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Abstract
A series of bare cased firing experiments were conducted to obtain real-time data to compare against modelled acoustic data. Two charge heights were chosen by the author and used alongside a set amount of plastic explosive to be able to gain the data to carry out comparison work. The charge methods utilised during this experiment were; 0.5 kilograms, 1 kilograms and 2 kilograms. Acoustic sensors were deployed on the outer limit of the modelled noise forecast to obtain the real time decibels during the firings. Twenty four firings were conducted in total with the plastic explosive PE8 and using RP83 detonators.
The decibel readings as a result of these firings was used to compare against the predicted data. Existing work of this kind had never taken place prior to this experiment so there is no legacy data to run a more in-depth comparison with. The reliability of the acoustic modelling method could be further improved in future work by predicting the noise for buried charges and using the Meteorological data from the trials site location.
By carrying out these firings it is hoped to be able to achieve a better understanding of how the noise modelling works compared to real-time noise as well as the reliability of the modelling software against the meteorological conditions at the trial site. 
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1. [bookmark: _Toc131008715]Introduction
The author of this dissertation had visions of carrying out this experiment to obtain data and understanding on how meteorological data is used to produce acoustic noise forecasting’s for the area and the location that the author works in on a day to day basis in the explosive industry. The experiment was carried out at trial site on the week commencing the 18th July 2022 during an unusually hot period of weather.
The aim of this project is to compare recorded results from sensors placed at various points around the range boundary with the predictions from the Met office. The current predictions are calculated at 2 metres above ground level, however a large proportion of the firings carried out on the range during trials are at a height of up to 1 metre above ground, ground level or buried. 
The current Monet formula is unable to process predictions for buried charges so there will be no Modelled data to run a comparison against for the data obtained from the sensors placed around the Range.
Met office weather forecast will be obtained for the firing days this will enable a comparison of data to be carried out to see if there is any variables due to the weather conditions.
2. [bookmark: _Toc131008716]Background Research 
Representations from area surroundings place of work and the occasional complaints from members of the public who inhabit the surrounding area of the author’s place of work have highlighted concerns over noise. For this reason it has been decided that explosive firings at the authors place of work will be restricted if there is an adverse risk that there will annoyance of the risk of structural damage caused. [1]
Experience within acoustic blast testing has indicated that the noise complaints were unlikely to occur if the impulsive noise level was below the rate of 120dB. The Meteorological office based at The Royal School of Artillery in Larkhill have developed and use a computer modelling software to model and predict the probable blast noise levels at various distances using a standard explosive source. [1]
Based on this experience and modified by local operating conditions the authors place of work use the noise prediction policy has been formulated.  By using data supplied by the Meteorological Office at Larkhill no local built-up area will be subjected to an impulsive noise level of more than 129 dB from a single explosion on any of the authors working trial sites.  This is further restricted in that where the predicted blast noise level is of the order of 125 dB or more repeated firings will be curtailed to one every 20 minutes. [1] [2]
The current blast noise prediction model used by the Larkhill Meteorological Office is based on radio-sonde ascents made at Larkhill at various times through the day.  The sonde data is processed by computer and used to plot a series of isopleths of noise levels related to a standard source of 2.4 kg of PE8 explosive at a scale of 1:10 000.  Copies of this diagram are then forwarded on to the author’s place of work and are available at 0800, 1000, 1200 and 1400 hours each day with each prediction being valid for the two hour period following the given times. [1] [3]
No noise limits have been set for buildings within the Establishment.  If the forecasts suggest that excessive noise levels might be experienced (between 120 and 129 dB) at points within the HQ Building, and other areas of the authors work place, the trial site control building will ensure the electronic notice board at the main entrance to the Porton site displays Range activity.
The temperature and humidity can affect sound measurements. With a fixed temperature a decrease of in humidity could reduce the sound to a listener. Temperature and humidity affect although humidity changes slowly, this is a factor that affects measurement repeatability.
The sound is given off from an explosion will travel in all directions from the point of detonation. The further the blast travels away from the point of detonation it will become slower and the energy that is produced will also reduce this will then transfer to an acoustic wave. The blast wave is followed by a negative pressure wave once this has the past the final reaction from a detonation is a blast wind.
Carrying out explosive work within a confined environment a reflection from the confined area this will cause the blast wave to bounce back from the surfaces it comes into contact with.
During an explosion a chemical reaction takes place and generates high pressure outputs and hot gasses. The pressure difference between the gasses produces a shockwave, which in turn moves outwards from the source. The shock wave will consist of of an immediate increase in pressure, which will rapidly decrease. When the peak pressure increases during the reaction the speed of the shockwave will also increase. 
When enough energy is transferred to a material it can cause an explosion which will then produce a large amount of energy and high volumes of gaseous products within a small time window. The energy of an explosive sound source is dominated by low frequencies especially at distances away from the source. 
3. [bookmark: _Toc131008717]Understanding how sound works.
Acoustic attenuation is split down into four categories these are as follows:
· Sound attenuation
· Audio attenuation
· Wave attenuation
· Noise attenuation
The definition of attenuation is where there is a loss or reduction in the intensity of energy. To be able to understand how attenuation works an understanding of how soundwaves work is needed. [4] [5]
4. [bookmark: _Toc131008718]Sound Waves
Sound is known as a wave phenomenon, a sound wave has a longitudinal property where the molecules are displaced for a period of time and then returned to their original state. Objects that are vibrating will also produce a sound. The molecules within the object when vibrating in a back-and-forth motion will produce a given frequency.
A frequency of a wave is calculated and measured by how many complete oscillations are carried out during the back-and-forth vibrations this I measured per seconds. The unit that is used to describe this is expressed as Hertz. A hertz measures the frequency of the given cycle that has occurred. [6]
5. [bookmark: _Toc131008719]Wavelengths
A wavelength of a sound wave is described as the distance the sound travels within a cycle. The wave will repeat its patterns once in every cycle so a wavelength can also be referred to as the length it takes for the pattern to repeat. The speed of sound is referred as to how fast noise is passed between the molecules.
When measuring soundwaves these are recorded in Decibels, Sabin or Hertz. When looking or referring to attenuation any data taken from this is recorded in decibels. When there is a high amount of energy transferred through a section of the object per second this is referred to as the intensity of the sound wave. [7]
The higher the vibrations, the bigger the rate at which the energy is transferred through the object, when this occurs this will produce a higher intensity sound wave. The following unit  is used to express the intensity of sound
A logarithmic scale will be used to measure sound intensity which is the decibel scale, this classifies a range for sound from 0-194dB. The intensity within sound will dissipate over time and distance, meaning the further away from the initial noise you the lower the sound reading will be. [8]
When the sound travels from its original source it will increase through the area. A sound wave that is a distance from a smaller source placed on a hard surface with no interference from surrounding objects will disperse in a hemispherical pattern. Once the source of the sound is suspended in the air it will disperse in a spherical pattern. During both these case the area is related to the square of the distance. [7]
The formula for hemisphere is as follows:

The formula for a sphere is as follows:

When using these formulas the area will quadruple with every doubling distance and this will result in an increase of a factor of 100 if the distance is increased by a factor of 10. [8]
Acoustically this will mean the sound level under these conditions will lower at a rate of 6db for every double distance from the source of the noise.
When using the decibel it can be and is defined as a unit of level power-like quantity during the tenth root of the logarithm. The decibel is the unit of level within the field of quantity when the bas of the logarithm is the 20th root of ten.

Below is the table explaining the logarithmic calculations for vibration levels a sound levels and their sub categories of acceleration and velocity for vibration and particle velocity and pressure for sound levels. [9]


	 
	Vibration Levels
	Sound Levels

	 
	  Acceleration : La  
	  Velocity : Lv  
	  Particle Velocity : Lv  
	  Pressure : Lp  

	dB
	ms-²
	ms-1
	ms-1
	Pa, Nm-2

	0 dB
	1 x 10-5
	1 x 10-9
	5 x 10-8
	2 x 10-5

	20 dB
	1 x 10-4
	1 x 10-8
	5 x 10-7
	2 x 10-4

	40 dB
	1 x 10-3
	1 x 10-7
	5 x 10-6
	2 x 10-3

	60 dB
	1 x 10-2
	1 x 10-6
	5 x 10-5
	2 x 10-2

	80 dB
	0.1
	1 x 10-5
	5 x 10-4
	0.2

	100 dB
	1.0
	1 x 10-4
	5 x 10-3
	2.0


Figure 1 Decibel reference level Table
 

The above table shows that 0dB is the baseline reference for each of the given parameters. The parameters given use the log of 20 formula for the given sound pressure levels.









The parameters that are given below use the log of 10 formula for the sound power levels.

	Sound
	  Power Level, LW  
	  Sound Intensity  
	  Sound Energy Density  

	dB
	Watts
	Watts/m²
	Joules/m3

	0 dB
	1 x 10-12
	1 x 10-12
	1 x 10-12

	20 dB
	1 x 10-10
	1 x 10-10
	1 x 10-10

	40 dB
	1 x 10-8
	1 x 10-8
	1 x 10-8


 Figure 2 Sound Exposure Table
Sound exposure (E) is the value of  measured during the stated period for the noise or timed event. The measurements are usually A-weighted this is in relation to a humans response.
[bookmark: _Toc109390289]Sound exposure is defined in the SI unit as  this is described as (Pascal-squared second). When using occupational noise exposure meter or otherwise known as noise dose meters record using the SI unit of  this is described as (Pascal-squared hour) and these record the noise levels throughout the working day.

6. [bookmark: _Toc131008720]Relationship between pressure and displacement
To be able to understand the relationship of pressure and displacement in an acoustic wave an instantaneous acoustic pressure will not generate a particle displacement. There is a delay during this process as the pressure will accelerate the particles until there are no particles left, this is where the max particulate velocity is found but displacement will carry on.

For sinusoidal displacement the figures have been acquired from the fluid of dynamics law. Fluid dynamics can be applied to equations as long as there is a minimum pressure in comparison to the ambient air pressure as well as the particle speed remaining below the speed of sound.

Particle displacement is linked to the speed and time using a frequency. Fluid dynamics has the equivalent pressure as of that as the speed of flow. Only by expanding the resting pressure for the current speed the actual pressure with remain as constant.

During maximum pressure there will be no particle speed and the same will be for particle displacement, this will also be the maximum of particle displacement. The displacement of this will be in phase with the pressure. [10]

7. [bookmark: _Toc131008721]Modelling
To carry out a noise forecast prediction atmospheric conditions are taken from by the release of a weather balloon at Larkhill meteorological office. During this flight the data is sent back to a system in which gives the information required to be inputted into the Monet noise software to provide an acoustic noise plot. Having received these noise plots the author or the authors colleagues will then be able to determine  as to whether the size of charge can be fired by the TCO or whether the TCO will need to wait for the next two hour window.
The noise modelling will provide an acoustic map showing this will provide an image of the boundary which is the black line in the below image. The noise forecast is marked as a red circle if that is within the marked boundary line then the charge can be fired. 
[image: ]
Figure 3 Modelled noise Forecast within the Boundary
[image: ]
Figure 4 Modelled noise Forecast outside of the boundary
These modelling plots are obtained by inputting meteorological data into the Monet acoustic program. [11]
8. [bookmark: _Toc131008722]Method for stemming
Any person or persons carrying out the stemming procedure shall have had adequate training in the use and handling of explosives and the techniques involved and shown themselves to be competent. They must have a Certificate of competency [1] authorising them as being capable of carrying out this work or work under the direct supervision of someone who has been deemed competent to do so (e.g. a TCO or TM).
Before any attempt to proceed with this process the personnel involved shall ensure that the activity is covered by a suitable and sufficient risk assessment [2], liaising with other groups/contractors who may be involved, as necessary. The risk assessment must address, as a minimum, the following risks, which have been identified with the process:
· Toxicity
· Handling
· Compatibility.
Any relevant requirements as listed on the Management System under working with explosives must be met.
9. [bookmark: _Toc131008723]Personal protective equipment
All personnel shall be provided with PPE that is relevant to the specific tasks that will be carried out as stated in the risk assessment. The PPE required to carry out the charge preparation task is the use of nitrile gloves this is due to the PE8 having carcinogenic properties and when handling without the correct PPE could transfer into the skin of the handler.
10. [bookmark: _Toc131008724]Equipment and Material
Tools that may be required to assist when carrying out the stemming procedure:
· Stemming stick (Delrin)
· Wet wipe for cleaning down
· Detonator dibber
All materials used above must be non-sparking, compatible with the energetics and also need to have anti-static properties.
11. [bookmark: _Toc131008725]Work description
On entering the Trials Conducting Officers preparation area all personnel carrying out the work described below should be wearing the correct PPE as identified in the risk assessment associated to the task. All contraband will be left in the control room the list of contraband is as follows:
· Mobile phones
· Smart watches
· Smoking/vaping equipment
· Matches/lighters
Before starting the charge preparation the TCO will weigh the sticks of PE8 to confirm they are the correct weight for the firing. The charges were then configured by taping the required NEQ amount together
Given that the chosen explosive was PE8 and even though the firings were carried out during a heat wave it was necessary to knead the explosives by hand until it was more malleable prior to carrying out the charge configuration task. 
Once the charge had been made a hole was dibbed into the PE8, this allowed the detonator to be pushed into the PE for the appropriate contact. Due to not using any type of manufactured charge casing there was no reason for compatibility testing and there was no storage restrictions associated with the charges, this was covered in the trials plan and risk assessment.
This project was carried out alongside other scheduled trials that had been booked on the author’s place of work. The cover area that was associated with this project restricted all unnecessary access to the locations of the sensors so these could not be interfered with or given false information or false noise readings by vehicles or personnel transiting past their locations. Decibel Meters (Norsonic 116) were used by the author and the following equipment and modelling was required:
· Tripods to mount Decibel readers 
· Met office weather data 
· Met office Noise model forecast
The data that is collected will be compared with the predicted Met office modelling to see if there are any differences between Modelling and real time data, the Met office weather data will then be analysed and compared with the real time data obtained. 
The variables that need to be considered during the project duration, has the potential to have both positive and negative effects. These variable may have effects on the data that is recorded this could be as simple as “the wind blowing in a different direction”.
· Temperature
· Humidity
· Wind
· Surroundings (mitigation if there is a blast structure built around ground zero)
· Overall weather
· Measurement methods (Different brands of decibel readers)
· Charge size
· Locations (open area trials sites/enclosed trials sites)
· Type of Explosive (PE vs C4)
12. [bookmark: _Toc131008726]Acoustic Noise sensors
Nor sonic sensors where recommended to the author by an acoustic modelling team, however these were provided by an external company due to the acoustic team not being able to supply these due to current work load. [12]

The specifications for the norsonic Acoustic sensors are as follows:
· Statistics - Ln values - 0.1, 1, 5, 10, 50, 90, 95 and 99 % levels
· Selectable Statistics - free selection of Ln value with 0.1 dB resolution
· Level v time - electronic level recorder - various parameters and extensive period selection
· Parallel Measurements - Fast, Slow and Impulse
· Parallel Measurements - SPL, Leq, Lmax, Lmin, SEL and Peak levels
· Advanced L(t) - A and C weighted parameters, plus markers to highlight events with parallel time constants
· Extended memory - 250,000 values or more than 1,400 measurements
· RS-232 interface - for printer and PC use
· Large graphical display for L(t) and tables of results
· Pause with option to delete previous 10 seconds before continuing
· Detachable preamplifier for use with extension cables
· All meters, and calibrators are delivered with calibration certificates.

Once the author had received the acoustic sensors the calibration certificate was checked to ensure the calibration was in date prior to using. The sensor was delivered with a microphone a preamplifier, batteries and a windshield protector. Also included in the case was the Nor1020 software and cable to be able to convert the data which can be found further into this report. [12]
.
The nor116 sensor carries out a time function analysis. Having the ability to use this functions it means it is able to obtain slow as well as fast impulse measurements. The values that the sensors capture and a description are as follows: [12]

13. [bookmark: _Toc131008727]LEQ 
The Leq or Equivalent Continuous sound level which receives and process the background noise when the acoustic sensor is being used.  [12]
The nor116 sensors allows for fluctuations these fluctuations are stored within the internal memory of the sensor and once all of the measurements are collected it will then calculate the ‘average energy’ or LEQ value. The meter will convert the decibel value to sound pressure levels. Once this is done the sensor will then add the values together and then divide them by the number of samples that have been collected and will then finally convert this data back to decibels. [12]
This is where the Leq or equivalent continuous sound level meter comes in. This meter faithfully follows all the fluctuations, stores them in the machines internal memory and at the end of the measurement calculates an 'average energy' or Leq value. When we say average, this is not a simple arithmetic average because we are measuring in decibels which are logarithmic values. So our meter converts the dB values to sound pressure levels, adds them all up then divides by the number of samples and finally converts this equivalent level back to decibels. [12]
A high specification Leq sound level meter samples and will capture the noise levels at a rate of 16 samples a second.
Using this information this means the sensors that are used will collect 57600 samples in an hour. The calculations for this are as follows.

14. [bookmark: _Toc131008728]Lmax
The Lmax is the maximum sound level, during the period of measurement and noise event. [12]
15. [bookmark: _Toc131008729]Lmin
The Lmin is the opposite of the Lmax and is the minimum sound level acquired during the period of measurement and sound event SEL. [12]
16. [bookmark: _Toc131008730]SEL
Sound exposure limit or (SEL) is the number equivalent of the total sound energy.  For example a noise level of 70 dba lasting 1 second would have a SEL of 70 dba, however if the event lasted for 2 seconds this would then have a SEL of 73 dba. [12]
17. [bookmark: _Toc131008731]Peak
For a true peak value to be measured the acoustic receiver will need to be equipped with a peak detector, for the data to be obtained and analysed this would need to respond in less than 100µs (100 microseconds). However the response time for a class one meter is only 40µs (40 microseconds). [12]

18. [bookmark: _Toc131008732]Paper work 
During the planning and organisation of the experiment the author was involved in the writing and reviewing of both the trials plan and risk assessment paper work, specifically the instrumentation for data retrieval as well as the arena section regarding the set-up and safe systems of work and the techniques and disciplines that will be used to conduct this experiment.
The author engaged with the trials manager who was requested by the author this is due to the author’s company’s policy and procedural requirements to have a trials manager associated to the trial.
Once the Author and the trials manager had established an authorised the correct safe systems of work a full review was carried out including members of the health and safety committee to achieve final sign off.
Once this sign off had occurred the paperwork was then submitted to the Trials conducting officer to formulate a Trials permit and submitted to the Authors management chain for approval and sign off. This is required prior to any task associated with the authors experiment can be carried out. 
19. [bookmark: _Toc131008733]Trials plan Amendments

Additional information for control measure for hot weather conditions:
· A heat illness checklist has been completed and the work rate has been scored as a - Low rate task with occasional Medium activities. A WBGT will be used to monitor the temperatures if they are close to the Index upper limit as detailed in the company’s heat illness guidance document.

· Plenty of water will be available on site and regular breaks will be taken in the shade during hot spells 

· Only high voltage firing packs to be used, low voltage will not be present.

· Fire risk due to hot weather- due to the increased temperatures on range the risk of fire is higher than normal. Mitigation on this within this trial is that the firings will be bare charge so no hot fragment risk, firings will be carried out in the middle of hard target and there will be a water bowser present on site during firings.
20. [bookmark: _Toc131008734]List of Equipment 
Instrumentation
· Nor 116 Precision sound Analyser- Class 1
· Delboy Laptop
· Reynolds high Voltage firing pack
       Energetics 
· Plastic Explosives (PE8)
· RP83 High Voltage detonators
      Consumables 
· Wooden Hangman 
· Tape
· String
· Sandbags
· Infrastructure 
· Trials site
· Firing point
      Software 
· Nor data recording conversion software

21. [bookmark: _Toc131008735]Trials Plan 
For this experiment the author composed a trials plan which explains the aims that the author wanted to achieve as well as all relevant safety information and a chain of command that highlighted the personnel on the experiment and what their roles would be.
A risk assessment was also authored that included all the hazardous associated with the task as well as any slips, trips and falls related risks all the way through to the hazards surrounding energetic materials. The trial was conducted on a Trial site where the author works and has previously carried out energetic work, which in the past has had meteorological data and negative noise forecasts effect and impact previous work. 
The trial site that was used for this experiment is an open area concrete pad which allows the acoustic effects from a blast to travel towards the acoustic sensors without the interference of objects buildings and other landscape restrictions. During the firings the charge was located in the centre of the pad away from the over shadow off the control and allow for the prevailing air flow that is natural to this site carry the acoustic waves during the firings. 
The experiment that the author carried out had two types of charge testing configuration, the first configuration was were the PE8 was placed horizontally at ground level on the pad with a sand bag protecting the pad this replicated firings that had been carried out in the past at ground level. 
The second configuration was at the height of 600mm above the ground hung from a wooden hangman with the PE8 strung horizontally in a cradle formation this is due to firings being carried out a minimum of 600mm high so this replicated firings that would be carried out using pendine blocks underneath charge stands. 
For the 600mm high charge configuration a wooden hangman was used due to the cost of pendine blocks it wasn’t a viable option to use these during the authors experiment. The wooden hangman were surplus to a previous package of work so these were readily available to the author. 
22. [bookmark: _Toc131008736]Firing Order
	Charge size
	Charge Height

	500 grams
	Ground Level

	500 grams
	Ground Level

	500 grams
	Ground Level

	500 grams
	600 mm above ground

	500 grams 
	600 mm above ground 

	500 grams
	600 mm above ground



	Charge size
	Charge Height

	1 kilograms
	Ground Level

	1 kilograms
	Ground Level

	1 kilograms
	Ground Level

	1 kilograms
	600 mm above ground

	1 kilograms
	600 mm above ground

	1 kilograms
	600 mm above ground



	Charge size
	Charge Height

	2 kilograms
	Ground Level

	2 kilograms
	Ground Level

	2 kilograms
	Ground Level

	2 kilograms
	600 mm above ground

	2 kilograms
	600 mm above ground

	2 kilograms
	600 mm above ground



23. [bookmark: _Toc131008737]Firing procedure
Below is the following firing procedure that will be carried out and executed during the activities of this experiment.
During firings, all personnel will be under hard cover in the Hard Target control room, having followed the firing procedure below:
· The Technical Lead/TM will ensure all data recorders are set up and working correctly.
· The assembled charge will be brought out for placement by the TCO.
· The Technical Lead or TM will go under cover after taking an image of the charge placement.
· When all staff are under cover, the safety link will inform the TCO via radio link.
· The TCO will place the detonator in the bare charge and take the final image of the charge prior to returning to the control room.
· The TCO will initiate the charge from the firing point in the control room.
· One charge has been initiated, the TCO will inform range control of the time of firing and charge size.
· The TCO will then clear the test area, allowing all staff to re-enter the area.

24. [bookmark: _Toc131008738]Misfires
In the event of a mis-fire during the firing the following procedure will be adhered to in line with the company’s policy.
· TCO will have direct control over the handling of any misfires. 
· In the event of a misfire, at the discretion of the TCO, a second attempt may be made to initiate the device. If this fails, the TCO will inform range control that a misfire has occurred and ensure that all personnel remain under cover for 30 minutes.
· If still stable after 30 minutes the TCO will advance and check energetic materials and firing area.
· TCO will give the all clear only when they are satisfied that the misfire is stable and no further reaction is likely. TCO will then remove misfired item before allowing Trials staff to enter the firing area. 
· The trials team and any visitors must obey all instructions and will only break cover once the all clear has been given by the TCO.



25. [bookmark: _Toc109390290][bookmark: _Toc131008739]Data

Twenty four tests were carried out during the experiment, the tests were named shots for the purposes of working procedure and internal paperwork. 
	Date
	Shot Number
	Charge Size
	Charge Height
	Firing Time

	18-07-2022
	Shot 1
	500 grams
	Ground
	10:53

	18-07-2022
	Shot 2
	500 grams
	Ground
	11:07

	18-07-2022
	Shot 3
	500 grams
	Ground
	11:16

	18-07-2022
	Shot 4
	500 grams
	600mm Above Ground
	11:30

	18-07-2022
	Shot 5
	500 grams
	600mm Above Ground
	11:44

	18-07-2022
	Shot 6
	500 grams
	600mm Above Ground
	11:57



	Date
	Shot Number
	Charge Size
	Charge Height
	Firing Time

	19-07-2022
	Shot 7
	1 kilogram
	Ground
	10:21

	19-07-2022
	Shot 8
	1 kilogram
	Ground
	10:37

	19-07-2022
	Shot 9
	1 kilogram
	Ground
	11:04

	19-07-2022
	Shot 10
	1 kilogram
	600mm Above Ground
	11:31

	19-07-2022
	Shot 11
	1 kilogram
	600mm Above Ground
	11:48

	19-07-2022
	Shot 12
	1 kilogram
	600mm Above Ground
	11:58



	Date
	Shot Number
	Charge Size
	Charge Height
	Firing Time

	20-07-2022
	Shot 13
	500 grams
	Ground
	12:17

	20-07-2022
	Shot 14
	500 grams
	Ground
	12:26

	20-07-2022
	Shot 15
	500 grams
	Ground
	12:37

	20-07-2022
	Shot 16
	500 grams
	600mm Above Ground
	12:48

	20-07-2022
	Shot 17
	500 grams
	600mm Above Ground
	13:00

	20-07-2022
	Shot 18
	500 grams
	600mm Above Ground
	13:14



	Date
	Shot Number
	Charge size
	Charge Height
	Firing Time

	20-07-2022
	Shot 19
	2 kilogram
	Ground
	14:33

	20-07-2022
	Shot 20 
	2 kilogram
	Ground
	14:43

	20-07-2022
	Shot 21
	2 kilogram
	Ground
	14:53

	20-07-2022
	Shot 22
	2 kilogram
	600mm Above Ground
	15:08

	20-07-2022
	Shot 23
	2 kilogram
	600mm Above Ground
	15:21

	20-07-2022
	Shot 24
	2 kilogram
	600mm Above Ground
	15:34


26. [bookmark: _Toc131008740]Local Met Data VS Larkhill Met Data
In this section the Meteorological data that was obtained during the trial will be displayed to enable a visual understanding of the difference in data between the two sites to support and back-up that the Met data used from Larkhill to gain the noise forecasts for this trial site isn’t sufficient for the use by the end user. [2]
Located on the trial site is a met station called Davis met station this is used to give a local measurement of the met conditions it offers data for the following:
· Temperature
· Humidity
· Pressure
· Wind speed
The data samples were taken from the digital display prior to the firings being carried. [13]
Larkhill’s met data for the times of the firings have been included this allows the opportunity to see the difference between where the noise forecasts are predicted vs the area that the firings are being carried out in. These results will be analysed in the discussion section of this report.
The following data tables are for the firing days consisting of the 18th, 19th , and 20th of July and the each table is broken down into Larkhill’s Met data and the Met data taken from the trials site met station. [2] [13]
[bookmark: _Toc131008741]Met data for the 18-07-2022
	Meteorological data
	Davis Met station

	Temperature
	27 °C

	humidity
	45%

	Pressure
	1002.0mbar

	Wind speed
	11kmh-1 South East



	Meteorological data
	Larkhill data

	Temperature
	28 °C

	Humidity
	45%

	Pressure
	1020 mbar

	Wind speed
	3.70 kmh-1  South



[bookmark: _Toc131008742]Met Data for the 19-07-2022
	Meteorological data
	Davis Met station

	Temperature
	28°C 

	Humidity
	32%

	Pressure
	996.2mbar

	Wind speed
	5 kmh-1  South 



	Meteorological data
	Larkhill Met data

	Temperature
	33 °C

	Humidity
	36%

	Pressure
	1012mbar

	Wind speed
	7 kmh-1  South East



[bookmark: _Toc131008743]Met Data for the 20-07-2022
	Meteorological data
	Davis Met station

	Temperature
	20 °C

	Humidity
	83%

	Pressure
	998.3mbar

	Wind speed
	14 kmh-1  South


	Meteorological data
	Larkhill Met data

	Temperature
	18 °C

	Humidity
	85%

	Pressure
	1012mbar

	Wind speed
	4.98  kmh-1  West North West



27. [bookmark: _Toc131008744][bookmark: _Toc109390291]Noise data results
The results were plotted in Microsoft Excel using the scatter graph function and a linear line of best fit, the resulting graphs can be seen
LOCATION ONE
19/07/2022
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Figure 5-Location one sensor read out
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Figure 6- Overall graph




Figure 7- Breakdown of shots

Figure 8-Breakdown of shot

Figure 9-Break down of shot

Figure 10-Breakdown of shots


Figure 11-Breakdown of shot

20/07/2022
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Figure 12- Main results
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Figure 13-Main results graphed

Figure 14- Breakdown of shots

Figure 15-breakdown of shots



Figure 16- Breakdown of shots


Figure 17-breakdown of shots

Figure 18- Breakdown of shots

Location 2
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Figure 19-Location 2 main overview

Figure 20-Location 2 all shots over view

20/07/2023
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Figure 21-Main overview of sensor

Figure 22-graphed shots
Location 3
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28. [bookmark: _Toc131008746]Analysis

From the data that has been received during this experiment it has given further thought of more investigation as to whether the modelled forecast using the meteorological data from the Met office is reliable.
The sensors that were placed at location 1 and location 2 were set-up to take a sample every 60 seconds during the time period that was selected. These time periods and samples have now been broken down into the firing times and graphed above for location one and two.
The sensors were placed on the red boundary line of the noise forecasted model which was forecasted to be 129dB during the firings. The predicted noise was not reflected in the results as the resultant figures that were obtained are considerably lower than that of the maximum predicted sound.
[bookmark: _Toc109390292]The sensor that was placed in location 2 would have been more likely to have received a higher peak pressure due to the wind direction during the firings.
Due to instrumentation failure the sensor that was positioned at location 3 only collected 26 samples in the two hour firing window. The max peaks that can be seen above in the data lists do not equate to the firing times during this experiment. Therefore this sensor has provided no data that can be analysed.

29. [bookmark: _Toc131008747]Discussion

Post the experiment has led to further brainstorming on different ways the experiment could be carried out in the future, by using lessons learned from the experiment the author has come up with additional ideas for the experiment.
These lessons learned are reflected below and broken down into sections with further descriptions on why these could and would improve the experiment.
[bookmark: _Toc131008748]Failed sensor
Post this experiment it was found that the sensor that was positioned at location three failed during the experiment. 
These sensors were deployed on the given boundary and were left during the two hour firing window, this meant that due to the time constraints with the firings this information regarding the failed sensors wasn’t found out till after the experiment had finished.
There are multiple reasons as to why this sensor has failed the main reasoning for this is the sensors wasn’t correctly set-up in the run time to take measurements.
[bookmark: _Toc131008749]Increase data set
Further testing is required to increase data sets and gain a more reliable set and comparable data. The testing carried out was done so as a primary output to ascertain whether future experiments would be beneficial to support this test. Any further testing should be carried out as a standalone event to allow for more tests specific to the hypothesis to be attained.
[bookmark: _Toc131008750]Temperature 
Tests were carried out on an outdoors range area during a heat wave. On the test days the firings were out in a 2 hour noise window in the morning due to there being restrictions imposed on the range do to the unforeseen high temperatures. This may have had an effect on the acoustic recordings due to the meteorological conditions being abnormal to the conditions normally seen in this country as well as at this trial location.
[bookmark: _Toc131008751][bookmark: _Toc109390293]Improvements to instrumentation 
Several improvements to instrumentation and measurement techniques were and have been identified during the post-trial discussions that have been held since the firings were conducted.
Further investigations would need to be carried to determine if the Met data that was collected from the trials site is different to that taken from the site of where the noise forecasts are issued.
It was found during the first set of firings the acoustic sensors were not as described by the company that provided them as they need to be programmed and set up for a continuous runtime. However following this issue it was spotted prior to the next stage of firings so this doesn’t reduce the possibility of lost data on further testing.
During the data analysis stages it was found that the acoustic sensors compressed to the sound that it recorded during the firing event which doesn’t give a true to form result. 
Other acoustic sensors to consider using are:
· Resistive microphones
· Fibre-optic microphone
· Piezoelectric microphones
· Electret Microphones
· Solid-state Acoustic Detector
[bookmark: _Toc131008752]Trials design improvements 
It was identified that if future experiments are carried out then an interest should be taken in the use of different explosive material. 
It is recommended that future experiments should be conducted at various times of the year to obtain and data that can compared to different meteorological conditions with a wider variety such as:
· Cloudy day
· Wet day
· Windy day
· Variations of temperatures
For a more accurate modelled noise forecast the author would have liked to have inputted the data that was obtained from the trial site however due to time constraints and other work packages the author was working on this was unachievable.
30. Conclusion 
A work based project was successfully conducted to be able to obtain acoustic noise data during energetic firings. From the data that has been obtained it can be noted that there is a difference between the modelled noise predictions and those that were obtained during real time firings.
With these parameters it is possible to make some direct comparisons with other explosives to predict relative explosive power, gas production and TNT equivalence. Compared to other explosives such as TNT, C4, PE4 and RDX the material PE8 is found to be equivalent to RDX which is PE8’s main component [3].
The trial was conducted during an unusually hot spell which is not a true representation of the trial site that was used. This heat wave would have had an effect on the results obtained due to the atmospherically 
PE8 was used during this experiment the author would have liked to achieve a wider data set using the following energetics:
· C4
· Rocket propelled grenades
· Pyrotechnic composites
· PE7
· HME Mixes
However due cost and time constraints this was not achievable this time round. By carrying out more firings this would support and provide evidence that the meteorological data taken from the trial site would need to be communicated to the Met office to give a true representation of the conditions at the trial site rather than the data obtained from the met office location being used.
By doing this it would improve the validity of the acoustic noise plots and the reliability of the acoustic forecasts.
Further research and work should be undertaken using a broader spectrum of acoustic noise sensors to provide a more stable and comparable data set. 
The wooden hangman that were used for the firings worked well however due to the energetic properties they were destroyed after every shot which would add additional cost to the experiment, so in future if this work was to be further explored a recommendation to find a more suitable way of holding the above ground charge would need to be found.

31. [bookmark: _Toc131008753]Self-reflection
[bookmark: _GoBack]Upon reviewing the data obtained and reflecting on the way the project ran from cradle to grave, the author has time to reflect and come up with suggestions and recommendations that could be used if the work was carried again to be able to achieve a wider and more complex understanding of how acoustic noise modelling works.
Prior to the start of the experiment the author had clear aims and that he wanted to achieve during this project. However once the project had started there were certain aims and ideas that the author would not be able to complete due to circumstances outside of his control which have previously been highlighted in the discussion section of this report.
The project itself during the planning stages met all timed deadlines that the author had set and that all paperwork was authorised in good time prior to the experiment taking place, the delivery of the experiment did slip by a week this was due to the acoustic team within the organisation being unable to provide acoustic sensors which had previously been agreed.
Following on from this the author looked to an outside supplier for the fire of the acoustic sensors which were recommended and once a suitable provider was found there was a five day turn out from hiring to delivery.
The charge configuration was carried out by the Trials conducting officer the author would have liked these charges to have been moulded together to ensure that there was maximum contact between all energetic material during the firings.
The first set of 500 gram shots no data was achieved to the sensors not having the correct configuration which was down to the author not fully understanding the workings of the sensors and a communications issue between the author and the company that was used for hiring.
After the first set of firings the author set and run the sensors to cover the two hour noise window and set the run time to cover any additional issues that may have occurred during this window.
By setting the run time for this period this then meant the author had a considerable amount of data to work through up analysis which has hindered the findings of more reliable data.
The data that the author has obtained during this experiment would require further exploration into this subject due to the sensors compressing the acoustic noise so there isn’t a clear definition between the modelled data and the author’s data.
What can be highlighted from this experiment that there is a clear difference between the met data that is used at Larkhill and the difference of the data that was collected from the trial site prior to the firings being carried out.
Given the author formulated the project proposal as well as the delivering the project whilst executing the required safe systems of work required and formulating the project report this is in the authors eyes a completed development opportunity and a successful ending to nearing the finish of the five year OME degree. 
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32. [bookmark: _Toc131008755]Abbreviations
PE- Plastic Explosives
TCO- Trials Conducting Officer
DB- Decibels
NEQ-Net Explosive Quantity 
Kmh-1-Kilometres per Hour
°C- Degrees Centigrade

33. [bookmark: _Toc131008756]Appendix

[image: ]
Figure 23 Local met station Stock image
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Figure 24 Black circles indicate the location of Acoustic Sensors
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Figure 25 Charge set up for 500g firings
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Figure 26 Configuration for 500g hanging charge
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Figure 27 Configuration for 1 kilogram ground firing
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Figure 28 Configuration for 1 kilogram hanging charge
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Figure 29 Configuration for 2 Kilogram ground Charge
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Figure 30 Configuration for 2 kilogram hanging charge
[bookmark: _Toc131008757]Heat Illness checklist
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Figure 31 Heat Illness checklist Page 1
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Figure 32 Heat illness checklist Page 2
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Figure 33 Heat illness checklist Page 3
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Figure 34 Heat Illness Page 4 
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Figure 35 Heat Illness Page 5
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Figure 36 Heat Illness Page 6
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Figure 37 Stemming Document front cover
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Figure 38 Stemming document Page 2 and 3
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Figure 39 Stemming document Page 4 and 5
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Figure 40 Stemming document page 6 and 7
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Figure 41 Stemming document 7 and 8
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Figure 42 Stemming document pages 8 and 9
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Figure 43 stemming document pages 10 and 11
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Heat lliness Checklist Major project - Word

Heat lliness Checklist — OME Major Project, 18th — 22ndth
July 2021 Dstl/DOC141999

Purpose
The Heat lliness Checklist (an adaptation from Annex A within JSP 539 Part 2 Vol 3.1 Feb 19.), is to be

used in conjunction with the Heat lliness Prevention and Management Guidance, as part of a Heat IlI-
ness Risk Assessment, and has been developed to help manage real time activities. When determining

the maximum work rate of the activity, utilisation of the Wet Bulb Globe Thermometer (WBGT) Index ta-
ble (Table 2) in the checklist is mandatory. It is also essential to identify a temperature where it is no

longer acceptable to continue the activity

Risk Factor Results Guidance Notes/Control Measures
1 Maximum Work Assessment of the maximum | Work rate mostly Low but
Rate Low work rate should take occasional Medium tasks

account of the available time, | performed.

What is the Medium

maximum work loads carried and previous

L Type here to search i W Associated Doc B wer w3 Major Projectre.. W3 UNIFMP Repor.. = W3 Heat liiness Che. og xJ
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What individual risk factors
are present in personnel;
individually and as a group?

Risk Factor Results Guidance Notes/Control Measures
rate of the planned High activity. The higher the work
activity? rate the greater the risk. See
Very High Table 1 for maximum work
rate examples. Ensure all
Extreme personnel are rested and
recovered.

2 | Duration of Activity | .30 mins Environmental conditions Trials activities will run
Whatis the (including consideration of from 0900 - 1600.
planned duration of <1hr time of day) may change
the activity? over the duration of the

<2hrs activity. Extension of the
lanned activity requires a
>4hrs X P v req §
review. Longer duration
activities have higher risk.
3 Individual Risk Yes X | Are any of the participants in | Smokers,
Factors the activity subject to the Overweight,
No individual risk factors
detailed in Table 3 - Dehydration
Individual risk Factors? Sunburn

Poor nutrition

Screen 2 of 14
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Risk Factor Results Guidance Notes/Control Measures
4 Casualty Yes [ | Is there adequate medical Normal Range procedures
Response support and a robust apply, First aiders will be
No evacuation plan? First on site and first
responder available? OHS | responders will be on call.
manned and open? Early
recognition and treatment is
critical in the response to
heat iliness. Please see
Annex A and Annex B.
5 Preparatory Yes [X | Are participants sufficiently Yes —A safety brief will be
Education aware of heat illness? given regarding heat
No Knowledge of risk factors, illness.
signs and symptoms will
encourage early
identification.
6a | Environmental Yes X | Met Office website should Range gets daily Met
conditions provide an accurate forecast | Office forecasts, backed
Has an accurate No for the location of work. up by continuous
weather forecast monitoring of Met Office
been obtained? website data for SP4 0JQ
Weather forecasts are also
acquired ahead of the trial
via the JMOC website in
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L Type here to search

w3 Major Project re.

W5 UNI_FMP_Repor

W3 Heat lliness Che.

0%

- ]

1412
26/03/2023

B




image22.png
Risk Factor Results Guidance Notes/Control Measures
recognition and treatment is
critical in the response to
heat iliness. Please see
Annex A and Annex B.
5 Preparatory Yes [X | Are participants sufficiently Yes —A safety brief will be
Education aware of heat illness? given regarding heat
No Knowledge of risk factors, illness.
signs and symptoms will
encourage early
identification.
6a | Environmental Yes X | Met Office website should Range gets daily Met
conditions provide an accurate forecast | Office forecasts, backed
Has an accurate No for the location of work. up by continuous
weather forecast monitoring of Met Office
been obtained? website data for SP4 0JQ
Weather forecasts are also
acquired ahead of the trial
via the JMOC website in
accordance with JSP 375
chapter 41
6b | Establish WBGT Yes [X | See Table 2 - WBGT Index | Upper work temp of 26-32¢
Limits. The WBGT Index (task dependent) will apply
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used? Can the dress state
be modified to prevent heat
gain and improve heat loss?
Where this is not possible
then the WBGT Index upper
limit should be reduced by
5°C WBGT.

Risk Factor Results Guidance Notes/Control Measures
Index upper limit No upper limit takes account of | and this will be monitored
for the personnel site specific climatic by the TCO
undertaking the conditions. Consideration For days that the met
activity. should be given to forecast the temp to
Does the WBGT differences between the exceed or be close to the
Index exceed the WBGT reading site and the upper work temp above
upper limit? 10Pography and geography | L BT will be used
where the activity is planned.
and the temps will be
monitored and recorded
by the TCO. Sufficient
breaks out of the sun will
be taken.
Dress for Activity Yes Is PPE or CBRN equipment | Normal work clothes for
that may significantly reduce | Range ops worn, plus sun
No heat loss being worn or hats and sunscreen

(personal choice) No
RPE/PPE required.
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Water Intake for
WBGT Vs Activity

Level.

rapidly and will increase the
risk of heat iliness,

20-24.9°C Low 0.25 L/hr,
Med 0.5 L/hr. High 0.75 L/hr

25-26.9°C Low 0.5 L/hr
Med 0.75 L/hr. High 1.0 L/hr

27 -29.9°C Low 0.5 L/hr
Med 1.0 L/hr. High 1.25 L/hr

Danger of over-hydration. —
The hourly rate of fluid intake
must not normally exceed

1.5 litres per hour.

Risk Factor Results Guidance Notes/Control Measures

Water Intake Yes Has sufficient drinking water | Lots of cooled and

Recommended been planned for? ambient water available
No Dehydration can occur for drinking. Personnel

will be prompted by TCO
and TM to take regular
breaks and drink water

throughout.
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CBR Division

Management Authorisation
Name Jo Miles

Standard Operating Procedure
Signed

A
Explosive Handling and
Charge Preparation in Date 2410612022
Support of Trials

ocument Reference: pr3os Version: 2

e date: 12/07/2022 Review date: 12/07/2023

uthor: scottLing
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1.Introduction

Table of Contents
1.Introduction This procedure details the method for the stemming of charges
2.Scope with the following explosives:
3.Responsibilities * £E§

L]
4.General Health, Safety and Environmental Precautions « PE4
5.Equipment and Consumables o PE6
6.Procedure o C4

¢ SEMTEXH

7.Associated Documentation « SX2/ SX4 (Sheet Explosives)

Summary of Revisions

Appendix A (if required) Explosives can be stemmed into plastic, aluminium, steel or
cardboard (compatibility with the charge case must have been
confirmed as suitable prior to filling)

Suitable facilities to conduct the preparation of Explosives and
stemming of charges are detailed as;

o Dstl Energetics Enclosure (EE) a booking request must be
submitted to the EE and a appropriate room will be as-
signed.

« Range explosive mobile prep rooms (assigned to the com-
mon trials areas)

o Fixed licenced explosive prep room at OP13 (temp/humid-
ity controlled)

L Type here to search D w3 Major Project re. EQ or. w3 PR308 Explosive.
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2.Scope

This procedure is applicable to any member of Dstl staff who
has been suitably authorised and is deemed competent to carry
out the above operation;

e RTO category 1 licence holders

o Staff enrolled under the OME apprenticeship

e Magazine workers

e Explosive Substances Articles (ESA) NOS holders as ap-

pointed by their TL

Assurance of the compatibility of explosive and inert materials,
including adhesives, must be obtained from the Trials Manager
(TM) or Project Manager (PM) before any stemming takes place.
Compatibility must also address the potential contact of adhe-
sives with explosives during curing.

3.Responsibilities

The TCO/TM or their appointed member of staff will give a brief
to all those assisting in the task, this should cover;
e Confirm people are content with the emergency procedures
for the area being used (EE or Range area)
o Task Brief
o Safety considerations when handling explosive articles

L Type here to search

Importance of recording weights/ammounts used
Completion of accounting paperwork

Cleaning of area/tools post filling

Repackaging of filled charges

4.General Health, Safety and Environmental

Precautions

Before any attempt to proceed with this process, the personnel
involved must ensure that the activity is covered by a suitable
and sufficient SSOW, liaising with other groups/contractors who
may be involved, as necessary.

SSOW documents can include;

Trials specific RiskAsssesment (RA)

Generic EAS handling RA

EE Activity plan

Documents detailed on the RTO Trials Permit

EE procedures

Nitrile gloves must be worn when handling bare explosives.

All waste generated during the filling process (nitrile gloves,
wipes, plastic wrappers from explosives etc.) must be stored in
RED explosive waste bags and disposed of in accordance with
the Waste Management Process.

w3 Major Project re. wl u or. w3 PR308 Explosive. M
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Any relevant requirements as listed on the Dstl Management
System under Working with Explosives must be met.

5.Equipment and Consumables

Tools maybe required to assist in the stemming procedure:
e Stemming stick (Delrin/Polyoxymethylene/Wood)
e Ceramic bladed knifes for cutting of plastic explosives
e Brush (soft bristle)
o Soft cloth

All tools and equipment detailed above must be non-sparking,
compatible and anti-static and approved for use in the EE.

6.Procedure

Before starting the operation, the chosen charge case must
be inspected to ensure that it is clean and free from grit or
other contaminants that could affect the safety of the stem-
ming operation.

o Weigh the inert components and make a record of the
weights pre-stemming.

If the explosive is cold or hard it should be kneaded by
hand until it is more malleable before stemming com-
mences.

e The stemming stick or sticks used to compress the plastic

L Type here to search

w3 Major Project re.

explosive within the charge case should be a loose fit so
that the stick cannot become stuck or jammed within the
charge case.

For large charge cases, increments of 50 to 100 g of plastic
explosive are taken from the bulk supply and inserted into
the charge case. Each increment is consolidated by com-
pressing within the container with a stemming stick or fin-
gers using only manual pressure (to ensure as far as possi-
ble that no voids occur). Continue with the increments until
the explosive has reached the desired height or weight. For
small charge cases smaller increments of plastic explosive
should be used.

When stemming long charges it may be impracticable to
carry out the procedure on the bench. Place a piece of flat
disposable material; for example strawboard will be placed
on the floor to protect floor surface of contamination. The
EE must be informed of the intention to fill tall charges on
the floor.

The charge case should be cleaned of any loose explosive
debris, especially on threads or areas that could be com-
pressed accidentally, using a cloth or brush. Alternatively
cover the threads with tape prior to stemming to prevent in-
gress of explosive into the them.

The completed charge case should then be cleaned exter-
nally with a cloth to remove any explosive debris, labelled
and stored until required. For storage timescales please re-
fer to the compatibility section in the trials plan.

wl u or. w3 PR308 Explosive. M
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o [f the items are to be stored for an extended period the EE
must be consulted and a custodian will be appointed and a
Competent Authority Document (CAD) must be completed.

e Clean all surfaces and place contaminated material/articles
in the bin provided, seal waste bags and mark with project
code.

7.Associated Documentation

http://ms/Processes/DEF/Explosives/Pages/step2.aspx

®

Summary of Revisions
Either state “First draft” or list the main changes since the previous version.
First Draft
Amendment - Additional information contained in Annex for sheet explosive cutting — 28/01/2022
(Author - D Maslowski) . . . .
Version 2- Annual Review New Group leader updated no further changes (Author-S Ling) Annex A — Additional information for a Sheet Explosive (SX2, SX4)

cutting procedure

Provide an assessment of whether face-face training will be required (select yes). IFthe change is minor then simply reading Location
uthseepmcess may be all that is necessary (select no). As a minimum all users must read and understand this document prior to Th|5 prOCeSS W|” be Completed in a prOCeSS room W|th|n the PTN Ener—
Retraining fequired: No getics Enclosure or in a dedicated explosive preparation room at PTN

Range trial locations, including OP13, OP15, Hard Target, BM21.

Equipment required
e Cutting surface e.g. cutting board / 3 mm rubber sheeting

L Type here to search Associated w3 Major Project re. W3 UNI_FMP_Repor. w3 PR308 Explosive.
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e Scalpels (ample supply of). Ceramic blades are also recommended
for most cutting surfaces.

o Acrylic (or otherwise inert) cutting templates, straight edges or forms
to provide the required shape(s).

o Cleaning materials — acetone and paper towels

o Digital IP-rated scales for weighing, to 0.1g resolution

o PPE - Nitrile gloves

o Additional anti-static wrapping or grease-proof paper for subsequent
packaging of processed sheet explosive

Process
e The TCO will prepare the work area to ensure it is clear of any unnec-

essary items and all required equipment is in place and ready for use.

o Waste disposal arrangements for any explosively contaminated items
and surplus off-cuts are in place, before work commences.

o Sheet explosive storage boxes will be opened and only the required
materials to be cut are removed and placed on the work surface, oth-
ers are retained in storage packaging.

o Make best (most economical) use of sheet explosive to minimise
waste.

o Avoid obvious defects in the sheet explosive such as tatty edges,
visibly squashed areas, or areas of discolouration.

L Type here to search

o Avoid having to join sheets of explosive, where possible.

o Use 45° cuts (as opposed to perpendicular cuts to the flat surface,
as used for making shapes) in the sheet explosive to create larger
surface area joints on sheet edges.

e The sheet to be cut will be weighed on the scales to confirm its mass.

e The sheet is returned to the cutting surface, the template or cutting
guide to be applied on top and the required shape to be carefully cut
out with a sharp scalpel or ceramic knife.

e When cutting around the perimeter of the cutting template take care
that the template does not slip or move.

o All off-cuts (arisings) must be gathered and retained separately.
Larger sections may be wrapped in protective sheeting, smaller sec-
tions and pieces into anti-static bags.

e The cut sheet explosive is weighed and its mass recorded.

e The cut sheet must then be properly re-packaged in grease-proof pa-
per, its new weight recorded on the packaging and then the pro-
cessed sheet explosive returned to the storage box/container.

o All off-cuts must be weighed and the mass recorded to tally up the

w3 Major Project re. wl u or. w3 PR308 Explosive. M
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excised explosive with the remainder of the cut sheet. disposal procedures via the EE or the Incinerator directly.

o Off-cuts must be properly packaged and the mass recorded on the
outside of the packaging.

e Packaged off-cuts are then returned to the original sheet explosive
storage box/container.

e Once cut sheets and off-cuts are returned to the original storage
box/container then the explosive auditing process should be com-
pleted, NEM recorded on the stack card and the box sealed with tam-
per-proof seals.

o Note - off-cuts generated by this process and any surplus sheet ex-
plosives no longer required should be disposed of during the trial ac-
tivity this cutting procedure was required for.

o Any templates/guides and process utensils required for re-use must
be cleaned with acetone and paper towels to remove any explosive
residues, which are then discarded into the explosive contaminated
waste stream.

o Discarded scaplels must be disposed of into a sharps container and
the container (once full) disposed of by Dstl standard explosive waste
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ETHICS FORM - OME STUDENTS ONLY
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 Frascali manual definition of research activity: “creaive work
undertaken on a systematic basis in order 1o 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 acivities undertaken by members of staff, postgraduate research students, and botn 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 [ Ful Name: Scott Ling
2| student Number 1810357
3 | Emai adoress. 1810357@student uvsd ac.uk
DAGOMR Ordnance, Muniions & Explosives (Technical Research &
4| Programme of Study. e

5 | Director of Studies/Supervisor: | Dr Steven Mosey

SECTION B: Internal and External Ethical Guidance Materials

Please TSt e core ethcal guidance documents thal Nave been referred 1o during e compieton or
s form (inclucing any discipine-speciic codes ofresearch ethics, location-specic gages of
research ethics, and also any specic ethical guidance relating to the proposed methodology).
Please tck o confirm that your research proposal adheres {0 these codes and guidelines. You may
add rows to ths table f needed.

UWTSD Research Ethics & Integrity Code of Practice. El
2| UWTSD Research Data Management Policy El
3 o

SECTION C: Details of Research Activity

Can the variations in weather affect the real time Noise results against
1 [Indicative title: | Modelled predictions?

Proposed start Froposed end
b |EE 3010212022 B 3010512022

Introduction to the Research (maximum 300 words in each section)

Ensure that you write for a Non-Specialist Audience when outlining your response o the three
points below:

« Purpose of Ressarch Activty

« Proposed Research Question

_Aims of Research Activity
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'~ Objectives of Research Activity
Demonstrate, biefly, how Existing Research has informed the proposed activity and explain

 What the research activity will add to the body of knowiedge
_Howit adoresses an area of importance.
Purpose of Research Activity

The s of tis projectis o compare reorded resulls fom sensors placed at various poiats around the range bousdary it

the predictons rom e Mat offce ¢ Ll The current predictons are caleulted 2 2 metres sbove ground leval

bowever 2 arge proportion o he firings caried ut o the range during il ae 2 hght of up to | metre above.

 sround, roumd level o burisd

3| The curent Monet foruula i unabletoprocess predictons for buried harges s thare willbe o Modslled data to runa
 omparison aganstfo the dsta obtained om:the sensors placed sround the Range.

Mot office weather oracast will be biained for theFrng days his will snable 2 comparson of data t be caried out o sse|

i ther s sny varisbles due tothe weather condifions.

Research Question

Can th varstons in westhe afect the rel e Noiasresltssgainst Modalled predictons?

[Aims of Research Activity

5 |Aims ofthe research activiy s to gain a better understanding of how metrological condtins afiect el ime

Objectives of Research Activity

The objectives of the research actviy i to see if the metrological conditions have an effect of noise
modeling forecast during explosive trials on the range.

Data from modelling will be compared with real time data collected from acoustic sensors placed out
on the range during explosive firings.

This data willbe compared vith that of the modeling data alongside investigating whether a change
inthe weather forecast has had any impact on the nase predictions |

Proposed data collection methods (maximum 600 words)

Provide a brief summary of allthe methods that may be used in the research activiy 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, addtional ethical approval for those methods will be needed.
You do not need to justity the methods here, but should instead describe how you intend to collect the
data necessary for you to complete your project.
Data vill be collected through High-speed camera software and noted onto a pre-formatied
spreadshest_Additional information shall be collected in logbooks to ensure all experimental system
;| measurements are accounted. Information such as lens aperture setting, serial number and focal
Tength shall be collected for citation in inal report.

tis o shouid expand a5 vou ype)

SECTION D: Scope of Research Activity
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Will the research actvity incluc Yes | no
1| Use ofa questionnaireor smiar research nstument? o=
2| Use ofintenviews? o=
3| Use ottocus groups? o=
4| Use of paricipant dares? olm
5| Use ofvideo o audio recorang? o=
6| Use of computer-generated log les? olm
7| Partcpant observation with hei knowleage? o=
o _| Paricpant observation wilhout their knowiedge? olm
o Access T prsonaro contaentaromatonviout e paripans sheeie | gy | g
consent?
<o | Adminisiation of any uesions, Test i, presentation ial may b -
experienced as physically menial or emtonally harmiul  offensive?
11| Performance of any acts which may cause embarrassment or affectselFesteem? | @ | B
12 | investigaton of partcipants invoived n llegal aciviles? o=
13 | Use of procedures that mvolve decepton? olm
14 | Administatio of any substance, agent o placebo? o=
15| Working with e vertsbrals animais? o=
16 | Procedures hat may have a negalve mpact o the envronment? olm
17 Other primary data collection methods. Please indicate the type of data collection
methods) below
Detalsof any ofr primary Gaia colecion metod
a ]
(i b shts s s o)
If you have ticked NO to every question then the research activity is (ethically) low risk and you may skip
Section E and continue o secton F
YES to any question, then no research actiy shouid be undertaken unti full ethical approval has been
obtaned
SECTION E: Intended Participants
Who are The Tiended paricipants
ves | wo
1| Students or stat atthe Universiy? o=
2| Aduls (over the age of 18 and competent o giv corsen)? olw
3 [ Vulnerabl aguts? olw
4 Children and Young People under the age of 187 (Consent from Parent, Carer or’ o 2
Guardian wil be required)
5 [ Prisoners? olw
5 | Young ofencers? o=
Page3ofs 31eswords ¥ & B - 1 +
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[ Those Who could be consigered o Have a pariculaly dependent relabonship wih |~ 1
the investigator or a gatekeeper? L]
& | Peaple engaged i lgal actvties? EREE]
Gihers_ Pleace indcate The partcpants below, and spechcally any Group Who
9 | may be unabie to ive consent.
Detals of any ofer paricipart G1oups o=
NA
i b i §
Participant numbers and Source
Provide an estimate of the expected number of participants. How will you identify participants and
how will they be recnted?
FHow many paricpants are | WA
10 | expected?
11 | Who i the partcipants be? | nia
1 | How will you identify the N/A
participanis?
Tiormation for participants:
ves | no | wa
+= [ VilTyou Gescribs Te mai research procedures 1 pariiipants o ol =
advance, o that they are informed about what fo expect?
14| Willyou tell participants that theirparticpation is voluntary? ool =
15 | Will you obtain written consent for participation? a =] =
<o [Wilyou explan T participants et refusalTo participate n e o o
research il not afectthir reatment o education (f relevant)? =
17 [ e research is abservational, il you ask partcpants for heir o ol =
consentto being observed?
7o | Wil you'ell patcipants hat hey may vinaraw from e ressarcnat |0 | gy | @
any fime and for any reason?
7o [ Wih questonnaires, il you g paricpants T opton of amiing s ol o
questions they do not want to answier?
20 [ Wil you el partcpants that ther data vill e Teated Wi ull o ol =
confidentialty and tha,f published. t il ot b identiiable 2 theirs?
1 | VAl you debrief participants at th end of et paricpation. navay |5 | @ | @
appropriate o the type of esearch undertaken”
22 [ 11NO to any of above questions, please give an explanation
“You shoud be @bl To ok VES for all of hese questons. 1ot Then expraim why ot s box
The proposal has no requirements for participants, only an investigator is required.
information for partcipants: = lmllm
24 | Wil participants be paid? o|lw| o
25 [ Is specialt electical o other equipment to be used with paricpants? | @ | ® | @
>6 | Are There any financil or ofer ferests o he Tvestgator o o =] o
University arsin from ths study>
Pagedors tsoworss [ = i +
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27 | Wilthe research aciviy invaive Geliberately misleading paricpants n | | o0 [
any wiay, or the partial or full concealment of the specific study aims?

28 | I YES to any question, please provide full details

You should be able 1o fick NO for most of these questions_For any cases that you have icked 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

‘Gutline any anficipated 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.

Risks to participants

4| For example: sector-specifc health & satety, emotional distress, financial disclosure, physical harm,
transfer of personal data, sensitive organisaiional information. If you have identified in section D

that there are no partcipants then enfer N/A and go skip to question 3

Risk {0 participants: Fow you wil migata e ok T paricpants

‘There are always risks. Do not write NIA unless

‘you have no participants. NA

‘This proposal has no participants. Only an "
investigator is required.

o shouts expang a2 vou type
If research actvity may include sensiive, embarrassing or Upseting Topics (e.0. sexual actvity,
drug use) or issues likely o disclose information requiring further action (e.g_ criminal activiy), aive.
| detais of the procedures to deal with these issues, including any supportiadvice (e.g. helpine

numbers) to be offered to participants. Note that where appiicable, consent procedures should
make it clear that if something potentialy or actually legal is discovered in the course of a project,
it may need to be disciosed 1o the proper authories

NA

3 | For example: personal health & safety, physical harm, emotional distress, risk of accusation of
harm/impropriety. conflct of inerest
Risk {0 the investigator: Tiow you wiliigate e 1ok T e vesigaio
Exposure to harmful Arificial Optical Radiation | Experiment wil be conducted remotely using
including Utraviolet lght, electronically activated shutters, controlied from
a separate room. Al light sources only be
operated within the opic lab when the door is
locked, and no persons are present within the
foom.

boxshos

University/institutional risks

For example: adverse publicity, financial loss, data protection

Risk o the Universiy Vo o i et e ko e Umvar

Risk of aaverse publy through njury o nvestgator il have completed relevant H&S

investigator due o ncorrect procedures coursed and be able o present documented
cerfication

Alltestng vl be done i accordance vith

relevant isk assessment and methods

statements signe of by al relevant authortes
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(b b shuid expan:
[ Environmentarisks
For example: accidental spilage of pollutants, damage t local ecosystems
Risk o he environment o ol it o ko e
Darage caued by n propet isposal of in'he event of battry acid eakagerspils work
Daterearhation oo wiltop immeialy batery placed in fame
proofbag and nto a metal container. Any spil
will e cleared up using the correctspill kit and
marked for disposal through the correct mean (
incinerator)
SECTION G: Feedback, Consent and Confidentiaity
Ifyou have identfied in secton D that there are no partcipans then enter skiptis section and cortinue fo
section H
T Feedback
What de-brisfing and feedback willbe provided to paricpants, how il this be done and when?
A
(1o shouid expan:
7 informed consent
Describe the amangements to inform potenta particpants, before provcing consent, of whatis
involved in participating. Descrie the arrangemen's for paricpants to provide full consent before
data collection begins. 1 gaining consent in hi way i inappropriate, expiain how consent will be
oblained and recorded in accordance with prevaling data protection legsiation
WA
(1o shuis expan
3 Confidentiaity  Anonymiy
‘el out how anonymity of parcipants and confidentialty il be ensured in any outputs If
anonymity is not being offered, explain why this is the case.
WA
sox shoutt xpana s
SECTION H: Data Protection and Storage
Does the research activity involve personal data (as defined by the General
Data Protection Reguiation 2015 “GDPR” and the Data Profection Act 2018 | YES | NO
“DPAY?
“Personal Gata” mears any nformalon raafig 1o 3 Gertiad or
identifiable natural person (‘data subject). An identifiable natural
Pperson is one who can be identified, directly or indirectly, in
barticular by reference to an dentifer such as & name, an
1 ldentication number, ocation data, an oniine icentier orto one or o | x
‘more factors specific to the physical, physiological, genetic, mental,
economic,cultral o socil dentiy oftht naturl person. Any
video o audio recorlngs of paricpants s considered fo be
personal data.
YES, provide a descrpton ofthe data and explain why this data needs to be colected
2
Does it involve special category data (as defined by the GDPR)? YES NO
“Special category data” means sensitive personal data consisting of
s tomation e o e it splecs
(a) racial or ethnic origin,
(5] il oimons. o | x
Page6of8 3166words [[% B B - 1 + 8%
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(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade
Unin ans Labour Relaton (Consaldation) Ac 1992,
(€) physical or mental health or condition,
(0 sexusl life,
(g) genetics,
() biometric cet (s used for 1D purposes)
TTYES. provide a descripton of the specal category Gata and explai why s Gata needs fo be
collcted
o |a
Wil Gata from fhe research acivity (colleciad dafa, drafts of e Thewis, o | VES | WO
materials for publication) be stored in any of the following ways?
5 | Manual files (i.e. in paper form)? = o
6 | University computers? o | o
7 | Private company computers? a o
& | Home of other personal computers? o | o
9| Laplop computers/ CDs! Portable disk-ives! memory sticks? ®m | o
10 | “Gloud” storage or webstes? o | o
++ | Other—speci: ==
For alsored Gata.explain The measures n piace 10 ensure the securty of he data colleted, Gata
12 | confidentialty, incucing detas of backup procedures, passWord protectin, encryption
anonmisalion and pseudonymisation
Al Gata il e stored on password protected Computer sySTemsMptops andior Encrypted FDD. A
he above-mentioned assets will remain on site within the enclosed area. * Allpaper assets
(logbooks) will be kept one site and stored within the local strong room (safe) under sign-for access
request
e enclosed area is a double fenced area located at the centre o the compariss main it and
maned 24ours a day by amed members of the MOD police
Data Protection
Willthe research actvty involve any of the following acties: Yes | o
13 | Elecironic transfer of data in any form? w | o
SFaring of Gata wilh ihers at the Urniversty outside of e immedite research
14 | team? a =
15 | Sharing of data with other organisations? =] =
16 | Export of data outside the UK or importing of data from outside the UK? a =
17 | Use of personal addresses, postcodes, faxes, emails or telephone numbers? a =
18 | Publicaton o data that might allow identficaton of ndividuals? 0| =m
1o | 11YES to any question, please provide ul delals explaning how s wll be conducted n
accordance with the GDPR and Data Protection Act (2018) (and/or any international equivalent):
Page7ore tsoworss [ = i +
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Al data shall be stored, iransferred, or fransporied on encrypied and/or passviord protected
devices in line with company policy. All USB sticks and HDD's will be signed out from the.
investigators local help point and wil only be gegessibly to the investigator

20

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

Tnvestigator

2

Tistwho vill have control of, and act a5 cUstodian(s) for, data generated by the research aciviy

Tnvestigator

2

Give details o daia storage afrangements, including security measures in place o profect the Gafa,
where data wil be stored how long for, and in what form.

Al data shall be collected and stored on a password protected work issued computer. This
computer will be signed out to the investigator at the beginning of the experiment and kept vithin
their local strong room (safe) when not in use. Data collected in logbooks shall be stored within the
investigators local strong room when not in use. All assets placed within the sirong room will equire
signing in and out ith proof of identification (unique staff serial number and photo id) required

2

Confitm thal you have fead the UWTSD guidance on ata management (see
ifps: /vy, uvisd ac uklibrary/research-datz-management) =

2

Confirm ihat you are aware tha you need (o Keep all data uniil afer your
research has completed or the end of your funding =

SECTION I: Declaration

“The informalion which | have provided i correct and complete 1o the best of my knowledge. | have
attempted to identily any risks and issues related to the research activty and acknowledge my
obligations and the rights of the participants.

In submiting this application | hereby confim that | undertake to ensure that the above named
research actvity will meet the University's Research Ethics and Integrity Code of Practice which is
published on the website: hitps //vww uwtsd ac uldresearchiresearch-ethics/

Date:1210112022
1 | Signature of applicant: | SLing.
S | Direcioror Date:
Studies/Supervisor:
3 | signature
FOR INTERNAL USE ONLY:
Ethical approval given
Date:
1 | Signature of assessor:
2 | Name:
3 | Roe
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Method

Any person using this procedure shall have had adequate training in the use and handling of
explosives and the techniques involved and shown themselves to be competent. They must
have a Certificate of competency [1] authorising them as being capable of carrying out this
work or work under the direct supervision of someone who has been deemed competent to
do so (e.g.a TCO or TM).

Before any attempt to proceed with this process the personnel involved shall ensure that the
activity is covered by a suitable and sufficient risk assessment [2], liaising with other

groups/contractors who may be involved, as necessary. The risk assessment must address,

as a minimum, the following risks, which have been identified with the process: (o)
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