incident overpressure and impulse are shown in Figure 17 and Figure 18 respectively.
[bookmark: _Ref226578452][image: ] 
[bookmark: _Ref227001433][bookmark: _Toc228788290]Figure 17 Overpressure for trial three
[image: ]
[bookmark: _Ref226578466][bookmark: _Toc228788291]Figure 18 Impulse for trial three
[bookmark: _Ref227001766][bookmark: _Toc228788355]Trial four
Trial four used 13.8 kg of nitromethane with a 10 g Semtex 10 booster. Incident overpressure and impulse are shown in Figure 19 and Figure 20 respectively. 
[image: ]
[bookmark: _Ref226578511][bookmark: _Toc228788292]Figure 19 Overpressure for trial four

[image: ]
[bookmark: _Ref227092503][bookmark: _Toc228788293]Figure 20 Impulse for trial four
[bookmark: _Ref226637322][bookmark: _Toc228788356]Simulation data
Overpressure data from the cylindrical 13.9 kg TNT simulation is shown in Figure 21, Figure 22 shows the incident impulse.
[image: ]
[bookmark: _Ref226627144][bookmark: _Toc228788294]Figure 21 Overpressure for the TNT cylinder simulation

[image: ]
[bookmark: _Ref226627146][bookmark: _Toc228788295]Figure 22 Impulse for the TNT cylinder simulation

[bookmark: _Ref224820359]Initial comparisons of trial data with ConWep indicated this method for TNT equivalence determination was not suitable. CFD modelling was utilised instead, and the data is presented in Table 9. It shows the nitromethane trial data and the simulation data from a 2D 13.9 kg cylindrical charge of TNT.  

[bookmark: _Ref226627188][bookmark: _Toc228788317]Table 9 Trial peak overpressure and impulse comparison with Viper TNT data
[image: ]

[bookmark: _Ref225338831][bookmark: _Ref225338923][bookmark: _Ref225338932][bookmark: _Toc228788357]Calculation of TNT equivalence
TNT equivalency values were calculated at three standoff distances for both peak overpressure and incident impulse for 13.9 kg of nitromethane which includes any effect from the booster. To calculate the TNT equivalence for peak overpressure, Equation 1 was used, substituting for peak overpressure. Using the data from the 6 m gauges, a TNT equivalence of 1.10 is obtained:



The same process was followed for the remaining peak overpressure and impulse data. The calculated TNT equivalence values are shown in Table 10. Peak overpressure-based TNT equivalence values are consistent for each standoff distance with values of 1.10 and 1.11. Impulse based values ranged from 1.10 to 1.15. Mean values are provided for each parameter.
[bookmark: _Ref224204117][bookmark: _Toc228788318]Table 10 Calculated TNT equivalence values based on 13.9 kg 
[bookmark: _Ref225886919][image: ]
[bookmark: _Toc228788358]Discussion
Interpretation of the trial results required consideration of several factors, including the charge geometry and the limited availability of relevant TNT blast data, to ensure meaningful comparisons could be made.

[bookmark: _Toc228788359]Data quality
The nitromethane trials produced usable and consistent data at all standoff distances. Peak overpressures were recorded at each gauge location, and the corresponding incident impulses were calculated. Although gauge one failed after the first trial, resulting in limited data at 6 m, the peak overpressures obtained at this distance were consistent across the remaining trials, indicating the measurements are reliable. The height of the 6 m gauges was reduced to 0.5 m; therefore, a simulation was performed to understand if this impacted the data. An overpressure of 224 kPa and an impulse of 269 kPa∙ms-1 was obtained, closely matching the results from the nitromethane simulation with gauges at 1.2 m, confirming the change in height did not affect the data.

[bookmark: _Ref226638523][bookmark: _Toc228788360]TNT equivalence of nitromethane
TNT equivalence values for the trials were calculated by comparing the measured peak overpressure and incident impulse data at 6 m, 10 m and 15 m with the corresponding blast parameters from a representative cylindrical 13.9 kg TNT simulation in Viper. A TNT equivalence was obtained at each distance for both parameters and the mean values were calculated to provide overall equivalencies. The results are presented in Table 10. Both values are close to the current value used at Spadeadam (1.09). Using the calculated TNT equivalences, the mass of nitromethane required to represent a nominal 15 kg TNT equivalent blast would be 13.6 kg based on peak overpressure and 13.3 kg based on impulse. Conversely, the 13.9 kg charges used in the trials correspond to 15.3 kg TNT equivalent charge mass based on peak pressure and 15.7 kg TNT equivalent charge mass based on impulse. The variation between peak overpressure and impulse is consistent with the literature, with Locking [30] and Witty [34] both suggesting there is merit in considering each parameter and value separately when designing a trial. Witty goes on to discuss that taken in isolation an equivalence factor could perform as required for one parameter but under- or over-perform for the other.

[bookmark: _Toc228788361]Comparison with ConWep
The method for calculating the TNT equivalence was iterative during analysis of the results. It became clear early on that ConWep was not suitable for comparing the nitromethane trial data to. ConWep uses the Kingery and Bulmash equations which are based on ideal explosions and therefore ideal blast curves [60] [61]. The equations also assume the charge is either spherical or hemispherical, the charge is bare, and that the energy released in a similar manner to TNT. This rarely fits with real-world explosions [62]. The trials conducted for this study were far from ideal; the charges were hexahedral, they cannot be considered a free air burst or a surface burst, the point of initiation might have varied, and nitromethane does not detonate as an ideal explosive so will have a different blast profile [61]. It was therefore expected that trial data would vary from ConWep data but perhaps this needed further consideration prior to the trials as the degree of variation was not expected.  

[bookmark: _Toc228788362]Pressure vs Impulse for TNT equivalence
It is generally expected that pressure-based TNT equivalence will vary more than impulse based TNT equivalence [20]. Pressure gauges are sensitive equipment and readily record reflections and noise in a test arena. This can produce noisy data which may affect peak pressure values. Impulse is time-integrated and it is therefore less sensitive to fluctuations, environmental noise or variation between trials, with the resulting curve reflecting the total positive-phase energy delivered over time [20]. This variation was not seen in these trials with impulse showing a greater variation than overpressure, although it is only minimal variation. The variation may simply reflect normal experimental uncertainty, but to fully ascertain the reason for this variation, additional trials would be required.

There are many variables associated with this trial, such as the geometry of the set-up, the height of burst, surface reflections, gauge measurements, the loading density of a user-filled booster. As such, one would expect to see some variation between trials and careful analysis of the results is required to ensure the appropriate comparisons are being made. Where possible, these areas have been discussed below, but other areas such as the loading density of the booster is beyond the scope of this project. However, understanding what factors might affect the results will help lead to robust conclusions.

[bookmark: _Ref227164006][bookmark: _Toc228788363]Effect of charge geometry
It is strongly suspected the hexahedral shape of the nitromethane container resulted in increased peak overpressure and impulse values, indicated by the large variation when compared to ConWep. The effect of charge geometry has been widely studied in literature [63] [64]. Zhao et al [65] comments that the energy distribution of an explosive cylinder is directly linked to its aspect ratio. They also note the shockwave expands from both the ends and the sides of the cylinder with an asymmetrical shockwave, rather than a symmetrical shock wave seen with a sphere. Sherkar et al [66] concludes that in near to mid field regimes the shape of the charge significantly affects overpressure distribution which is in agreement with Mejia et al [67], who also note that the explosive energy release tends to be focused along the radial direction with an increasing aspect ratio. Sherkar et al [66], also showed an increase in incident peak overpressure and impulse values in cylindrical charges compared to spherical charges. Draganic et al [68] studied the effect of charge shape on pressure and impulse, comparing data for spherical, cylindrical and rectangular charges. They noted the rectangular charge produced the highest incident overpressure, with the cylindrical and spherical charges producing similar results. This is consistent with data collected in these trials when compared with ConWep. A 36% difference was seen between trial peak overpressure data and ConWep data (hemispherical surface burst) at 6 m, and 18% at 15 m. The difference was less pronounced when comparing impulse with the highest value being 15.3%. The effect of charge geometry has a greater impact on peak pressure at closer in gauges with the asymmetrical shockwave becoming increasingly spherical further from the charge, reducing the effect on far-field measurements, as seen in Figure 23 [69]. This effect is also seen in the data for this trial, shown by the reduction in percentage different at the 15 m gauge.
[image: ]
[bookmark: _Ref228724524][bookmark: _Toc228788296]Figure 23 Blast wave development from a cylindrical charge [70] 

Collett et al [71] investigated the influence of hexahedral charges on cratering shape, also using jerry cans. They found the hexahedral containers resulted in an elliptical crater rather than a spherical one. Bjelovuk et al [72] noted similar cratering shapes with elongated charges. Hryciow et al [69] commented that elongated charges produce asymmetrical pressure waves closer to the charge, with this effect becoming less noticeable further from the charge. Given the shape of the craters and the asymmetry in the pressure field noted in the above papers, there appears to be an uneven distribution of energy in the shockwave from hexahedral and cylindrical charges. For hexahedral charges, the larger faces of the container appear to generate a higher pressure compared with the smaller faces, which agrees with early research by Plooster [73]. Cylindrical charges have been shown to generate pressure differences dependent on the aspect ratio charge shape [74]. This pressure difference may help to explain the increased peak pressure seen in both the nitromethane and TNT trials, where the pressure gauges were orientated towards the larger face of the charge. The non-spherical blast from the trials can be seen in Figure 24. Figure 25 shows the formation of a cruciform fireball immediately after initiation, indicating areas of higher pressure. 
[image: ]
[bookmark: _Ref225253440][bookmark: _Toc228788297]Figure 24 Initial blast shape
[image: ]
[bookmark: _Ref225254804][bookmark: _Toc228788298]Figure 25 Formation of a cruciform fireball
[bookmark: _Toc228788364]TNT trial
A TNT trial was conducted with the intention of using the data to validate the methodology. However, the data collected from this trial was not usable with pressure and impulse values being up to 50% higher than expected. Initial consideration was given to trial setup and gauge placement, mainly were they at the stated distances. To determine this, the time of arrival from the trial was compared to that provided by ConWep, which indicates the gauges were placed correctly. The data for this is presented in Appendix 1.

The charge was hexahedral, and similarly to the jerry can this affected the data. An attempt was made to simulate this trial in Viper but due to the small charge in a large domain this was not possible [75]. Due to this and the potentially unreliable trial data it was decided this was not a suitable method for validation. The method discussed in 5.6.1 was used instead. Repeating this trial would have eliminated experimental error having produced erroneous results. Unfortunately, this was not possible.

[bookmark: _Toc228788365]Computer simulations 
By using CFD simulations, it was possible to validate the trial methodology, generate usable TNT blast data to allow determination of a TNT equivalence and show the formation of a Mach stem. These are discussed below.

[bookmark: _Ref227838366][bookmark: _Toc228788366]Method validation
Method validation was done by simulating a 13.9 kg cylindrical nitromethane blast in Viper. An attempt was made to run the model as a 3D simulation using the cuboid dimensions of the jerry can within a domain of 18 m. Unfortunately, due to limited processing capability, this was not possible in sufficient detail to provide reliable results. Therefore, a 2D simulation of a cylinder with an aspect ratio of 0.71 was performed, which is representative of the jerry cans used in the trials. A domain size study was conducted to ensure the full positive phase of the explosion was captured prior to any refractions from the domain walls interfering with the data. The mesh size was reduced to as small as possible (5 mm), to ensure there were sufficient cells to fully represent the charge as per the recommendations by Forth [75]. Gauge and charge height were both set to 1.2 m, within a domain size of 18 m x 18 m. All simulation values were within 15% of the trial data, providing confidence in the quality of the trials and demonstrating the methodology is robust.  This is shown in Appendix 2.
[bookmark: _Toc228788367]13.9 kg TNT simulation
Initial comparisons of the trial data with ConWep produced a TNT equivalence that was significantly higher than expected when compared with previous 100 kg trials at Spadeadam. While the charge shape was suspected to have caused some variation, the difference prompted further analysis to understand if this was a realistic TNT equivalence. A 13.9 kg cylinder of TNT was simulated using the same model as above. This data is presented in Table 9 with the pressure-time and impulse-time curves shown in Figure 21 and Figure 22.

[bookmark: _Toc228788368]Mach stem modelling
The simulations showed the formation of the Mach stem which started to develop almost immediately after detonation, shown in Figure 26. Figure 27 shows that by 5 m the Mach stem is fully formed and at an approximate height of 1.2 m - the height of the gauges, therefore it will increase the peak overpressure. Using Equation 4, it is also possible to mathematically determine if a Mach stem is likely to develop based on the height of the burst.


[bookmark: _Ref226718070][bookmark: _Toc228788328]Equation 4 Mach stem formation [37]
If this value is <10 then a Mach stem will form. 
If this value is > 10 than a Mach stem will not form.

Scaled height of burst – m∙kg -1/3
Height of burst – 1.2 m 
Charge mass – 13.9 kg 
Therefore:


A Mach stem would form from this a charge height of 1.2 m, meaning the trials are technically an air burst. However, so long as a comparison to a suitable TNT blast is made i.e. the simulation above, then the Mach stem formation has already been addressed.
[image: ]
[bookmark: _Ref224819197][bookmark: _Toc228788299]Figure 26 Mach stem formation shortly after detonation

[image: ]
[bookmark: _Ref226579134][bookmark: _Toc228788300][bookmark: _Ref224819301]Figure 27 Mach stem at 5 m

Stills from the high-speed footage, shown in Figure 28, revealed interaction between the shockwave, the fireball and the ground and was also shown in the simulation in Figure 26. This is evident from the flattened surface in the fireball. It was expected this interaction might have increased the measured overpressure, however, confirming this would require repeat trials with an increased charge height for comparison. 
[image: ]
[bookmark: _Ref225253774][bookmark: _Toc228788301]Figure 28 Fireball and reflection of energy

[bookmark: _Toc228788369]Comparison of results with literature
As noted earlier, Merryfield and Roberts [33] quote nitromethane as having a TNT equivalence of 1.34, which appeared to be high compared with previous DNV Spadeadam trials and it does not match the values determined in these trials. Interestingly, their value is close to the TNT equivalence obtained when the nitromethane trial data was originally compared to ConWep. Unfortunately, without knowing their methodology, it is impossible to draw any conclusions on the different values. ConWep contains nitromethane in its database and provides a TNT equivalence of 1.0. It has not been possible to establish how this value was determined but again it does not agree with the values from this study. A nitromethane trial using a spherical air burst or hemispherical surface burst would allow a more accurate comparison to ConWep providing a better understanding of its accuracy.

[bookmark: _Toc228788370]Project constraints and limitations
The results of this project must be considered alongside several limitations arising from practical trials constraints. As these trials also supported a concurrent study, different initiation methods were used, introducing slight variations in booster setup for each trial and a potential for variation in booster loading density. Ideally, additional trials would have been conducted using each initiation method to confirm this had no measurable effect on the results. 

All trials were conducted with fixed charge geometry and with a fixed level of confinement. This means the measured blast parameters only represent the behaviour of nitromethane under one defined configuration and may not fully capture the variability associated with differing geometries and confinement. 

Despite these limitations, the trials produced consistent data and showed good agreement with the simulations, giving confidence in the results. The analysis provided a clear understanding of the TNT equivalence of nitromethane for the configuration tested and highlighted key factors influencing the measurements. The methodology followed established best practice procedures used at DNV Spadeadam and reported in peer reviewed literature [59], giving confidence in the process. However, the inherent constraints of the trial may limit the wider application of the findings beyond the configuration tested.










[bookmark: _Toc228788371]Conclusions
The overall aim of determining the TNT equivalence of nitromethane for charge sizes up to 15 kg TNT equivalence was achieved. TNT equivalences were found to be:

· 1.10 for peak overpressure
· 1.13 for incident impulse

To accomplish this, a series of blast trials were successfully completed, where overpressure and incident impulse were determined. It was found that due to the charge geometry, the trial data could not be compared to ConWep, and instead, a representative TNT simulation was performed. This provided suitable reference data for determination of TNT equivalences. 

To validate the methodology a simulation representing the nitromethane trials was conducted. Data from the simulation was within 12% of the live trials giving confidence in the methodology and simulation accuracy. Whilst the TNT simulation didn’t fully achieve the aim of using a TNT blast to validate the methodology, the alternative approach was considered suitable. 

Despite the non-ideal nature of the detonation and the effect of charge geometry on the data, the derived TNT equivalence values are considered appropriate for the current trial setup at DNV Spadeadam. 

The aim of conducting a literature review was achieved. However, there is limited information on the use of nitromethane as an explosive. This subsequently affected the scope of the literature review, but it also provided an opportunity to contribute to an area of relatively new research. 

The TNT equivalence values align with expected results, based on previous large-scale trials at DNV Spadeadam and existing literature on the effects of charge geometry. Consequently, recommendations have been made below.

[bookmark: _Toc228788372]Recommendations and Future Work
Several straightforward modifications could be implemented if this work is continued to further improve the methodology and robustness of the results. 

Placing pressure gauges circularly around the charge, rather than predominately within a single plane, would provide a greater insight into the pressure distribution arising from different faces of the hexahedral charge container. Collecting data at additional standoff distances would help to determine if the TNT equivalence of nitromethane varies with distance. Trials involving a range of charge sizes would also aid in characterising the behaviour of nitromethane across different scaled distances.

To increase confidence in the results, it is recommended that further repeat trials are conducted, including the TNT trial to eliminate experimental error. Additional tests with each initiation method would indicate if the method of initiation influences the detonation behaviour of nitromethane.

The charge height used in these trials was based on current methodology at DNV Spadeadam. 
While testing in the intended configuration has its merits, it limits the application of the resulting data to other trials. Conducting additional trials with the charge configured as a free-air burst would allow the data to be applied more widely. Replacing the hexahedral container with a spherical shape would improve alignment with existing reference data, and this is recommended where appropriate for the trial. Following these trials, it has been decided to change the container to the type shown in Figure 29, without the lid. It is recommended to perform additional trials to confirm the TNT equivalence with the new trial setup.

[image: ]
[bookmark: _Ref225258831][bookmark: _Toc228788302]Figure 29 New container for nitromethane trials

For customer testing, it is recommended to confirm which blast parameter is of interest, as this choice affects the equivalence value. Where test standards require reflected measurements, it is recommended the proposed trial is simulated in advance to determine the required mass of nitromethane.



[bookmark: _Ref228182326][bookmark: _Ref228182346][bookmark: _Toc228788373]Reflection
Lessons learned during this project are outlined below.
Critical evaluation:
· Allocate sufficient time for reviewing data between trials. Time constraints prevented the high-speed footage being reviewed between trials. Therefore, it was not identified until afterwards that the shockwave was not visible in the footage. Whilst not essential this would have been used to determine the velocity of the shockwave. Reviewing the data would also have revealed that gauge one had stopped functioning, allowing it to be replaced.
· Liaise with the trial team early in the planning process. Clear communication of trial requirements reduces the likelihood of delays or misunderstandings. This includes visiting the arena ahead of the trial to conduct a planning session. This action proved valuable in the nitromethane trials, identifying infrastructure in the arena which may have caused reflections had they remained in place.
· Planning extra time into the course of the project meant conflicts for arena time did not affect the project progression.
· Data analysis was more complex than expected, and additional processing was required, however, this ultimately strengthened the report and was a key learning opportunity on managing an evolving project. 
· Additional research was undertaken after the influence of charge geometry became apparent. This required adapting the planned approach to the literature review, demonstrating the need for flexibility throughout the project.

Some issues were anticipated during the project planning stage, such as delays to testing, and mitigation proved effective. Other difficulties such as gauge one failing were not predicted and highlighted a need for further detail in the technical planning. These reflections highlight the importance of communication and ongoing review during a project and will inform improvements in conducting future work. They also demonstrate how project objectives can be achieved despite facing challenges. Gantt charts tracking project progress are shown in Appendix 5 and the ethics form outlining the scope of the research is shown in Appendix 6.
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[bookmark: _Ref227838238][bookmark: _Toc228788375]Appendix 1 – TNT trial data
A TNT reference trial was conducted using 0.5 kg charge of TNT, known as a TM 500. The data is presented in Table 11 and Table 12 with the percentage difference to the ConWep data. For interest the pressure-time and impulse-time curves are shown in Figure 30 and Figure 31 below. The data shows large variation from the expected TNT overpressure and impulse values; therefore, the time of arrival and positive phase duration were compared to values on ConWep to establish if there was an error with trial setup or equipment. As can be seen in Table 13 there is very little difference between the time of arrival data but up to 22% variation in the positive phase duration. The cause of the increase in positive phase duration is not immediately obvious. However, the time of arrival data indicates the gauges functioned properly and the trial was correctly setup, therefore these factors are unlikely to be the cause of the high values.

ConWep assumes spherical or hemispherical charges, but the TNT used in the trial was a hexahedral block, as such, some variation was expected in the results. However, with a difference of between 20-50% it was decided not to use this data to determine the TNT equivalence of nitromethane. It is possible the observed differences are solely due to the shape of the TNT charge, however, without further trials, it is not possible to draw any reliable conclusions.
[bookmark: _Ref226562760][bookmark: _Toc228788319]Table 11 TNT pressure data - trial and ConWep
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[bookmark: _Ref226562763][bookmark: _Toc228788320]Table 12 TNT impulse data - Trial and ConWep
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[bookmark: _Ref226562178][bookmark: _Toc228788321]Table 13 Time of arrival and positive phase duration comparison
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[bookmark: _Ref226563901][bookmark: _Toc228788303]Figure 30 Overpressure for 0.5 kg of TNT
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[bookmark: _Ref226563903][bookmark: _Toc228788304]Figure 31 Impulse for 0.5 kg of TNT

[bookmark: _Ref224734178][bookmark: _Ref226556247][bookmark: _Toc228788376]Appendix 2 – Trial and Viper data for 13.9 kg of nitromethane
Table 14 shows a comparison of the trial data and Viper data obtained for a cylindrical charge of 13.9 kg of nitromethane at 6 m, 10 m, and 15 m. This helped to determine if the modelling approach used to produce TNT blast data was appropriate. There is good agreement between the two data sets, indicating the simulation reflects the experimental trial, therefore it was appropriate to use the Viper cylindrical TNT model data to determine the TNT equivalence. The pressure and impulse curves are shown in Figure 32 and Figure 33


[bookmark: _Ref228724887][bookmark: _Toc228788322]Table 14 Comparison of trial and Viper data for 13.9 kg nitromethane
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[bookmark: _Ref226637254][bookmark: _Toc228788305]Figure 32 Overpressure for 13.9 kg of nitromethane simulation
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[bookmark: _Ref226637255][bookmark: _Toc228788306]Figure 33 Impulse for 13.9 kg of nitromethane simulation
[bookmark: _Ref227051297][bookmark: _Toc228788377]Appendix 3 – Risk Assessment and COSHH Assessment
[bookmark: _Toc228788378]Bare Charges Risk Assessment
A copy of the risk assessment used for bare charge explosions is included below; names and sensitive information have been removed.
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[bookmark: _Toc228788379]Nitromethane COSHH Assessment
The nitromethane COSHH assessment has been included below; names and sensitive information have been removed.
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[bookmark: _Ref227051576][bookmark: _Toc228788380]Appendix 4 – Trial checklist
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[bookmark: _Ref228446954][bookmark: _Toc228788323]Table 15 Gauge details - nitromethane trials
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[bookmark: _Ref228726610][bookmark: _Toc228788381]Appendix 5 – Project Management 
[bookmark: _Toc228788382]Gantt Chart
Figure 34 shows the original project Gantt chart and Figure 35 shows the updated version reflecting the actual progression. Due to conflicting demands for the test pad at DNV Spadeadam, the trials were delayed until August, and the TNT trial took place in February. Although this differed from the original plan, contingency time had been built into the schedule and therefore the delay did not impact the progression of the project, nor did it result in a change in the methodology. Progress was tracked through regular meetings with the Explosives Team Project Manager, and the Gantt chart was updated accordingly. As a result, the delays did not affect the project reporting phase, or the achievement of the project aims.
[image: ]
[bookmark: _Ref228193995][bookmark: _Toc228788307]Figure 34 Original Gantt chart
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[bookmark: _Ref228438083][bookmark: _Toc228788308]Figure 35 Updated Gantt chart
[bookmark: _Ref228726731][bookmark: _Toc228788383]Appendix 6 – Ethics Form
APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. 

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.
The individual undertaking the research activity is known as the “principal researcher”.
This form must be completed and approved prior to undertaking any research activity. 
SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Natalie Coplin

	2
	Student Number:
	2113351

	3
	Email address:
	2113351@student.uwtsd.ac.uk

	4
	Programme of Study:
	Ordnance, munitions and explosives

	5
	Director of Studies/Supervisor:
	TBC



SECTION B:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, location-specific dodes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines. You may add rows to this table if needed.

	1
	[bookmark: _Ref226821292][bookmark: _Ref226821236][bookmark: _Toc228788309]UWTSD Research Ethics & Integrity Code of Practice
	☒
	2
	UWTSD Research Data Management Policy
	☒

	3
	
	☐



SECTION C: Details of Research Activity
	1
	Indicative title:
	Determination of TNT equivalence of Nitromethane in charge sizes of 15kg or less.

	2
	Proposed start date:
	August 2025
	Proposed end date:
	End of Dec 2025

	
	Introduction to the Research (maximum 300 words in each section)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge 
· How it addresses an area of importance. 

	3
	Purpose of Research Activity
To establish if a plastic mouldable explosive (PE4) can be replaced by the fuel nitromethane, in small charge sizes. To do so, when nitromethane is made to detonate, it will need to produce the same blast effect as PE4 for it to be useable in future tests. DNV Spadeadam have already performed this test on larger charge sizes, but now there is a requirement to see if the tests can be scaled down, providing justification to replace PE4 with nitromethane. The requirement has been generated due to poor lead times and rising costs of PE4.

	4
	Research Question
What is the TNT equivalence of Nitromethane in charges of 15kg and less.

	5
	Aims of Research Activity
To determine the TNT equivalence value of nitromethane and compare this value to that of PE4.

	6
	Objectives of Research Activity
The objectives of this project are:
1. Conduct a literature review into the use of nitromethane as an explosive.
2. Perform a series of blast tests to collect pressure-time data.
3. Analyse data and calculate a TNT equivalence for nitromethane.
4. Produce an 8000-word report on the trial and data.
5. Document blast tests and results in a poster presentation

	
	Proposed data collection methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity to collect data, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. You do not need to justify the methods here but should instead describe how you intend to collect the data necessary for you to complete your project.

	7
	Pressure data from nitromethane (and potentially TNT) detonations will be collected. This is done by attaching pressure gauges to data loggers and measuring the over pressure generated during a blast test. Video recordings of the detonations may take place using go-pro like cameras on the test site. There will no recordings of individuals.



SECTION D: Scope of Research Activity
	
	Will the research activity include:
	YES
	NO

	1
	Use of a questionnaire or similar research instrument?
	☐
	☒

	2
	Use of interviews?
	☐
	☒

	3
	Use of focus groups?
	☐
	☒

	4
	Use of participant diaries? 
	☐
	☒

	5
	Use of video or audio recording?
	☒
	☐

	6
	Use of computer-generated log files?
	☒
	☐

	7
	Participant observation with their knowledge?
	☐
	☐

	8
	Participant observation without their knowledge?
	☐
	☒

	9
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	10
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	11
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	12
	Investigation of participants involved in illegal activities?
	☐
	☒

	13
	Use of procedures that involve deception?
	☐
	☒

	14
	Administration of any substance, agent or placebo?
	☐
	☒

	15
	Working with live vertebrate animals?
	☐
	☒

	16
	Procedures that may have a negative impact on the environment?
	☒
	☐

	17
	Other primary data collection methods. Please indicate the type of data collection method(s) below.
	☐
	☒

	
	Details of any other primary data collection method:

	
	



If you have ticked NO to every question then the research activity is (ethically) low risk and you may skip section E and continue to section F.
If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 

SECTION E: Intended Participants
	
	Who are the intended participants:
	
YES
	
NO

	1
	Students or staff at the University?
	☐
	☒

	2
	Adults (over the age of 18 and competent to give consent)?
	☐
	☒

	3
	Vulnerable adults?
	☐
	☒

	4
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	5
	Prisoners?
	☐
	☒

	6
	Young offenders?
	☐
	☒

	7
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	8
	People engaged in illegal activities?
	☐
	☒

	9
	Others. Please indicate the participants below, and specifically any group who may be unable to give consent.

	☐
	☒

	
	Details of any other participant groups:
	
	



	
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	10
	How many participants are expected?
	N/A

	11
	Who will the participants be?
	N/A

	12
	How will you identify the participants?
	N/A





	
	Information for participants:
	
YES
	NO
	
N/A

	13
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☐
	☐
	☒

	14
	Will you tell participants that their participation is voluntary?
	☐
	☐
	☒

	15
	Will you obtain written consent for participation?
	☐
	☐
	☒

	16
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☐
	☐
	☒

	17
	If the research is observational, will you ask participants for their consent to being observed?
	☐
	☐
	☒

	18
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☐
	☐
	☒

	19
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☐
	☐
	☒

	20
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☐
	☐
	☒

	21
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☐
	☐
	☒

	22
	If NO to any of above questions, please give an explanation 

	
	You should be able to tick YES for all of these questions. If not, then explain why not in this box.



	
	Information for participants:
	
YES
	NO
	
N/A

	24
	Will participants be paid?
	☐
	☐
	☒

	25
	Is specialist electrical or other equipment to be used with participants?
	☐
	☐
	☒

	26
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☐
	☒

	27
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☐
	☒

	28
	If YES to any question, please provide full details 

	
	You should be able to tick NO for most of these questions. For any cases that you have ticked YES then provide details in this box. If you are using cameras/voice recorders to record interviews then please state that in this box.



SECTION F: Anticipated Risks

	
	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them.  

	1
	Risks to participants
For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information. If you have identified in section D that there are no participants then enter N/A and go skip to question 3.

	
	Risk to participants:
N/A
	How you will mitigate the risk to participants:
N/A

	2
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	N/A

	3
	Risks to the investigator
For example: personal health & safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to the investigator:
Contact with nitromethane (skin, eyes, inhalation, ingestion).

Blast and fire risk.




	How you will mitigate the risk to the investigator:
A COSHH assessment for nitromethane been completed. Protective measures are outlined in detail in there and will be followed:
· Wear PPE, including chemically resistance gloves, full arm/leg covering, safety glasses.
· Use only in well-ventilated areas.
· Do not transport with explosives.
· Strict adherence to site exclusion zones for 15kg blasts.
· Strict adherence to the blast testing protocol.
· Only those trained in test set up will be allowed to handle material.
· Permission to fire must be obtain from the control room before testing can occur. This enables control room to ensure the exclusion zone is clear of all personnel.
· No lone working, test only between 9-5.

	4
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to the University:
Reputational damage due to student injury

(this box should expand as you type)
	How you will mitigate the risk to the University:
Workplace test procedures will be followed, including exclusion zones and control room permission before any test takes place. No lone working will take place. 
Testing will only be conducted between 9-5.

	5
	Environmental risks
For example: accidental spillage of pollutants, damage to local ecosystems

	
	Risk to the environment:
Noise impact to the area local to the test site.






Detonation products.




Accidental spillage.
	How you will mitigate the risk to environment:
The student’s workplace has a uses a noise forecast technique based on the weather. Anticipated noise pollution will be checked prior to any testing and if above the limit, no testing will take place until such time that the noise will not be a nuisance.

Any detonation products will dissipate quickly and are not considered to be an environmental risk. Only small quantities will be used and minimal testing will be performed.

Nitromethane is stored in a fully bunded site. All staff who may handle nitromethane are trained to deal with any spills.



SECTION G: Feedback, Consent and Confidentiality
If you have identified in section D that there are no participants, then enter skip this section and continue to section H.
	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
	

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	N/A

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
	N/A




SECTION H: Data Protection and Storage
	
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	1
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person. Any video or audio recordings of participants is considered to be personal data.
	☐
	No

	
	If YES, provide a description of the data and explain why this data needs to be collected:

	2
	This includes audio/video data of participants, but can also include IP addresses and usernames. Names, addresses and emails also count, as do consent forms.

	
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	3
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐
	
No

	
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	4
	What counts as ‘sensitive’ will differ between cultures. Any information on behaviour that is not in accordance with cultural norms would count as sensitive personal data.



	
	
Will data from the research activity (collected data, drafts of the thesis, or materials for publication) be stored in any of the following ways?
	YES
	NO

	5
	Manual files (i.e. in paper form)?
	☐
	☒

	6
	University computers?
	☐
	☒

	7
	Private company computers?
	☐
	☒

	8
	Home or other personal computers?
	☒
	☐

	9
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	10
	“Cloud” storage or websites?
	☐
	☒

	11
	Other – specify:

	☐
	☒

	12
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of backup procedures, password protection, encryption, anonymisation and pseudonymisation:

	
	If possible, save your data on computers that are secure and regularly backed up. Many cloud services only provide GDPR-compliant storage for business customers. An example of suitable text is given below.

All test data will be kept on a password protected network at the student’s workplace which
will not be shared with anyone who does not require access. There are no confidentiality issues.



	
	Data Protection

	
	Will the research activity involve any of the following activities:
	YES
	NO

	13
	Electronic transfer of data in any form?
	☒
	☐

	14
	Sharing of data with others at the University outside of the immediate research team?
	☐
	☒

	15
	Sharing of data with other organisations?
	☐
	☒

	16
	Export of data outside the UK or importing of data from outside the UK?
	☐
	☒

	17
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	18
	Publication of data that might allow identification of individuals?
	☐
	☒

	19
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and Data Protection Act (2018) (and/or any international equivalent):

	
	No personal data will be collected or stored. Experimental data collected will be shared with my workplace.
(this box should expand as you type)

	20
	List all who will have access to the data generated by the research activity:

	
	Researcher, university supervisor, workplace team, external examiner, second marker, endpoint assessment team.

(this box should expand as you type)

	21
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	Principal researcher.

(this box should expand as you type)

	22
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. 

	
	N/A
(this box should expand as you type)

	22
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)
	☒

	23
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	☒



SECTION I: Declaration
	
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	1
	Signature of applicant:
	Natalie Coplin
	Date:
16/06/2025

	2
	Director of Studies/Supervisor:
	
	Date:

	3
	Signature:
	

	




FOR INTERNAL USE ONLY:
	
	Ethical approval given 

	1
	Signature of assessor:
	
	Date:


	2
	Name:
	

	3
	Role:
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TNT equivalence test

Experimental method

Sand crush

Measures the weight of sand crushed by an initiated explosive to provide an
indication of the brisance of an explosive [17].

Lead block (trauzl) test

Measures the deformation inside a lead block following the detonation of a
small charge. This provides an indication of explosive power —the work
done — by the expanding gases [18].

Ballistic mortar test

A mortar is suspended from a pendulum and following an explosion in the
cavity of the mortar, the displacement is measured to provide an
assessment on explosive power [19].

Plate dent test

Looks at the depth of a dent in a metal plate produced from a small
explosion. It is used to estimate the Chapman-Jouguet (CJ) pressure of an
energetic material [20].

Air blast test

Uses time-pressure waveforms to assess peak overpressure and impulse
[20].
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TNT equivalence test Numerical methods

Assesses the amount of energy liberated upon detonation of the material

Heat of detonation
[21].

Assesses the quantity of heat released during the decomposition of an

Heat of explosion K .
energetic material [21].

Assesses the heat of detonation and and the number of moles of gaseous
products [22].

Berthelot method
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Trial Explosive Mass of explosive (kg) Booster Mass of booster (g) Detonator
1 Nitromethane 13.8 Semtex 10SE 100 EPC Euronel 2 in-hole
2 Nitromethane 13.8 Semtex 10 50 EPC Euronel 2 in-hole
3 Nitromethane 13.8 Semtex 10SE 50 EPC Euronel 2 in-hole
4 Nitromethane 13.8 Semtex 10SE 10 EPC Euronel 2 in-hole
5 TNT 0.5 Semtex 10SE 34 EPC Daveydet HI
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Date: 1st August 2025

Elevation (m) | Atmospheric pressure (mbar) | Temperature (°C) | Humidity (%) | Direction (°) | Speed (mph)
250 1018 14 67 350 11
250 1017 14 67 360 10
250 1018 15 59 350 11
250 1018 14 62 340 10
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Trial Gauge Standoff Peak overpressure Mean peak Impulse (kPa-ms) Mean impulse (SD)
distance (m) (kPa) overpressure (SD) (kPa) (kPa-ms)
1 1 220 282
2 246 286
2 2 6 231 234 (+/-9) 284 284 (+/-5)
3 2 235 277
4 2 238 293
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Trial Gauge Standoff Peak overpressure Mean peak Impulse (kPa-ms) Mean impulse (SD)

distance (m) (kPa) overpressure (SD) (kPa) (kPa-ms)
3 71 186
! 4 82 203
5 3 69 180
4 78 192

3 10 68 76 (+/-6) 185 193 (+/-9)
3 4 77 201
3 84 192
4 4 83 207
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Trial Gauge Standoff Peak overpressure Mean peak Impulse (kPa-ms) Mean impulse (SD)
distance (m) (kPa) overpressure (SD) (kPa) (kPa-ms)
1 5 35 133
6 34 130
5 5 36 130
6 15 34 35 (+/-1) 127 132 (+/-4)
3 5 36 136
6 34 127
5 37 138
4 6 36 133
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Standoff distance

NM trial - mean peak

TNT Viper - cylinder - peak

NM trial - mean

TNT Viper - cylinder -

(m) overpressure (kPa) overpressure (kPa) impulse (kPa-ms) impulse (kPa-ms)
6 234 212 284 258

10 76 69 193 168

15 35 32 132 117
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TNT equivalence

Standoff distance (m) | Peak overpressure Impulse
6 1.10 1.10
10 1.11 1.15
15 1.10 1.13
Mean 1.10 1.13
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Standoff distance Mean peak ConWep peak Percentage change
(m) overpressure TNT overpressure TNT relative to ConWep (%)
(kPa) (kPa)
6 26.6 22.1 20
10 15.8 10.9 45
15 8.6 6.5 32





image43.png
Standoff distance

Mean impulse

ConWep impulse

Percentage change

(m) (kPa-ms) (kPa-ms) relative to ConWep (%)
6 48.4 32.2 50

10 29.0 19.6 47

15 20.2 13.2 52
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Standoff Mean time of ConWeptime of |Percentage changerelative| Positive phase |ConWep positive phase Percentage change
distance (m) arrival (ms) arrival (ms) to ConWep (%) duration (ms) duration (ms) relative to ConWep (%)
6.0 12.2 11.9 3 4.2 3.5 20
10.0 23.5 22.9 3 5.0 4.1 22
15.0 36.9 37.1 0 5.6 4.6 20
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Standoff distance

NM trial - mean peak

NM Viper - cylinder - peak

Percentage

NM trial - mean

NM Viper - cylinder -

Percentage

(m) overpressure (kPa) overpressure (kPa) difference (%) | impulse (kPa-ms) impulse (kPa-ms) | difference (%)
6 234 223 5 284 266 7

10 76 70 9 193 173 9

15 35 32 10 132 121 12





image48.png
Pressure (kPa)

250

200

150

—_
o
o

10

15

20

Time (ms)

25

30

35

—— 6 m - pressure
——— 10 m - pressure
—— 15 m - pressure

40

45




image49.png
—— 6 m - Pressure
——— 10 m - Pressure
—— 15 m - Pressure

)
=
©

o

x
©

2
3
a

E





image50.png
DNV
SPADEADAM RESEARCH AND DEVELOPMENT
TEST PROCEDURE

Certificate of Approval

Test Procedure Number: STNO110

Bare Explosive Charges on Pad C
Issue No: 06

Valid unti: 1710172026




image51.png
DNV

TABLE OF CONTENTS

1 NATURE OF TEST 4
2 PERSONNEL REQUIREMENT 4
3 SAFETY AND ENVIRONVENTAL RISKS. 4
31 Overpressure 4
32 Environmental Impact 5
4 TEST PROCEDURE. 6
41 Test Preparation 6
42 TestConduct 6
43 Post Test 7
44 Control Responsibilties 7
5 MISFIRE PROCEDURE 8
52 Emergency Procedure i
6 WASTE AND DECOMMISSIONING. 8
7 REFERENCES 8
H EXCLUSION ZONE 9
APPENDIX A~ SIGNATURE PAGE 1
APPENDIX B — FLOW DIAGRAM FOR EXCLUSION ZONES 2

APPENDIX C — RISK ASSESSMENT 13




image52.png
DNV

1 NATURE OF TEST

‘This procedure is to cover an explosive fral up to 1kg of TNT that will be conducted on Pad C at Spadeadam. Itis
designed to provide pressure data on TNT biasts for comparison to iterature data on TNT equivalence. This wil be used
to validate the test procedure for determining the TNT equivalence of nitromethane. The charge size can vary up to and
including 1kg TNT eq. Classed as bare charges, they wil generally be contained in a taped plastic bag for smaller
charges, or in plastic containers supported on foam, plasic or wooden stands ifthey are larger charges.

‘The charge will be made from TNT with a xx booster. The rials il all be carried out outdoors on or around the area of
Pad C of DNV Spadeadam Testing and Research.

Al tests are carried out in line vith the requirements of the site HSE Explosives Licence (or current exemptions! local
licensing) and the conditions of issue therein.

Tests will not include targets.

2 PERSONNEL REQUIREMENT

“The following staffresource is required for this actvity:
= AFiring Officer will be required to pack. position and detonate the charge

A Project Scientist will be required to manage the set up and running of the trial. A Scientist cannot fuli the.
ole of Firing Officer and a role of Project Scientist

« Tosetup the targets for the tials, Site Operatives vl be required, often with the use of mobile plant and
equipment such as FLTs

3 SAFETY AND ENVIRONMENTAL RISKS

“The hazards associated with preparing the explosive devices are those associated with the handing of explosives and
detonators. Al handiing of explosives will be conducted i accordance with Spadeadam Explosives and Ballstcs Safety
Handbook OP-OEG-5-SPA-005. COSHH assessments for TNT can be found in the Spade Diive COSHH Assessments
folder. During the test, the significant hazards are overpressre and noise. These charges are bare (L. no steel or
heavy casing) and will not produce a primary fragmentation hazard. To avoid secondary fragmentation from chipped
concrete or stones occurring, allcharges will be raised by a minimum of 1 m off the ground unless an additonal risk
assessment is conducted and indicates that the charge should be raised further offthe ground, in which case these.
extra measures will be taken. There are also hazards associated with the inspection of the targets after each trial from
sharp edges.

3.1 Overpressure
The mavimum charge size for any individual charge covered by his procedure i 1 kg TNT equivalence. The
overpressure field that vl be generated by various charge sizes has been calculated and displayed i the Table below.
The test exclusion zone ensures thal no personnel il b exposed 1o overpressures greate than 15 mbar calcuated by
using PDECAY (British Gas Computer program based on TNT curves). The predicted distance to a 15mbar
overpressure is iven in Table 1

Charge Size (kg | Estimated Distance
TNT) to 15 mbar (m)
0 105
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‘Table 1 - Distance to 15mbar overpressure

Ifthe charge size falls betvwieen sizes listed above, by default the upper distance exclusion zone will be used, an
intermediate exclusion zone based on the distance to 15 mbar can be used but must be justiied separately to this
procedure. Figure 1 displays the exclusion zones based on the distances in Table 1. To allow for the charges to be
positioned anywhere on the Pad, outside at the balistics range and off the back of Pad C, the exclusion zones have
been oversized to account for this positioning.

For some activties it may be necessary to clear the sit of personnel, vehicles or both to put in place the appropriately
sized exclusion zone. Where this is required, staff, vehicles or both will be removed to a safe area outside the exclusion
zone. Some staff, a minimum requirement, will remain in the main Control Building RSBC, which is a protected building.
There is a joint responsibity between the Project Scientistin charge of the activity and the Control Manager to ensure
the correct exclusion zone is cleared, enforced and maintained in a sanitized state.

“The exclusion zone is a hemispherical shape and therefore also extends upwards as well as outwards from the charge.
s such, prior totesting the Project Scientist il request Control to obtain clearance to test from RAF Range Conirol. If
itis outside of RAF hours, Control vill raise a NOTAM (notice to airmen). Prior to fiing, the Project Scientist willvisually
check the air space for arcraft

32 Environmental Impact

‘The detonation products produced from the charges, including CO are minimal due to the frequency that the trials are
carred out (usually only 15 times a year). Since the tests are all carried out i ‘open ai, any toxic detonation products
and residues are readily diuted and dispersed by the prevailing weather conditions.

Another environmental impact i the noise nuisance effect on the surrounding area. This is minimised using a noise
evaluation forecast which is provided by the Met. Office. This s for the prevailing weather conditions and ensure that
any noise focusing effects do not produce noise levels above 135 dB in populated areas. If this is deemed to be the
case, the test may be postponed. Charges above 40 kg, or smaller at the recommendation of Site Control, will require a
noise evaluation forecast o be requested. Tests above tis size may also only be carried out between 9 am and 6 pm to
limit the impact on the surounding populated areas. Upon a two minute waming, Control will notfy all personnel on
main site that hearing protection is required due to the noise levels produced on site.

Ifthe charges are 20 ky NEQ TNT Equivalence or less, charges can be fired at Pad C but all personnel i atiendance
must be under cover in Sangars CC1 and CC14. The imit on numbers for each Sangar is 12 people, including any DNV
staff carrying out the detonation. There must be at least one DNV Employee in each Sangar with visitors. For small
charges where the exclusion zone to 15 mbar does not cover al of Pad C, DNV or supervised personnel can be present
outside of the exclusion zone but on Pad C. Please see exclusion zone in Figure 2 or the viewing and charge locations.
for small charges.

Where the number of visitors exceeds the capacity of the Sangars, those with no place in a Sangar must witness the
test from outside the exclusion zone, for example the roof of RSBC. If there are muttple shots, they can be staggered
and the visitors swapped befween viewing areas but no movement must take place unti the pad has been checked and
break cover confimed by the Project Scientis/ Firing Officer. Site Conrol will give permission for the movement of
personnel atthe request of the Project Scientist

“The COSHH assessments for TNT can be found in the Spadeadam Documents Store.
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4 TEST PROCEDURE

41

411
412
413

415
416

42
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422

423

Test Preparation
Targets il e positioned it on the balltcs range or on Pad C.
The explosive charge vil be prepared folloving OP-OEG-5-SPA-05 by the Firing Offcer.
Once the above preparaton is complete the Projct Scientis il enstre:
« Thetargets are setup and i position
+ The cameras and nstrumentatin,  required, are installed and working corecty vith any adtonal
protection is placed i equipment is vuinerable

« Thatthe exclusion zone has been enforced and any non-{est personnel are outside of the exclusion zone
with any biind spots and buildings are checked and clear, including a visual check of surounding area
outside the DNV Boundary including where necessary the Nori and South Roads

« Once all non-test personnel and vehicles are cleared from the exclusion zone and all barriers are closed,
inform Control that the exclusion zone has been cleared of non-essential personnel

Ste Controlwil confirn all vehicle and plant have been moved as required

‘The charge will be transported to the firing area by the Firing Offcer in an appropriate vehicle from the
Explosive Preparation Area and assembled into position. The Firing Officer willcheck the operation of the
firing cables.

1f Roll Callis required, this vil be completed by Site Control and confirmed complete.

‘The Project Scientist il request a 15-minute waming.

Test Conduct

Upon confimmation of the 15-minute waming:
The Project Scientist vill ensure all required cameras and instrumentation are armed and the Instrumentation
Technicians have cleared the area.

“The Firing Officer will ensure they have all means of niiating the explosives fring systems in their postion.

Al personnel except for the Firing Officer will leave the exclusion zone o retreatinto one of the permissible.
‘Sangers and confim they are out of the arealunder cover.
The Project Scientist vill request a 5-minute waming from Control.
Upon confimmation of the 5-minute warming:
« The Firing officer will connect the detonator to the firing line, then connect his to the main charge,

booster or explosives train before returning to the fring point (within one of the permissible Sangars or
out of the exclusion zone).

= The Fiing officer will connect the firing line to the iring pack and conduct inal equipment checks. ..
firing pack will amm, radio equipment is communicating, circu is complete and then confirm to the.
Project Scientist.
« The Project Scientist wil request a 2-minute waming from Conrol
Upon Confitmation of a 2-minute warning:

= Project Scientist willcarry out a final visual check of the exclusion zone including the area above (for
approaching aircraft etc.).
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« The Firing Offcer will arm the firing pack and inform the Project Scientist they are ready o fire.

= The Project Scientist il request clearance to proceed with a countdown from Control
424 Upon receiving clearance to proceed with the countdovn:
« The Project Scientist wil give a 5 second countdown.

« The Firing Oficer wil fire the charge
425 Ifthe charge fais to fire successfuly, follow the Misfire Procedure (section 5).

426 Ifthe charge fires successfully, the Firing Offcer will return to the test area and check that all explosives
have detonated. If clear, the Firing Officer wil declare *Area Clear" over the Site radio. f the area is not clear,
the Firing Officer wil dispose of any unburnt explosives by placing a demolition charge next to , following
the procedure above from the 5-minute waming Step.

427 Oncethe area's clear, the Project Scientist wil then check the targets for safety and cordon off any that are
potentially unsafe.

428 Allother personnel may then be allowed to return to the test area.

43 Post Test

After each test, the Project Scientist wil inspect the remains for damage. It is unlikely there will be any damage,
however, if there is this vill need cleaning up and removing after each test The Project Scientist il control the area
until the any damage has been confimed safe by performing the actions of a separate fisk assessment and method
Statement where necessary.

44 Control Responsibilities

Action Comments

24 hours (minimum) | Scientistto confirm with control that testis scheduled.
before test

Day of test >40 kg Control o request ACO and confirm with Project Lead that test s within noise imits and,
ifrequired, affected areas have been noified of test

60130 minutes before | Scientist o confirm vith control that test is planned in 60/30 minutes. Control to request wamings
test from RAF ATC as required.

15 mins before test | Control to inform Project Lead that rol cal (f required) is complete. Scientist confirms with
Control that al barriers are in place and exclusion zone is enforced. Control then requests 15
minute waming from ATC and confirms with Project Lead that 15-minute waming has been
approved

5mins before test | Scientist confirms that all test personnel are i position. Control confirms 5-minute warming has
been approved by RAF ATC.

2 minute priortotest | Scientist requests 2-minute waming. Control performs last sweep of area- If lear (RAF may
have asked to approve a 2-minute waming), Control vil

“Turs on road warning lights

Sound the site test alarm
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Call ‘comms minimise and request hearing protection for all on main site’

Issues 2-minute warning to Scientist and requests call back for countdown

Test complete Scientist confirms with Control that test is complete.

Post Test All barriers reopened

5 MISFIRE PROCEDURE

Proceedings following a misfire:

5.1.1 If the charge fails to fire, the exploder will be reprimed and attempt to fire the charge again.

5.1.2 If still no explosion, repeat a third time and if no explosion occurs announce to Control that a misfire has
occurred.

5.1.3 The Firing officer will remove the firing cable from the firing unit and wait at the firing location for 30 minutes.

Breaking cover will not be permitted until the 30 minutes has elapsed. All other personnel must remain
outside of the exclusion zone.

5.1.4 After 30 minutes has passed, the Firing Officer alone will go to the explosive charge to appraise the situation,
preferably from a distance where possible. Wherever practical, they should disengage the detonator from the
main charge and carry on with the investigation.

5.1.5 It is mandatory that the Firing Officer has control of the firing units at all times.
5.1.6 If the detonator has not initiated the Firing Officer will remove the detonator from the main charge.
51.7 The Firing Officer will check the connection from the firing line to the detonator. If the connection is

functioning, then a new detonator will be installed to the firing line and the test procedure restarted from a
15-minute warning. The original detonator will be destroyed by placing another charge over it and carrying
out a controlled detonation.

5.1.8 If there is a connection fault, replace the firing line and detonator and restart the test procedure from the
request for a 15-minute warning (4.1.6).

5.1.9 If the detonator has initiated, the Firing Officer will collect the remaining explosives if safe to do so and place
a donor charge over the top of it and conduct a controlled detonation from a safe distance. If it is not
considered safe to collect the remaining explosives into one place, each piece must be destroyed separately.

5.1.10 The Misfire must be logged and its likely cause in the Misfire Log.

5.2 Emergency Procedure

5.2.1 Any test emergency will be dealt with in accordance with the DNV Spadeadam Site Emergency Procedure
OP-OBG-5-SPA-022.
5.2.2 If the site emergency alarm sounds when a test is about to be fired, then the Firing Officer will disconnect the

firing system from the cable and await further instructions.

523 The exclusion zone will remain in force until the area is made safe. |

6 WASTE AND DECOMMISSIONING

Itis not anticipated any waste will be generated from this test. However, if there is any this will be disposed of through
the correct routes.

7 REFERENCES

1. US Army Technical Manual TM 5-855-1, Fundamentals of Protective Design for Conventional Weapons,
1986
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8 EXCLUSION ZONE

This exclusion zone allows for the placement of the explosive charge anywhere on Pad C, the area outside of the ballistics range and on the pad at the back of Pad C.

I Barrier

shutat
entrance
>100kg

ogle

Figure 1 - Schematic of Exclusion Zone
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APPENDIX A — RISK ASSESSMENT
Activity Title: | Bare charges on Pad C Assessment No: STNO0110
A . | Name Ao Management Name I
Lead Risk Assessor: (print): Sign: Authorisation (Print): As per procedure Sign: | As per procedure

Assessment Team:

As per procedure

Assessment Date: | 18/09/2024

Review
due:

As per procedure

As per procedure

Description of work to be covered by this assessment:
(What is being done, where at, using what equipment, in what environment, under what conditions etc.)
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HAZARD CHECKLIST

Use this list only as a check. Step back and consider any other hazards. A more specific assessment maybe required for

hazards shown in bold or a process safety assessment for those in red (e.g. HAZID)

Access / Egress (obstructions) Hand tools X Pressure systems / equipment
Asbestos Hazardous substances (COSHH) Process safety

S;::)wpressed Gas (storage and Heat and ventilation Psychological effects
Condition of buildings / glazing Heights (inc ladders, scaffolding) Radiation

Confined space / asphyxiation Hot work Repetitive work

Construction work Housekeeping / waste materials X Slips / trips / falls

Display screen equipment (DSE) Layout / space Thermal environment
;Iaepclzit;irfile:)quipment (ing portable Lifting equipment Transport (e.g. FLTs, wagons)
Electricity Lighting levels Use of fixed machinery
Excavations Line of Fire Z\r/;ggir;%t‘if:ems I work
Explosions Lone working Other

Extreme weather / outdoor work Manual handling operations X

Fall of objects Mechanical lifting equipment

E:ilgﬁgpersons (from work at Mobile access equipment

Fire hazards Moving machinery

Flammable materials Noise and / or vibration X
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.4 0 MI e = = B s =
No. Activity and Hazard harmed a% d how © g 2 § Specify existing control measures % g é = required
= o < =i ?
= = ha (Y /N)?
1a Explosions Anyone inside the 1. Exclusion zone in force for all firings.
Blast Overpressure exclusion zone. 2. A physical check of the exclusion zone to be carried out
Other persons on site. to ensure it is clear of all personnel and equipment not
) connected to the activity.
Members of the public . i . .
living around the local 3. Allfirings are carried out with all personnel outside the
area outside the site. exclusion zone area or undercover.
4. |If sangars used as protected buildings there is a max of
_Tms can cause blast 12 persons per sangar including 1 DNV staff member.
mrjgr)értto %Z%J;e :nd 5. Exclusion zone must be enforced prior to connecting
property 9 the detonation chain
3 4 12 |6. Allbarriers are to be confirmed closed. 1 4 4 N
7. Non-involved persons to be removed from the area to a
place of safety prior to placing the detonator.
8. The initiation cannot take place without specific
clearance from Control.
9. Control will scan the exclusion zone outside of the site
boundary using the cameras on confirming the 15, 5
and the 2 minute warnings to ensure the area is clear.
10. The siren sounding 3 times signifying a detonation
within the following 2 minutes.
/Any personnel needed to wear ear protection are informed.
1b | Explosions Firing Officer — when 1. Site Misfire Drill to be carried out in accordance with
i - OP-OEG-5-SPA-005.
Failure to Fire/Partial/Misfire :EEPJ%ZCFGQ%?’_‘ZS%?W_QE ; _ ) .
during demonstrations it could go off 4 2 8 2. Liaison with Control during the entire period and 5 5 4 N

unexpectedly causing
blast injuries, potentially
fatal.

relevant permissions/clearances must be sought before
taking any actions.
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o i~ -2 .
o 2| 05 ° | 2 | ©.5| Additional
Who might b S| §|EL 8| 5 |38 | controls
No. Activity and Hazard harm(()e(;nzla% d hgw E | B &‘3 Specify existing control measures =| 3 | 9« required
= o g £ o 22l (yv/Np
3 12 !
2 Handling of explosives during Premature ignition of T ngslg?;/es only handied by trained and competent
preparation and demonstrations g)_(plos/l\;ets Fts?rltf)_u_s 2. Explosives handled in accordance with ‘Explosives and
'”flf‘.”V F‘;‘a.' Vtg '.””‘f. " Ballistics Safety Handbook’
o Idcerfh rol_ecth clentis 3. Detonator will not be connected to the charges until the
and others In the area 3 5 15 5 minute warning has been given and all persons 1 5 5 N
except for the Firing Officer has left the exclusion zone
or in protective Sangar.
4. The charge will not be detonated until the Firing Officer
is within their protective sangar and Control has given
the go ahead
3 Extreme weather / outdoor work CD)N:F;SZQU;ESS}SI"? 1. All test personnel are to wear suitable PPE for the
P : . weather they are working in.
2 3 6 2 2 4 N

Personnel could be
adversely affected by
extreme weather.
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o i~ -2 .
o > % ° > | ®E Additional
Who might b -z g | & g 3| 5 |3 E controls
- 0 might be = S = f = £ > 7 ;
No. Activity and Hazard harmed and how ° 8 =) Specify existing control measures A REE required
= o f ha (Y/N)?
4 Noise All personnel within 2. Near-field noise calculated referenced to recognised
Exposure to loud noises exclusion zone models and decay curves
B " Potential for both 3. Accoustic forecasting is carried out in accordance with
following explosion permanent and OP-OBG.5-SPA-005.
temporary threshold 4. Noise Assessments undertaken on work equipment.
csizgtfynzzgm:g?gﬁum 5. Hearing Protection e.g. Peltor Tactical XP Accoustic
damage. ! Ear Defenders, Peltor Optime 2 or 3 Ear Defenders or
Moldex Disposable Ear Plugs, is mandated for all
Noise can pose a persons undertaking the test_ing actiyitie_s and in other
nuisance to people 3 4 12 work areas where the blue signage is displayed. 1 4 4 N
outside the RAF Site 6. All personnel at the firing point must wear hearing
boundary potentially protection.
leading to complaints 7. Those in the vicinity or anyone that may be affected by
the noise will be instructed to wear hearing protection
prior to the firing.
5. Periodic noise monitoring to be carried out at locations
on and off site.
6. Tannoy announcement from Control at 2 minute
warning to remind all persons to wear their hearing
protection.
Housekeeping / Waste materials. DNV Scientists, Site 3 1. Engineers to ensure the area is safe after testing. 3 1 3 N
6 ) Operatives, Visitors. 2. Identify any sharp edges and rectify accordingly.
Debris or waste related to post- | 3. Follow general rule for slips, trip or falls.
fest clean-up. Injury can be caused b_y 4. All personnel to wear gloves during clean up as well
sharp edges from debris. as other appropriate PPE.
Manual handling operations DNV Scientists, Site 1. Manual handling assessments to be carried out and
7 Operatives, Visitors. significant risks documented with control measures.
3 2. Manual handling to be avoided if possible —
Sprains, strains and mechanical aids provided and must be used. 3 2 6 N
muscular skeletal 3. Staff are trained in safe manual handling techniques.

disorders.
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No. Activity and Hazard harmed a% d how © 5 % § Specify existing control measures % % B E required
= 0| g 9o 0 |® 5
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8 Slips, trips and falls DNV Scientists, Site Staff and visitors to wear protective footwear with
Operatives, Visitors. sufficient ankle support. Refer to PPE Assessment
_ ) ) 06/15 for additional information regarding PPE.
Slips / trips / falls causing 3 4 12 Any slip/trip hazards will be cleaned up or removed 3 2 6 N

cuts, grazes, gashes,
sprains, strains and
broken bones.

immediately.
Any cables will be rerouted away from walkways.
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Severity

Severity of Harm

Likelihood of Harm

Likelihood of Event

Comments:

Catastrophic (Multiple fatalities and/or 3 party
fatality or severe widespread environmental
damage; > 1000 litres Spillage)

Almost Certain: Will happen — (residual
likelihood will require a documented action
plan within 1 month)

Critical (Single fatality and/or multiple severe injuries
and/or 3" party severe injuries, occupational illness
or severe environmental damage with impact inside
and outside the DNV Fence Line; Spillage >100ltrs
and <1000Ltrs)

Likely: Known to have happened several
times on site, relatively frequent.

Serious (Single severe injury, RIDDOR reportable,
lost time injury or occupational iliness and/or multiple
minor injuries or minor occupational iliness and/or 3¢
party minor injuries. Serious environmental Damage
within the DNV Fence Line. Spillage > 10 Litre and <
100 Litres.)

Possible: May happen infrequently,
isolated occurrences on site.

Minor (Minor injury/short term absence and/or 3™
party trivial injury; Minor Spillage or environmental
damage. Spillage >2 and <10ltrs)

Unlikely: Could happen but unlikely, has
not happened before on site but may have

happened elsewhere.

Negligible (Trivial injury (First aid only) / Trivial
environmental damage to plants or trivial spillage
<2Ltrs)

Rare: Incident could happen but no
experience of it happening on site or
elsewhere.

Residual Risk Rating
16-25

Reduce risk through additional controls.

12-15

8-10 Additional controls should be introduced unless demonstrated to be not
Reasonably practicable.

4-6 This work which may be of a routine nature will require a Safe Method of
Work (e.g. Operating Procedure);

1-4 Additional controls required only if practicable
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& Research COSHH
Assessment Form

DNV

Process/Activi | Use of nitromethane Assessment No:
Lead Risk | Name _ Management | Name _
Assessor: | (print): | Not@e Copin | Sign: Authorisation: _| (Print): Sign:
Assessment Team: | -
Assessment Date: | 23/06/2025 | Rowe™™ | 23/06/2026

(What is being done, v

Nitromethane for use

where at, using what e

in explosive trials.

Description of the process being carried out under this assessment:
nent, in what environment, under what

1000kg | exposure - approx. 5
used at any| minutes exposure, up
one time, | to 50 times per year
approx

4100 lires
per year

. Hazardous | Quantity - I
No Proprietary Name - %¥E008, Uead Frequency Used | Exposure Limits Hazard/Precautionary Statements
1 |G-Max Chemitech Nitromethane Upto Short duration Nitromethane: H225 Highly flammable liquid and vapour.

Short-term value: 381 | H302: Harmful if swallowed

mg/m?, 150 ppm

Long-term value: 254

mg/m?, 100 ppm

Methanol:

Short-term value:
333mg/m, 250ppm

Long-term value: 266

mg/m?, 200 ppm

Can be absorbed
through skin

H332: Harmful if inhaled
H331: Toxic in contact with skin

H370: Causes damage to organs. Affected organs: optic
nerve (nervus opticus), central nervous system
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Spadeadam Testing
& Research COSHH
Assessment Form

DNV

c ] S| 8|27
Routes of Exposure 3¢ |28 8|5 |22
No. (Skin/Eyes/ingestion/ Who might be harmed and how 52 o Control Measures 3 5 g
Inhalation) g & "8 8 8
1 | skn Getting in eye, mouth, on skin, Safety glasses with side protection to be worn
inhalation of mistivapours/spray, (EN166).
eve tion when decanti
Ingestion g vhen decanting, Use only with adequate ventilation o closed system|
ot 9 ventilation
nhalation Those handiing nitromethane and
anyone i the mmmeriate area Wear impervious gloves (EN374). Breakthrough
time of glove material — refer to the information
provided by the gloves’ producer. Recommended:
4| 3| 12 |Butyl rubber, natural rubber or neoprene. Wear 21 3] 6
chemical resistance apron
In case of inadequate ventilation wear respiratory
protection. A suitable mask with filter type A
(EN14387 or EN405) may be appropriate.
Wash any contaminated clothing before reuse.
2 |skn Explosion/detonation and fire risk Store and handle away from sources of ignition.
Eyes sfh“esn‘"dgebmfg“;a";‘“g\'fms‘ injuries All operatives to be trained in the correct filling
\nhalation 9, 0 procedure and how to deal with spillages. In case of
Those handiing nitromethane and fire, extinguish with carbon dioxide, dry chemical,
anyone in the immediate area. 2 | 4| 8 |foam or water spray. Do not use water jet and do 1] 4| 4
not direct a solid stream of water or foam into hot,
burning pools as this may splatter and increase fire
intensity.
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DNV

No.

Routes of Exposure
(Skin/Eyes/ingestion/

Inhalation)

Ruoneg
SR
lenpisay

Who might be harmed and how Control Measures

Rusnes
sl

lenpissy

ooyl

Skin

Eyes
Inhalation

Possible exposure to detonation Operatives should be aware that with the correct
products stimulus, nitromethane will detonation. This requires|
input from a high explosive so under normal
operating conditions, it is extremely unlikely. Ensure
nitromethane is stored away and kept separate from | |

high explosives in storage and transport

Anyone in the immediate area
when detonation occurs.

Ensure exclusion zones are adhered to — consider
avoiding standing down wind of the detonation to
further reduce any risk, however small it is.

Is Health Surveillance or Medical Screening Required? No
If“Yes” give details:

Do any procedures/processes/plans relating to the task need to be amended or updated considering your risk assessment findings?

If“Yes” give details: No

Severity of Harm Likelihood of Harm

5 | Catastrophic (Multpie fataifies andjor 37 pary fataity or 5 | Frequent - (Multiple incidents have occurred.

Likelihood of

Event

25

20
15

20 15

16 12
12 [ 9

severe widespread environmental damage: > 1000 s Spillage) History of injuries, property damage and near
misses, not surprised if incident occurs)

4 | Critical (Single fatality and/or multiple Severe injuries and/or 3° | 4 | probable - (More than 1 occurence/incident
party severe Injuries, occupational illness or severe resutting in injury/property damage in last 12

environmental damage with impact inside and outside the months. An incident to be expected)

DNVGL Fence Line; Spillage >1001trs and <1000Ltrs)
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Assessment Form DNV
2 i 3| Serious (Single severe injury or occupational iiness andior 3 | Occasional - (Infrequent, no history of injury or
BIEN 6 multiple minor injuries or minor occupational iliness and/or 3 property damage, but near misses have been
1 party minor injuries. Serious environmental Damage within the reported on multiple occasions, but injury/damage
DNVGL Fence Line. Spillage > 10 Lirand < 100 Lirs.) could occur some-time)

Comments: 2 | Minor (Minor injury/short term absence and/or 3 parly trivial 2 | Remote - (1 related near miss in last 12 months,
injury; Minor Spillage or environmental damage. Spillage >2 and Frequent ASLTW Reports. Unlikely though
<1oitrs) conceivable, not happened before)

1| Negligible (Trivial injury (FIrst aid only) / Trivial environmental | 1 | improbable - (No incidents, Near Misses or
damage to plants o trivial spillage <2L1rs) ASLTW Reports logged. Incident could happen but
probably never wil)

Residual Risk Rating
16 - 25 - Work shall not proceed or facility shall not be used

12 - 15 - Reduce risk through additional controls. Permit to Work may be required in addition to Safe
Method of Work; competency levels appropriate and documented

410 - Reduce risk through additional controls if practicable, if not, add to the Safe Method of Work the levels of
competency should be appropriate

4-6 - This work which may be of a foutine nature will require a Safe Method of Work (e.g. Operating Procedure)

1 -4 - Additional controls required only if the benefits justify the effort
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PNV TEST CHECKLIST

Trial Date: .©1.10%.1.2025 .

Triod

(

Step Description Action
(DNV to initial Check
Points, DNV and Client
to Initial Hold Points)
1 ‘All measurements recorded:
~ Distances to target(s):
~ Airtemperature: ......) 4" checkpoint v
- Free Field Gauge Locations: ...
[ ~_Camera Positions: ..1v. ..
2. Pressure gauges installed to Spec/Requirements CheckPoint
3, Confirm acquisition speed (.| 1i.) and duration (...........) acceptable Check Point
4. Electrical equipment installed, tested, detail noted Check Point
5 Pre-test photographs taken Check Point
Charge size and location confirmed:
- size: 125K HoldPoint v/
~Position: .i.LA...
7 Al instrumentation protected by UPS Check Point
8. High Speed Video:
9 Exposure and Trigger Tests performed Check Point
10. Exclusion zone checked and all personnel accounted for
North road
Gate 12 'l W
Gate 7 v/, Check Point
Gate 6 v/
Gate5 V.
Gate8 v~
il 30-minute warning to control Hold point
12 Scan of area performed Check Point v~
13 Check action cameras are running | Check point v~
14 Clear area of all non-essential persons Hold point v
15. 15-minute warning to control Hold point "
16. High Speed Video armed Check Point__ "
17. HBMs (data acquisition) armed Check Point "
18 5-minute warning to control Hold point
19. Once shot-firer has left the area, give 2-minute warning to control Hold point
20. Clearance to fire from Control Check Point
21,
22. | Post-test photographs taken Hold Point v~
23, Confirm Area Safe — Visitors can enter Check Point
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Page 20f 3
Gauge Details

Gauge Number | Gauge Type Serial Nurmber Gauge Standoff (m)
P Pencil 16637 5

P2 Penci 15505 6
P3 Pencil 'Sa59 10
P4 Pencil 1596¢ 10
Ps Pencil 135S 3 'S
P6 Pencil 1Sasg 15
4 Pencil

g Pencil

Po Pencil

P10 Pencil
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Nitromethane trials

Gauge number | Gauge type | Serial number | Standoff distance (m)
1 Pencil 16637 6
2 Pencil 15968 6
3 Pencil 15958 10
4 Pencil 15957 10
5 Pencil 15959 15
6 Pencil 15805 15
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TNT trial

Gauge number | Gauge type | Serial number | Standoff distance (m)
1 Pencil 16637 6
2 Pencil 15805 6
3 Pencil 15959 10
4 Pencil 15968 10
5 Pencil 15957 15
6 Pencil 15958 15
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1 » Final year Project 220 days Fri 20/06/25 Thu 23/04/26 N—
2 » Project proposal 0 days Fri 20/06/25  Fri 20/06/25 ¢ 20/06
deadline
3 » Ongoing 52 days Fri20/06/25 Sun 31/08/25 |
Literature review
4 » Test Planning 143 days Thu 26/06/25 Mon 12/01/26 ===
5 » Testing 143 days Thu 26/06/25 Mon 12/01/26 |
6 » Test1 90 days Mon 28/07/25 Fri28/11/25 eee——]
% » Test 2 90 days Mon 28/07/25 Fri28/11/25
8 » Repeat tests 23 days Mon 01/12/25 Wed 31/12/25
9 » Data analysis 71 days Mon 06/10/25 Mon 12/01/26 T
10 » Report 166 days Fri01/08/25 Fri 20/03/26 = —
11 » Report writing 146 days Fri01/08/25  Fri 20/02/26
12 » Report review 10 days Mon 23/02/26 Fri 06/03/26
13 » Final edits 5 days Mon 09/03/26 Fri 13/03/26
14 » Report submission 5 days Mon 16/03/26 Fri 20/03/26
15 » Poster Design 11 days Fri 13/03/26 Fri 27/03/26 1
16 » Poster Submission 11 days Fri 13/03/26  Fri27/03/26 (I
17 b g VIVA Presentation 9 days Mon 13/04/26 Thu 23/04/26 Y

Project: Nat uni
Date: Tue 17/06/25

Task
Split
Milestone
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T

Project Summary
Inactive Task
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Start-only
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Progress
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2 » Final year project 248days  Mon 09/06/25 Wed 20/05/26 === =]
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> TNT trial S days Mon 02/02/26 Fri 06/02/26 "
10 » Data analysis 162days  Sat02/08/25 Sat14/03/26 L ——————————————————
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15 » Report submission 2days Fri01/05/26 Mon 04/05/26 n
16 » Poster design 11days  Fri24/04/26  Fri08/05/26 (B
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