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[bookmark: _Toc224046843][bookmark: _Toc224899220]Abstract 
This project investigates whether conditioning ammunition at extreme temperatures can reliably generate the 30% chamber‑pressure uplift required for proofing firearms in non‑CIP‑approved cartridges. The existing proof process for these cartridges relies on an un-scientific legacy method involving a 10% powder overload, which offers inconsistent results. The London Proof House sought a more controlled, repeatable technique, leading to the evaluation of extreme‑temperature conditioning as an alternative means of producing proof‑level pressures.
A wide range of commercial ammunition types and calibres were tested across temperatures from ambient to 120 °C, using the CIP pressure measurement method. Results showed that heating ammunition to approximately 110 °C reliably produced pressure increases comfortably exceeding 30% in all valid test cases, irrespective of calibre or whether the propellant was single‑base or double‑base. Although muzzle‑velocity uplift was recorded, it proved too inconsistent to serve as a guaranteed indicator of the required pressure rise. Several anomalies (such as temperature‑insensitive Federal .30‑06 and unusually large uplifts in .338 Lapua Magnum monolithic‑projectile loads) were analysed and attributed to drilling‑related propellant loss, projectile thermal expansion, or aged propellant behaviour.
The study concludes that temperature conditioning is a feasible, repeatable, and sufficiently reliable method for generating proof‑level pressures without requiring pressure barrels and load development. Recommendations include conditioning customer‑supplied ammunition (loaded with properly stored propellant and conventional bimetal bullets) at a defined temperature (approximately 110 °C) for at least one hour, and procuring a higher-performance conditioning oven. This approach offers a practical pathway for proofing non‑CIP‑approved cartridges.
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[bookmark: _Toc224046849][bookmark: _Toc224899226]1 - Introduction
[bookmark: _Toc224046850][bookmark: _Toc224899227]1.1 - Gun Proofing
Proofing is a process mandated by UK law. Any gun must be “proved” before it can be transferred or sold. In this process, in the case of a breechloading small arm, the cartridge headspace (CHS – the critical distance between the breech face and the datum diameter of the chamber) is checked, then two proof cartridges are fired through it which produce 25% over the maximum service pressure for the cartridge in question. The CHS is then checked again. If the firearm fails the headspace check post-proof firing, then it is deemed to have failed proof. If the firearm passes, marks denoting this are applied to key parts of the firearm and it is considered “proved” [1]. 
If a firearm is altered in such a way that the strength of a pressure-bearing part may be reduced (i.e. material is removed), it must be re-proved. 
The process of proof is governed internationally by an organization called the CIP (Commission Internationale Permanente pour l'épreuve des armes à feu portatives) – the Permanent International Commission for the Proof of Small Arms. There are 14 member states. Proof markings are recognised reciprocally between these countries [2]. 
The CIP is also responsible for standardising cartridge design – both dimensions and pressure – but there are examples of cartridges (some of which factory ammunition can be purchased for) that have not yet been “CIP approved”. Consequently, no maximum working pressure is published therefore proof ammunition cannot be developed.
The process of proof in the UK is governed by three statute Acts (1868, 1950, 1978), and the 2006 Rules of Proof which is a technical document. Section 26 and 27 of this document allows for the proofing of cartridges that do not appear in the CIP tables.  This is done by firing cartridges that are 30% above the mean service pressure [3].
[bookmark: _Toc224046851][bookmark: _Toc224899228]1.2 - Current Practice for Non-CIP Cartridges
Ordinarily the mean service pressure would be ascertained by firing not less than 5 cartridges in a pressure barrel and determining a load to give the 30% uplift. Unfortunately this is not always possible. Pressure barrels are extremely expensive, and in the case of very low volume/one-off cartridges (termed “wildcats”) – which are possible to self-develop with the requisite tooling and experience – manufacturing a pressure barrel that will only ever be used once is not financially viable. 
The current practice for cartridges (per discussions with David Miles, London Proof Master, 2025) such as these is to have the proof customer supply at least three loaded cartridges with the rifle when it is sent to proof. The technician breaks down all three cartridges and measures the powder load. An additional 10% powder is added (by weight) to two of the cartridges, using powder taken from the third. This is assumed to generate an additional 30% pressure. This is not a scientific assumption and from what can be ascertained, is simply a long-standing legacy practice. 
Consequently, the London Proof House wanted a better method of proofing cartridges like these. The Proof Master had learned about the heating technique on a visit to a foreign Proof House, though they declined to share the specific temperature they were heating the ammunition to – as such, this project was conceived. 
[bookmark: _Toc224046852]














[bookmark: _Toc224899229]2 - Aims and Objectives
[bookmark: _Toc224046853][bookmark: _Toc224899230]2.1 - Aim
The main aim of this report is to establish whether a specific temperature can be ascertained, that results in ammunition – when conditioned at this temperature – generating an uplift in chamber pressure of at least 30% over the pressure at ambient, for the purposes of proofing firearms with non-CP cartridges.
[bookmark: _Toc224046854][bookmark: _Toc224899231]2.2 - Objectives
The objectives of this project are given below:
· Objective 1: To establish whether the heating of ammunition to “extreme temperatures” (within a safe window) is feasible to generate such a degree of pressure uplift in the first place.
· Objective 2: To establish whether there is a “general rule” which can be applied across a wide variety of cartridges, to allow this method to be feasible across the small arms spectrum.
· Objective 3: To establish if an increase in muzzle velocity is an acceptable means of reliably determining that the required minimum 30% pressure uplift has taken place.
· Objective 4: To examine, if a “general rule” can be found, if it applies to both single-base and double-base propellants.
· Objective 5: To make recommendation as to whether this method should be considered a reliable method for the proof of non-CIP approved cartridges, where a specific load cannot be developed. 





[bookmark: _Ref224030088][bookmark: _Toc224046855][bookmark: _Toc224899232]3 - Literature Review
[bookmark: _Toc224046856][bookmark: _Toc224899233]3.1 - Temperature & Chamber Pressure
It is a widely known chemical fact that at higher temperatures and pressures, reactions occur faster. This is given in both the Arrhenius law (Equation 1) and Vielle’s law (Equation 2):
Arrhenius Law:

[bookmark: _Ref224739135][bookmark: _Toc224899151]Equation 1 - Arrhenius rate law [4]
Where:
k = reaction rate constant
A = pre-exponential factor
Ea = activation energy
R = universal gas constant
T = absolute temperature (Kelvin)
Vielle’s Law:

[bookmark: _Ref224739146][bookmark: _Toc224899152]Equation 2 - Vielle's law [5]

Where:
r = linear burn rate of the propellant
a = burn‑rate coefficient (material constant)
P = pressure
n = pressure exponent
Therefore, it follows that under higher temperatures, the burning (oxidation) rate of propellant is faster. A faster burn also results in higher pressures being developed – in turn, increasing the burn rate again. Under Vielle’s law, the burning rate r is dependent on the initial temperature of the propellant and the pressure in the chamber [6] – when the initial temperature is increased, the combustion duration is less, and peak pressure is higher [7] [8]. This is shown in Figure 1. It must be highlighted that different propellants will have different burn rate coefficients – as such, it is unlikely that any uplift found will be “universal” (i.e. the initial temperature that delivers a 30% pressure uplift in propellant A is unlikely to give an exact 30% uplift in powder B). This must be carefully considered while deciding if a single conditioning temperature is a viable recommendation to make. 
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[bookmark: _Ref224743269][bookmark: _Toc224899200]Figure 1 - Effect of initial temperature of propellant nucleus on burning rate and chamber pressure (A: 27°C, B: 50°C, C: -40°C) [8]
There is very little research on the effect of extreme temperature on chamber pressure of any gun system. The overwhelming majority of research “ends” at 71°C (160°F) or simply focuses on thermally-induced firing (cook-off). 71°C is the upper temperature limit for hot temperature cycles in both MIL-STD-810H and DEF STAN 00-035 [9] [10], and consequently there is no need for chamber pressure to be measured above this threshold as the ammunition will never be used above this temperature. As such, this literature review will primarily focus on existing literature on temperature and pressure.
One exceptionally interesting document discusses some ballistic abnormalities observed while firing 7.62mm ammunition containing NRN 41 propellant. The graph is shown in Figure 2:
[image: ]
[bookmark: _Ref223433970][bookmark: _Toc224899201]Figure 2 - Temperature vs pressure for NRN 41 propellant [11]
This shows that the propellant behaves normally in the expected -54°C to +54°C temperature range, but a sharp decrease in pressure is noted at +71°C. This is theorised by the writers to be due to the grain softening and the micro-perforations closing – leading to slower and less efficient burning, despite the higher temperature. The spike in pressure at extreme low temperature is due to propellant grains breaking up and the resulting increase in surface area resulting in an uncontrolled increase in burn rate and pressure [11]. 
This hypothesis is almost certainly correct - propellant grain is known (much like other materials) to become brittle in extreme cold conditions [12]. The result of impact testing is shown in Figure 3. Note that the rightmost grain has fractured, exposing considerably more surface area - including undeterred areas in the centre of the grain. Deterrent coatings are a ballistic modifier intended to control ignition and keep peak pressure to a reasonable level, particularly at shot start (it is undesirable to have the entire propellant bed ignite at once) – deterred parts of propellant have a low linear burning rate, whereas undeterred areas are subject to a comparatively higher linear burning rate [13]. Were a cartridge full of propellant in this state to be fired, it is likely that damage to the gun system and potentially injury to the firer would result.
[image: ]
[bookmark: _Ref224744822][bookmark: _Toc224899202]Figure 3 - Propellant grains before (L) and after Bruceton impact test (C: 21°C, R: -54°C) [14]
It is more likely than not, if an additional impact test was conducted at +71°C, the result would simply be a flatter grain due to its further softening. 
Low temperature phenomena will not be discussed further in this report.
[bookmark: _Toc224899234]3.2 – Propellant Ageing – Stabiliser
All nitrocellulose-based propellants deteriorate as they age, principally due to the instability of nitrate groups within the polymer itself. These nitrate groups have low bond energy. When these bonds are broken, nitrogen oxides are released. Nitrogen dioxide is reactive and can catalyse an exothermic reaction that may lead to the self-ignition (if left unchecked) of the propellant itself [15]. Consequently, all propellants must contain a stabiliser. The stabiliser reacts with the nitrogen oxides (typically forming non-catalytic nitro derivatives), thus preventing the autocatalytic reaction provided enough stabiliser remains to be effective [16].
Once stabiliser is entirely consumed, an autocatalytic reaction begins and this can potentially lead to self-ignition. Stabiliser depletion rate is dependent on temperature. It is principally the stabiliser content that determines the life of a propellant. 
Using the single-temperature ageing equation given in AOP-48, the equivalent 10-year ageing time is given in Table 1 for a generic propellant [17]. The exact equation used will not be shared in this paper. 


[bookmark: _Ref224663114][bookmark: _Toc224899160]Table 1 - AOP-48 10-Year Ageing Times
	Temperature (°C)
	AOP-48 10-Year Equivalent Ageing Time (Days)

	52
	357

	60
	123

	71
	30.8

	80
	10.58

	90
	3.43

	100
	1.18

	110
	0.431 (10hrs)

	120
	0.165 (4hrs)


 
Due to different propellants having different activation energies, the figures in Table 1 are not exact, but instead broadly representative. It is not known whether this equation remains valid at an extremely high temperature (as temperatures in excess of 71°C are not typically considered when qualifying small arms ammunition).
For reasons discussed in 4.4 - Temperature Conditioning of Ammunition, ammunition need only be conditioned for one hour. This leaves a comfortable amount of margin for a “10-year life”. It should be noted that manufacturers assign a 10-year life to their propellants as they have no control over how the user stores the propellant. If propellant is properly stored, the life can be increased significantly. Discussions with a propellant expert (Dr. Ruth Pettifer, UWTSD, November 2025) revealed that Dutch organisation TNO holds samples of propellant dating back to the early 1900s that have been properly stored and still contain acceptable stabiliser levels.
[bookmark: _Ref224030448][bookmark: _Toc224046857][bookmark: _Toc224899235]3.3 - Propellant Ageing – Ballistic Effects
Boulkadid, et al. fired 5.56mm cartridges containing a spherical double-base powder across a temperature range of -54°C to +71°C (also looking at aged vs. unaged propellant). Their findings concerning pressure are shown in Figure 4, Table 2, and Table 3 [14]. They also established hot and cold temperature coefficients for the tested propellant in both hot and cold regimes, both for aged and unaged propellant, and found that hot and cold coefficients differed considerably, indicating a non-linear relationship between initial temperature and burn rate across the entire (considerable) temperature range. 

[image: ]
[bookmark: _Ref223434204][bookmark: _Toc224899203]Figure 4 - Firings at -54°C, 21°C, and 71°C for different ages of propellant [14]
Interestingly, the area under each curve remains broadly similar. This is likely due to the migration of deterrent coatings during the ageing – although the overall energy content of the propellant (J/Kg) remains the same. It is also interesting to note that ageing has a somewhat similar ballistic effect to increasing the initial temperature of the propellant (per Figure 1) – shorter combustion duration, higher peak pressure. 
This data has been tabulated below (for the 21°C and 71°C firings):
[bookmark: _Ref224032340][bookmark: _Toc224899161]Table 2 - 21°C Results from Boulkalid et al.
	Firings at 21°C

	Age
	Pmax (MPa)
	% Uplift from Unaged

	Unaged
	260
	N/A

	10 Days @ 71°C
	290
	12

	20 Days @ 71°C
	340
	31

	30 Days @ 71°C
	380
	46



[bookmark: _Ref224032341][bookmark: _Toc224899162]Table 3 - 71°C Results from Boulkalid et al.
	Firings at 71°C

	Age
	Pmax (MPa)
	% Uplift from Unaged

	Unaged
	325
	N/A

	10 Days @ 71°C
	360
	11

	20 Days @ 71°C
	395
	22

	30 Days @ 71°C
	450
	38



The data above has been graphed and an exponential trendline added and extended to 120°C. This is shown in Figure 5. 

[bookmark: _Ref223941311][bookmark: _Toc224899204]Figure 5 - Boulkalid temperature results graph & trendline.
From this graph, it is possible to project – in the case of each age of propellant – the potential pressure increase at the extreme temperature points this paper examines. The percentage uplift from ambient (using the data point) to the projected pressure (using each trendline) examined at 100°C, 110°C, and 120°C:



[bookmark: _Toc224899163]Table 4 - Boulkalid projected pressure uplifts
	Age
	% Uplift 100°C
	% Uplift 110°C
	% Uplift 120°C

	Unaged
	42
	48
	54

	10 days
	41
	47
	55

	20 Days
	28
	31
	34

	30 Days
	32
	37
	41



It must be noted that this trendline was only created using two data points, as such, it should not be considered “statistically valid” but is a useful indication of a possible range of uplifts nonetheless – between ~28% at 100°C and ~55% at 120°C. It must also be noted that this paper only examined one particular type of propellant. Ball/flattened ball propellant (as examined by Boulkalid) has been uniquely noted to exhibit abnormal burn characteristics after ageing [18], as such it is likely that this is only broadly representative rather than exact when applied to other natures of propellant. 
Other papers have noted similar migration of deterrent coatings and other ballistic modifiers under high-temperature conditions [19] [20] with some research examining curable coatings to mitigate the effects [20]. 
[bookmark: _Toc224046858][bookmark: _Toc224899236]3.4 - Pressure Measurement of Small Arms Ammunition
There are three principal modern methods of measuring chamber pressure (copper crusher measurements will not be discussed). The CIP method is used in CIP countries. The Sporting Arms and Ammunition Manufacturer’s Institute (SAAMI) is responsible for standardization in America. NATO also has its own method. A summary is given below:
[bookmark: _Toc224899164]Table 5 - Chamber pressure measurement methods comparison [21] [22] [23]
	Method
	Case Hole
	Pressure Port Location
	Pressure Take Method

	CIP 
	2/2.5mm
	12.5mm (pistol), 25mm (rifle) from breech face
	Direct impingement

	SAAMI 
	No
	Calibre-dependent
	Conformal piston

	NATO EPVAT 
	No
	Case mouth
	Direct impingement


 
Due to these differences, it is not possible to directly compare pressure measurements.
This study uses the CIP method of pressure measurement. CIP permits either the Kistler 6215 or HPI GP6 transducers to be used. 
The transducer contains a piezoelectric crystal that generates a small charge when compressed – each one is unique. In the case of the transducer used in this trial, it generated a -1.443pC charge per bar of pressure, across its full 0-6000bar range. 
It should be noted that the standard pressure port hole size for the cartridge case is 2mm, a 2.5mm hole is frequently used [24] (including discussions with ammunition SMEs Bernie Montana of EP Manufacturing and Nigel Cole-Hawkins of Commonside Firearms in November 2025), as it increases the tolerance for any misalignment while having negligible effect on pressure. If a case is misaligned (a common error), the costly transducer may be damaged by fragments of case. 
[bookmark: _Toc224046859][bookmark: _Toc224899237]3.5 - 10% Overload
Some basic examination of the current 10% overload method was conducted using Gordon’s Reloading Tool (GRT), a widely-used open-source internal ballistics modelling tool shown in Figure 6. This exercise showed the result of a 10% overload to vary considerably. For each of the following examples, to make the simulation as accurate as possible, Reload Swiss (Nitrochemie) powders were used, as the manufacturer provides GRT-specific calibration files for each of their own powders, derived from their own closed-vessel measurements. The same simulation has been run for both 50% between the published minimum and maximum powder charge, and the maximum powder charge (data published by Reload Swiss [25]), as somewhere between these figures is where most ammunition is likely to lie. This is not an exhaustive modelling exercise – only three calibers and powders are examined: 
[image: ]
[bookmark: _Ref223434377][bookmark: _Toc224899205]Figure 6 - Gordon's Reloading Tool user interface

[bookmark: _Ref223434150][bookmark: _Toc224899165]Table 6 – Internal ballistic simulation results for 50% min-max charges
	Calibre
	Powder
	Pmax @ 50% max-min
	Pmax @ 10% over half
	% Delta

	308 Win
(Sierra 2156)
	RS52
	2537
	3525
	39

	223 Rem (Sierra 1380)
	RS40
	2729
	3256
	19

	9mm Luger (Sierra 8115)
	RS20
	1077
	1333
	24





[bookmark: _Ref223434156][bookmark: _Toc224899166]Table 7 – Internal ballistic simulation results for maximum charges
	Calibre
	Powder
	Pmax @ Max Published Charge
	Pmax @ 10% over MPC
	% Delta

	308 Win
(Sierra 2156)
	RS52
	3525
	5051
	43

	223 Rem (Sierra 1380)
	RS40
	3966
	5457
	38

	9mm Luger (Sierra 8115)
	RS20
	1473
	1841
	25



As can be observed from Table 6 and Table 7, the pressure uplift varies heavily at a 10% overload depending on the powder and the case fill, with a minimum uplift of 19% and a maximum of 39%. While these figures are unlikely to be exact, they are broadly representative. Proofing as a process holds legal weight so following a law of averages (at least, when one value is 10% under the required minimum figure) is not an acceptable means by which to carry out the proofing process. 












[bookmark: _Toc224046860][bookmark: _Toc224899238]4 - Methodology & Setup
[bookmark: _Toc224046861][bookmark: _Toc224899239]4.1 - Safety
Trials must be conducted safely. This trial was presented to – and passed - the QinetiQ Fort Halstead Hazardous Activity Management Panel. The overall “safe system of work” is given in the form of a risk assessment and safety argument (see Annex D: Safety Argument & Risk Assessment), and a simplified procedure (given in 4.6 - Procedure). The official procedure has not been reproduced in this report as it is an official London Proof House document. 
[bookmark: _Toc224046862][bookmark: _Toc224899240]4.2 - Equipment Setup
[bookmark: _Toc224046863][bookmark: _Toc224899241]4.2.1 - Test Gun & Solenoid Firing Unit
The test gun was first checked for serviceability. The interrupted locking threads were cleaned and inspected. The breech piece was inspected, firing pin protrusion was checked and found to be acceptable. The sliding rails were cleaned and lubricated with light oil. 
The safety mechanism was checked by cocking the test gun and putting the mechanism on SAFE before pulling the trigger bar. The gun did not fire. The gun was then set to FIRE and the trigger bar was pulled. The firing mechanism functioned. 
The two 12v batteries for the Solenoid Firing Unit (SFU) were charged, then connected in series to generate the required 24v. The solenoid and key switch were then tested by cocking the gun and remotely functioning the firing mechanism.
These firing mechanism checks were conducted at the beginning of each day’s firing. 
[bookmark: _Ref224029870][bookmark: _Toc224046864][bookmark: _Toc224899242]4.2.2 - Barrels
Each of the five test barrels were thoroughly cleaned. The pressure ports were inspected. Some contained minor tool marks on the sealing face. The Kistler sealing surface hand reaming tool was used in accordance with the procedure detailed in the manual to remove these tool marks and leave a smooth sealing surface behind. Poorly machined sealing surfaces can cause errors of up to 3% in measurement [26]. 
Pressure ports and barrels were cleaned following each series of 10 shots. The sealing surfaces were checked to be free of any marks or debris before being re-mounted in the test gun and transducer being fitted. If marks were noted, they were removed using the supplied sealing face reaming tool used in accordance with the manufacturer’s instructions.
[bookmark: _Ref224029648][bookmark: _Toc224046865][bookmark: _Toc224899243]4.2.3 - Transducer
A Kistler 6215 transducer (shown in Figure 7) was used for all elements of this work conducted at the London Proof House. A HPI GP6 was used for the firings at the EP Manufacturing test range. 
To prepare the 6215 transducer, the sensing face was first cleaned using Kistler 1003 cleaning spray and a cotton cleaning patch. The following steps were then taken, in accordance with the manual:
1. Two small spots of 1063 grease were placed opposite each other, in the groove around the sensing element and spread with a fingertip
2. An 1100 sealing ring was placed (wide end facing outward) into the groove, 
3. A 6567 diaphragm protector was press-fit to the transducer
4. Two small spots of 1063 grease were placed opposite each other on the diaphragm protector (in the groove, between the ports)
5. An 1100 sealing ring was placed (wide end facing outward) on the groove
The sealing rings were replaced at the end of each 10-shot string, whenever the transducer was removed for cleaning. The diaphragm protectors were replaced every 100 shots.
To mount the transducer assembly in a clean pressure port bore, the following steps were taken in accordance with the manual, once the barrel was fitted to the test gun:
1. The transducer was screwed in hand-tight
2. A torque wrench was used to torque the transducer to 20nm
3. The transducer was loosened approximately 1/6th of a turn
4. The transducer was re-torqued to 20nm
5. The protective cap was removed from the connector on top of the transducer, and the special low-noise cable (1631C5) connected. 

[image: ]
[bookmark: _Ref223434424][bookmark: _Toc224899206]Figure 7 - Kistler 6215 transducer & ancillaries
[bookmark: _Toc224046866][bookmark: _Toc224899244]4.2.4 - 5015 Charge Meter
The input was set to “charge”. The sensitivity was set to -1.443pC/bar per the transducer calibration sheet. The low pass filter was switched off, allowing the maximum sample rate. The high pass filter was set to “DC Long”, dictated by the low pass filter being off. Unit of measurement was set to bar. The full range was set to 10,000 bar (there are no intermediate steps between 5000 and 10,000. The main measurement parameter was set to “Xmax”. The output scale was set to 1000 bar/V.
The 5363a charge generator was used to check the setup of the equipment. The polarity switch was set to negative. 
The equation in the manual (given in Equation 3) was followed to ascertain the correct voltage level to set the generator to, for a given simulated pressure:

[bookmark: _Ref224811434][bookmark: _Toc224899153]Equation 3 - Kistler charge generator setting determination
Consequently, in the case of 6000 bar:

The voltage was set using the rotary dials to 8.86V. The 1nF port was connected to the sensor charge port on the charge meter, and the FIRE button on the charge generator pressed. It was verified that a pressure of approximately 6000 bar was displayed on the charge meter screen. 
The low-noise cable from the transducer was connected to the “sensor charge” port on the charge meter. The Oscilloscope was connected to the “output” port.
The charge meter was left to warm up for a minimum of 30 minutes before any firing was conducted. 
[bookmark: _Toc224046867][bookmark: _Toc224899245]4.2.5 – Chronograph
4.2.5.1 - MagnetoSpeed V3
Due to the environment inside the proof bay (namely, the large amount of metalwork present and the minimal distance between the bullet catcher and the test gun barrel) a doppler chronograph could not be used. It was also not possible to set up a conventional light gate chronograph in the small amount of space. Consequently, a commercial MagnetoSpeed V3 chronograph was used. This consists of a “bayonet assembly”, containing two magnetic sensors. As a bullet passes each sensor, it causes a minor disturbance in the magnetic field. The unit calculates the speed of the projectile by measuring the time between the disturbance in the near & far sensors. 
Using the supplied alignment rod and appropriate spacers, the alignment was set such that the bullet travelled close to the sensor but not close enough that a bullet striking the bayonet was a possibility. The top of the alignment rod must meet the bottom of the barrel crown as shown in Figure 8. 
[image: ]
[bookmark: _Ref223434113][bookmark: _Toc224899207]Figure 8 - MagnetoSpeed V3 alignment test
The unit must also be set to its minimum sensitivity setting due to the large amount of metalwork in the proof bay. 
4.2.5.2 - Garmin Xero C1 Pro
For firings at the EPA test range, a Garmin doppler chronograph was used. This unit is very simple to set up – the type of projectile is selected (rifle/pistol), then the expected velocity range (180-300m/s or 300-1520m/s) selected, then the unit positioned facing downrange between 5” and 15” from the barrel, and between 5” and 15” from the muzzle. Shot data is then automatically collected. The chronograph is shown, to the left of the test gun, in Figure 9.
[image: ]
[bookmark: _Ref224035324][bookmark: _Toc224899208]Figure 9 - Garmin doppler chronograph & test gun
[bookmark: _Toc224046868][bookmark: _Toc224899246]4.2.6 - Oscilloscope
The oscilloscope was used to verify that the signals received were of good quality, and to ensure no brass strike incidents were included in the result. The trigger was set up a 1V rising edge on the input channel, and the scale was set to 1V/div. The decision was made not to acquire any full signals using the oscilloscope, as proof is concerned with simple peak pressure so the subsequent analysis need not be overcomplicated.
[bookmark: _Toc224046869][bookmark: _Toc224899247]4.3 - Case Drilling
Cases were drilled using a spotting punch manufactured by a precision gunsmith. It consisted of a “transducer blank”, with a central bore and a fitted punch pin. A cartridge was chambered, then the pin inserted and lightly tapped with a small hammer, thus producing a small indent on the cartridge case in exactly the correct place. The cases were then drilled using a 2.5mm drill bit. Every effort was made not to lose propellant while drilling, although this was difficult in the case cartridges with a case fill value approaching 100%. The case heads were marked in line with the hole, allowing for quick alignment in the test gun. Figure 10 shows spotted and drilled cases.
[image: ]
[bookmark: _Ref223434095][bookmark: _Toc224899209]Figure 10 - Spotted cases (L) and drilled cases (R)
[bookmark: _Toc224046870][bookmark: _Ref224721301][bookmark: _Toc224899248]4.4 - Temperature Conditioning of Ammunition
Per the “accelerated storage conditions” clause (12.6.1.1) of the Multi-Calibre Manual of Proof and Inspection (AEP-97, MC-MOPI), ammunition will be conditioned for a minimum of 1 hour, as the ovens used are of the recirculating air (fan) type [23]. 
The decision was made to limit the test temperature to 120°C, following research into the Temperature of Ignition (T of I) of various propellants and allowing for 40°C of headroom until T of I is approached. The full safety argument, including references, is given in Annex D: Safety Argument & Risk Assessment.
Practice runs were undertaken before any conditioned ammunition was fired. 10 different runs were timed during the trial (from the oven opening to the test gun firing), and the average time was found to be approximately 30 to 35 seconds. 
[bookmark: _Toc224046871][bookmark: _Toc224899249]4.5 - Equipment Verification
Following the setup of the equipment, its proper function was verified using ammunition producing a known pressure. Six rounds of .275 Rigby proof ammunition (newly manufactured by the Birmingham Proof Lab) were prepared and fired at ambient temperature and the results recorded in Table 8:
[bookmark: _Ref224812898][bookmark: _Toc224899167]Table 8 - Pressure measurement equipment verification firing results
	Shot No.
	Pmax (bar)

	1
	4260

	2
	4110

	3
	4200

	4
	4210

	5
	3950

	6
	4120

	Average:
	4141


 
The datasheet stated that the batch produced an average of 4128 bar (129% of Pmax). The six shots resulted in an average pressure of 4141.7 bar (129.4% of Pmax). Peak pressure values will vary slightly barrel to barrel, mainly due to small variations in chamber volume and land/groove dimensions. As such, the negligible 0.4% difference in Pmax was indicative that the equipment was properly set up and functioning correctly. 
[bookmark: _Ref224045927][bookmark: _Toc224046872][bookmark: _Toc224899250]4.6 - Procedure
The procedure described below was followed for all firings:
1. Test barrel and transducer prepared as stated in sections 4.2.2 - Barrels and 4.2.3 - Transducer, ensuring the test gun is cocked (note – gun must be cocked to be set to SAFE) and set to SAFE
2. Ensure local extraction is switched on
3. Ensure proof cells access door is closed
4. Ensure appropriate PPE is donned:
a. Ambient: eye protection, ear protection
b. Temperatures >50°C: eye protection, flameproof balaclava & top, flameproof lab coat, heatproof gloves, ear protection
5. Instrumentation armed
6. Round loaded, ensuring marker witness mark is perfectly vertical
7. Breech piece inserted and breech closed
8. Gun set to FIRE
9. Proof bay door closed
10. Warning siren sounded
11. Key inserted into SFU switch
12. Round fired
13. Proof bay door opened
14. Gun cocked and set to SAFE
15. Breech opened and breech block removed. Gun confirmed to be clear.
16. Cartridge case removed and drilled hole inspected for indications of brass strike. 
a. If indications are present (see 4.7 - Brass Strikes), remove and inspect transducer before re-fitting
17. Instrumentation results recorded
18. Steps 3 to 18 repeated for remainder of series
19. Transducer removed, cleaned, and reassembled ready for subsequent fitting as given in section 4.2.3 - Transducer
20. Barrel removed and cleaned as stated in section 4.2.2 - Barrels
Misfire Procedure:
Follow the local procedure if any misfires occur. Data from misfires is not to be used. 
[bookmark: _Ref224029746][bookmark: _Toc224046873][bookmark: _Toc224899251]4.7 - Brass Strikes
In the event the case is not properly aligned, a fragment of brass may be blown upwards into the transducer assembly. Examples of severe brass strike signs and consequences are shown in Figure 11. Note the very sharp (almost instant) apparent rise time and subsequent ringing, and the additional hole punched out of the case. The diaphragm protector will protect the transducer from a single severe brass strike, but it must be replaced (along with both sealing rings) following a severe strike. 
[image: ]
[bookmark: _Ref223434073][bookmark: _Toc224899210]Figure 11 - Brass strike indications, case (TL), transducer (BL), oscilloscope Trace (R)

















[bookmark: _Toc224046874][bookmark: _Toc224899252]5 – Results
The full results are given in Annex A: Firing Results, along with the respective pressure and velocity averages. The overall averages are given in 5.1 - Combined Results.
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[bookmark: _Toc224046883][bookmark: _Ref224565944][bookmark: _Toc224899253]5.1 - Combined Results
Key: 
	Double Base

	Single Base

	Unknown

	Outlier Result


[bookmark: _Ref223467111][bookmark: _Toc224899168]Table 9 - Overall pressure and velocity results
	Cartridge
	100°C
	110°C
	120°C

	
	P Uplift (%)
	V Uplift (%)
	P Uplift (%)
	V Uplift (%)
	P Uplift (%)
	V Uplift (%)

	7.62 NATO
	27.8
	8
	35.1
	8.8
	41.4
	9.5

	.30-06 Sprg. Hornady
	33.7
	10
	34.9
	10.2
	41.7
	11.6

	.30-06 Sprg. Federal
	27.4
	6.6
	27
	6.9
	30
	7.2

	.416 Rigby
	30.1
	9.3
	33.2
	9.9
	43.6
	10.9

	8mm Mauser
	35.5
	7.9
	37.7
	8.5
	45.8
	9.8

	.308 Win.
	 -
	- 
	39.5
	10.7
	 -
	- 

	.223 Rem.
	40.4
	7.6
	44.6
	8.1
	 -
	- 

	9mm Luger
	35.7
	7.8
	38.4
	8.2
	 -
	- 

	.338 Lap Mag EPA 
	39.2
	13
	51.5
	15.1
	 -
	- 

	.338 Lap Mag SM
	56.8
	12.4
	73.2
	14.5
	 -
	 -

	Full Test Average
	36.3
	9.2
	41.5
	10.1
	40.5
	9.8

	Full Test Max
	56.8
	13.0
	73.2
	15.1
	45.8
	11.6

	Full Test Min
	27.4
	6.6
	27.0
	6.9
	30.0
	7.2

	Average Exc. Outliers
	33.9
	8.4
	37.6
	9.2
	43.1
	10.5

	Max Exc. Outliers
	40.4
	10.0
	44.6
	10.7
	45.8
	11.6

	Min Exc. Outliers
	27.8
	7.6
	33.2
	8.1
	41.4
	9.5



[bookmark: _Toc224046884][bookmark: _Toc224899254]6 - Discussion
[bookmark: _Toc224046885][bookmark: _Toc224899255]6.1 - Results
[bookmark: _Toc224046886][bookmark: _Toc224899256]6.1.1 - Pressure
It became quickly apparent that there would not be sufficient firing time to complete the full temperature ladder in 10°C increments, for each cartridge. As such, the decision was taken early on to conduct only the ambient firings, then conduct the 100°C firings. The result of the 100°C firings would then be used to decide if the subsequent series should be at higher or lower temperature, to achieve the desired 30% overpressure. This resulted in most firings being conducted at 100°C and110°C, with a limited quantity at 120°C. 
The pressure uplifts achieved all lay within the range suggested by the predictions using Boulkalid’s results in 3 - Literature Review.
Most ammunition manufacturers did not respond to requests for information on either manufacture date of ammunition nor of powder type – of the 10 cartridges tested, the propellant chemistry is only known for six (of which five are double base and one is single base). While double base is widely known to be more temperature sensitive – certainly within typical climatic conditions, the .416 Rigby (which was loaded with Vihtavouri N160, a single-base powder) exhibited pressure uplifts (per Table 9) that were in fact higher than that experienced by some natures of ammunition known to be loaded with double-base powder. It is possible that at such extreme temperatures, both natures of propellant behave similarly. This is worthy of additional tailored research. 

[bookmark: _Ref223463274][bookmark: _Toc224899211]Figure 12 - Graphical representation of minimum, maximum, and average pressure uplifts
Figure 12 shows a graphical representation of the maximum, average, and minimum chamber pressure uplifts across the range of cartridges tested (excluding the three outliers). An exponential line of best fit was added to each series and R2 values determined. Each R2 was relatively close to 1, meaning that the variance of each point from the line is minimal – i.e. it is a good predictor (although the statistical value with only three data points on each is less than ideal). The 120°C points have less statistical relevance than the 100°C and 110°C points, as only four natures were tested at 120°C (accounting for the outlier .30-06), versus seven natures at 100°C and 110°C. Had more tests at 120°C been conducted, it is expected that that the maximum and minimum values would have been further from the average than Figure 12 shows them to be. 
Given that Proof, as a process, carries a legal weight, it was deemed necessary to use the worst-case (minimum) line for determining the conditioning temperature than the average line. As shown in Figure 12, 105°C appears to be the minimum pressure from which a 30% uplift can be guaranteed, at least in all of the cartridges under test (which do span a reasonable range of calibres), but a 5°C margin is not unwise, this results in a pressure uplift at 110°C of between 33% and 45%. While 45% may seem excessive, an argument is made in 7.3 - Realities of Proof Firing as to why this may not actually be the case, and despite the apparent pressure increase seeming quite high, why the design limits of the firearm should not be unreasonably exceeded. 
[bookmark: _Toc224046887][bookmark: _Toc224899257]6.1.2 - Velocity
One of the project objectives was to establish if there was a given velocity increase that was a guaranteed indicator of the 30% pressure uplift having been achieved
It is immediately clear from the results that this is not possible. In all but the outlier Federal .30-06 (which will be excluded for reasons given subsequently), a conditioning temperature of 110°C resulted in a pressure uplift of at least 30%. However, in the case of the .223 Rem, a 40% pressure increase at 100°C only resulted in a 7.6% velocity increase. However, in the case of the GGG 7.62 NATO ammunition, a considerably lesser 27.8% pressure increase resulted in a greater 8% velocity increase. It is, however, information that is still worthwhile capturing during the proof process – velocity increase is indicative that a reasonable degree of uplift has taken place.
[bookmark: _Toc224046888][bookmark: _Toc224899258]6.2 - Anomalies
[bookmark: _Toc224046889][bookmark: _Toc224899259]6.2.1 - Federal .30-06 Springfield Anomaly
It is clear from Table 9 that the Federal-brand .30-06 Springfield ammunition appears to have remarkable temperature insensitivity when compared to other cartridges, even exceeding that of the NATO-qualified GGG 147gr 7.62. This is in fact a slight anomaly. When drilling the cases, it was noted that the case fill percentage was extremely high. When rounds were tipped, there was no indication that propellant was moving around inside the case as would normally be experienced with ammunition with a lesser case fill percentage. As such, when the rounds were drilled, it was extremely difficult to do this without losing some propellant as the drill bit broke through the case. Consequently, these results are deemed to be less reliable than those from the remainder of the ammunition, which could all be drilled without propellant being lost.  
It was also noted that the pressure appeared to decrease between 100°C and 110°C. This is believed to be a “random” outlier caused by excessive propellant loss in one particular round, bringing average values down, but no attention was drawn to this round at the time. The velocities increase as they should despite the apparent lower pressure. These cannot technically be true at the same time, for a given cartridge, in a given barrel. 
For the reasons listed above, it has been decided that this nature of ammunition will be excluded from the subsequent group results. It is also recommended that pressure measurement is conducted using the SAAMI method (no-drill) should investigation of this Federal .30-06 want to be taken further. 
[bookmark: _Toc224046890][bookmark: _Toc224899260]6.2.2 - Armor Piercing Ammunition Anomalies
6.2.2.1 - EPA SAP
Pressure uplift figures that were considerably higher than expected were noted in both natures of .338 Lapua Magnum. The EPA SAP ammunition consisted of a machined solid brass projectile, containing a tungsten carbide core. Brass is considerably harder as a material than copper or lead, consequently it does not conform to the grooves of the rifling easily and friction is higher. Brass bullets of an identical weight are known for causing excess pressure if reloaded carelessly, if assumptions are made that they behave in the same manner as a conventional bimetal bullet. As this bullet had been properly developed by EPA (who specialize in monolithic projectiles) and was comfortably within CIP pressure limits at ambient. Brass has a relatively high thermal expansion coefficient (hence its use in bimetallic strips). It is most likely that the significant jump in pressure is due to additional bore friction caused by expansion of the projectile. A projectile was measured at ambient and found to be 8.590mm in diameter. The projectile was then conditioned at 100°C for one hour and re-measured at 8.605mm, an increase of 15 microns. 
[image: ]
[bookmark: _Toc224899212]Figure 13 - EPA SAP bullet diameter, ambient (T), 100°C conditioned (B)
This 15-micron growth is in fact significant. EPA staff stated that if they experience sudden pressure spikes when developing new monolithic bullets, they reduce the diameter by five microns and try again. This growth therefore represents three “pressure reduction steps.” The diameter increase (and consequent in-bore friction increase and improved “gas seal” around the bullet) results in significantly higher pressure and velocity, on top the pressure/velocity increase provided by heat conditioning alone. This also explains the 15% velocity increase, which is the highest under test.
6.2.2.2 - SM FMJHC AP
A cross-section of the FMJHC AP bullet is shown in Figure 14. The bullet is – for the purpose of this test – equivalent to a conventional bimetal bullet in terms of construction, as the core material directly inside from the bearing surface is lead. Tungsten carbide has a very low thermal expansion coefficient (particularly when compared to brass [27]) so it can confidently be said that the construction of this bullet will not affect the result in the same way that the construction of the EPA SAP bullet does. 
[image: ]
[bookmark: _Ref223434000][bookmark: _Toc224899213]Figure 14 - Swiss P FMJHC AP cutaway [28]
The manufacturer did not respond to requests for information on the production date of the ammunition – while the “23-LC” batch number could in some cases indicate 2023, this ammunition came in old style packaging which had not been seen before – indicating that this ammunition is reasonably old. As shown in Boulkalid’s research (discussed in 3.3 - Propellant Ageing), ammunition containing propellant that had been artificially aged at 71°C for 30 days experienced peak pressures that were approximately 38% above that of ammunition containing unaged propellant (when fired at 71°C), likely due to the migration of deterrent coatings resulting in considerably faster ignition. It is likely that a similar occurrence has taken place with this nature of .338 ammunition. Consequently, this ammunition will also be excluded from the overall result and a recommendation made as a result. Despite its exclusion from the overall result, the presence of this ammunition provides a useful indication of the behavior of old propellants under extreme temperature conditions. 







[bookmark: _Toc224046891][bookmark: _Toc224899261]7 - Limitations
[bookmark: _Toc224046892][bookmark: _Toc224899262]7.1 - Conditioning Oven
The conditioning oven employed by the Proof House was not of exceptionally high quality, and frequent temperature fluctuations of +/- approximately 5°C were noted. The oven itself was mainly intended for blast drying, and while a certain temperature could be programmed and held, it did not have the stability of a proper laboratory grade conditioning oven. Efforts were made to improve temperature stability during testing by placing a tray full of metal blocks at the bottom of the oven to increase the overall thermal mass within the oven and aid it in maintaining temperature. This reduced the instability slightly but not enough for it to be a viable long-term solution. 
The oven used at the EP Manufacturing test range was of high quality and held a temperature with almost no fluctuations. It must be noted that despite these differences in oven performance, no obvious differences were noted in the results – the cartridges tested at EP were not a step above or below those that were tested at the London Proof House. 
[bookmark: _Toc224046893][bookmark: _Toc224899263]7.2 - Pressure Increase
Care must be taken to ensure that a pressure increase has actually taken place (lest an example of that which is shown in Figure 2 occurs). This can be checked by firing a single round at ambient before the proof rounds are fired. The case heads can then be compared as a means of verifying that a pressure increase has actually occurred. An example of this is given in Figure 15. The cartridge on the left was fired at ambient temperature. Note the radiused edge of the primer. The identical round on the right was fired at 100°C - note how primer is considerably flatter, due to the elevated chamber pressure causing the primer to flatten against the breech face. On any conventional rifle (i.e. not a test barrel), there would be additional indicators around the headstamp area, due to brass flowing slightly into the ejector relief and leaving a “swipe” mark around the case head when the bolt is rotated to unlock. Consequently, this is an easy check for anyone acquainted with excess pressure signs in small arms ammunition. In addition to visual checks on the case itself, velocity data should also be examined, as this is a guaranteed means of ensuring a pressure increase has taken place. 
[image: ]
[bookmark: _Ref223433983][bookmark: _Toc224899214]Figure 15 - Case heads, normal (L), mild excess pressure (R)
[bookmark: _Ref224030344][bookmark: _Toc224046894][bookmark: _Toc224899264]7.3 - Realities of Proof Firing
It is easy to recommend that the absolute maximum temperature is selected “to be on the safe side” when proofing a gun. The reality is different. The proof process must walk the line – comfortably meet the minimum pressure but not surpass it such that the intended design limits of the firearm are unreasonably exceeded. Proof must not under any circumstances under-test, but it also must not unreasonably over-test. Any action will fail when subject to sufficient pressure. Those developing their own wildcat cartridges, or choosing to experiment with cartridges that are not CIP-approved are likely, on balance, to be knowledgeable and use a suitably stout action for their experiments. An example will be made of the 8.6 Blackout cartridge, which is not yet CIP approved but rifles in this calibre are experiencing a growing demand in the UK:
[bookmark: _Toc224046895][bookmark: _Toc224899265]7.3.1 - 8.6 Blackout Case Study
The 8.6 Blackout uses a .470” case head and is designed to work with a standard short action receiver. Any receiver, with a given bolt size, can be used with any cartridge that shares the correct case head size. For example, the same action could fire – with different barrels fitted – a .308 Winchester, a 6.5 Creedmoor, a .284 Winchester, an 8.6 Blackout. Factory ammunition is virtually never loaded to the maximum permissible pressure for liability reasons – for example, a modern .308 Winchester round must be safe to shoot in everything from a modern precision rifle action to a re-chambered vintage rifle that may not have been looked after exceptionally well. This is before even the matter of storage and usage conditions is discussed – manufacturers know some individuals may not store their ammunition properly, and they are aware of the pressure increases caused by aged propellant and high firing temperature. As such, the ammunition tends to be loaded between 70% and 85% of the maximum pressure (confirmed by both ambient firing results and discussions with an ammunition manufacturer in January 2026), which is in itself 25 % below the proof pressure. This is to say that in the case of most factory ammunition, a pressure increase of between 47% and 79% can be achieved before the typical proof pressure would be met. Even in this case, the action and barrel should have an “engineering factor” such that even proof pressure is not in excess of the design limit. Manufacturers cannot afford to sell weak actions. Consequently, irrespective of if aged propellant is used, or a monolithic projectile unwittingly supplied, the design limits of the firearm should not be unreasonably exceeded. 
The Proof House can simply purchase commercial off the shelf commercial 8.6 Blackout ammunition that is not loaded with a monolithic bullet, and condition it at 110°C to turn the cartridges into proof rounds. They can be confident that the minimum 30% pressure uplift has been reached but also be confident – as described above – that the design limits of the firearm itself are not likely to be unreasonably exceeded and that the firearm under test is not likely to fail the proof test unreasonably. 









[bookmark: _Toc224046896][bookmark: _Toc224899266]8 - Conclusion and Recommendation
[bookmark: _Toc224046897][bookmark: _Toc224899267]8.1 - Conclusion
The objectives of the project have been repeated below, each with an individual conclusion:
Objective 1: To establish whether the heating of ammunition to “extreme temperatures” (within a safe window) is feasible to generate such a degree of pressure uplift in the first place.
Conclusion 1: The heating of ammunition, within an established safe temperature window, is feasible to generate the required 30% pressure uplift.

Objective 2: To establish whether or not there is a “general rule” which can be across a wide variety of cartridges, to allow this method to be feasible across the small arms spectrum.
Conclusion 2: Conditioning ammunition to 110°C for a minimum of one hour in a recirculating-air type conditioning oven results in a pressure uplift of at least 30%.

Objective 3: To establish if an increase in muzzle velocity is an acceptable means of reliably determining that the required minimum 30% pressure uplift has taken place.
Conclusion 3: While a muzzle velocity increase is indicative of increased pressure, there is no “blanket guarantee” which can be applied to say that a given velocity increase can be tied to a minimum of 30% chamber pressure increase.

Objective 4: To examine, if a “general rule” can be found, if it applies to both single-base and double-base propellants.
Conclusion 4: This testing found that the pressure uplift in both single-base and double-base loaded cartridges are not notably different from each other under such extreme conditions, consequently this rule applies to both single and double base propellants.

Objective 5: To make recommendation as to whether or not this method should be considered a reliable method for the proof of non-CIP approved cartridges, where a specific load cannot be developed. 
Conclusion 5: This method should be considered a reliable method for the proof of non-CIP approved cartridges. 

Note – This method should not be used to proof sound moderators as muzzle pressure was not examined. 

[bookmark: _Toc224046898][bookmark: _Toc224899268]8.2 - Recommendations:
[bookmark: _Toc224046899][bookmark: _Toc224899269]8.2.1 - Ammunition:
The Gun Proof customer must still supply at least three rounds:
· One for a pressure and velocity baseline
· Two for conditioning & proof firing
The supplied ammunition must be loaded with a bullet of conventional bimetal construction (i.e. lead core and copper jacket). The supplied ammunition must be loaded with a modern smokeless powder that has been stored according to the manufacturer’s guidelines, and is within the stated shelf life.
The supplier must inform the London Proof House of the exact load used and supply a datasheet for the propellant (in the case of hand-loaded ammunition) or the overall round of ammunition (if commercially produced), containing at an established T of I
[bookmark: _Toc224046900][bookmark: _Toc224899270]8.2.2 - Temperature Conditioning
Ammunition is heated to 110°C and conditioned for a minimum of one hour in a recirculating air-type oven. A higher-quality conditioning oven must be procured before this method is used on customer firearms
The London Proof House must also procure and use the PPE detailed in the risk assessment.
[bookmark: _Toc224046901][bookmark: _Toc224899271]8.2.3 - Pressure:
Case heads must be inspected by SQEP personnel following proof firing for confirmation of pressure uplift.
[bookmark: _Toc224046902][bookmark: _Toc224899272]8.2.4 - Velocity
Velocity uplift should be measured, but only as an indicator that a pressure increase may have occurred. 























[bookmark: _Toc224046903][bookmark: _Toc224899273]9 - Future Work
It is recommended that future work is undertaken to further validate the findings of this trial:
· Repeat firings of Federal .30-06 ammunition using a SAAMI pressure barrel to verify that the uplift is at least 30% at 110°C.
· Firings are conducted using home-loaded ammunition at a variety of different charge weights and case fill percentages.
· Examine the 10% overload theory by conducting pressure firings.
· Commission further testing of single and double base propellant at extreme temperatures (perhaps closed vessel firings) to establish if some of the conventional knowledge applied to temperature sensitivity does not apply at such extremes.
· Conduct further research into the use of this temperature conditioning procedure when using monolithic ammunition and isolate the effect of bullet growth alone on pressure. 
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[bookmark: _Toc224046905][bookmark: _Ref224565698][bookmark: _Toc224899275]Annex A: Firing Results
Firing results are given below. Notes are explained below each table. Where a note is given, it means that round has been excluded from the result for the reason given. 
Note that velocity readings using the MagnetoSpeed chronograph were taken in feet per second. Units have been converted to meters for the average tables. 
Projectile Nomenclature:
BTSP: Boat Tail Soft Point
TSX: Triple-Shock X (a “Barnes” trademark)
JS: Jacketed Softpoint
BST: Ballistic Silvertip (a “Nosler” trademark)
FMJ: Full Metal Jacket
SAP: Solid Armour Piercing
FMJHC AP: Full Metal Jacket Hard Core Armour Piercing
Barrel lengths are given in Annex B: Equipment.

[bookmark: _Toc224046906][bookmark: _Toc224899276]A.1 - 7.62 x 51 NATO
Manufacturer: GGG
Type: 147gr NATO Ball
Batch: 430-GGG-23
Propellant: Double Base
Notes: Fired in .308 Win chamber. This ammunition is NATO qualified. 












[bookmark: _Toc224046907][bookmark: _Toc224899277]A.1.1 – 7.62 NATO Pressure
[bookmark: _Toc224899169]Table 10 - 7.62 NATO pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	Note 1
	3000.00
	3000.00
	2720.00
	2620.00
	2930.00
	2820.00
	2960.00
	2930.00
	2840.00
	2868.89
	69.13

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	30
	bar
	3030.00
	Note 1
	2990.00
	2870.00
	2930.00
	2880.00
	3140.00
	2830.00
	2860.00
	2970.00
	2944.44
	70.95

	
	% ambient
	105.62
	 
	104.22
	104.22
	102.13
	100.39
	109.45
	98.64
	99.69
	103.52
	103.10
	

	40
	bar
	2880.00
	3000.00
	Note 1
	2820.00
	2840.00
	2970.00
	2900.00
	3070.00
	2930.00
	2720.00
	2903.33
	69.96

	
	% ambient
	100.39
	104.57
	 
	98.30
	98.99
	103.52
	101.08
	107.01
	102.13
	94.81
	101.20
	

	80
	bar
	3240.00
	3080.00
	3430.00
	3400.00
	3250.00
	3420.00
	3520.00
	3440.00
	3330.00
	3450.00
	3356.00
	80.87

	
	% ambient
	112.94
	107.36
	119.56
	118.51
	113.28
	119.21
	122.70
	119.91
	116.07
	120.26
	116.98
	

	100
	bar
	3550.00
	3890.00
	Note 1
	3570.00
	3580.00
	3820.00
	3430.00
	3830.00
	3670.00
	3670.00
	3667.78
	88.38

	
	% ambient
	123.74
	135.59
	 
	124.44
	124.79
	133.15
	119.56
	133.50
	127.92
	127.92
	127.85
	

	110
	bar
	3710.00
	3980.00
	3730.00
	3990.00
	4090.00
	3870.00
	4210.00
	3820.00
	3930.00
	3420.00
	3875.00
	93.37

	
	% ambient
	129.32
	138.73
	130.02
	139.08
	142.56
	134.90
	146.75
	133.15
	136.99
	119.21
	135.07
	

	120
	bar
	Note 2
	3520.00
	4040.00
	3880.00
	3930.00
	Note 3
	3870.00
	4310.00
	4450.00
	4460.00
	4057.50
	97.77

	
	% ambient
	 
	122.70
	140.82
	135.24
	136.99
	 
	134.90
	150.23
	155.11
	155.46
	141.43
	


 Note 1: Equipment failure
 Note 2: Powder loss noted
 Note 3: Transducer protector damaged, replaced

[bookmark: _Toc224046908][bookmark: _Toc224899278]A.1.2 – 7.62 NATO Velocity
[bookmark: _Toc224899170]Table 11 - 7.62 NATO velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	15
	ft/s
	2677.00
	2718.00
	2713.00
	2638.00
	2612.00
	2698.00
	2663.00
	2706.00
	2695.00
	2681.00
	2680.10

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	30
	ft/s
	2749.00
	2719.00
	2734.00
	2700.00
	2714.00
	2707.00
	2765.00
	2706.00
	2697.00
	2731.00
	2722.20

	
	% ambient
	102.57
	101.45
	102.01
	102.01
	101.26
	101.00
	103.17
	100.97
	100.63
	101.90
	101.70

	40
	ft/s
	2731.00
	2758.00
	 Note 1
	Note 1
	2725.00
	2749.00
	2735.00
	2769.00
	2737.00
	2681.00
	2735.63

	
	% ambient
	101.90
	102.91
	 
	 
	101.68
	102.57
	102.05
	103.32
	102.12
	100.03
	102.07

	80
	ft/s
	 
	2809.00
	2865.00
	2860.00
	2830.00
	2861.00
	2879.00
	2871.00
	2860.00
	2873.00
	2856.44

	
	% ambient
	 
	104.81
	106.90
	106.90
	105.59
	106.75
	107.42
	107.12
	106.71
	107.20
	106.60

	100
	ft/s
	2889.00
	2931.00
	2886.00
	2891.00
	2866.00
	2916.00
	2852.00
	2929.00
	2892.00
	2910.00
	2896.20

	
	% ambient
	107.79
	109.36
	107.68
	107.68
	106.94
	108.80
	106.41
	109.29
	107.91
	108.58
	108.04

	110
	ft/s
	2894.00
	2931.00
	2906.00
	2940.00
	2958.00
	2923.00
	2964.00
	2916.00
	2929.00
	2835.00
	2919.60

	
	% ambient
	107.98
	109.36
	108.43
	108.43
	110.37
	109.06
	110.59
	108.80
	109.29
	105.78
	108.81

	120
	ft/s
	Note 2
	2860.00
	2921.00
	2883.00
	2904.00
	2969.00
	 Note 2
	2959.00
	2974.00
	2971.00
	2922.33

	
	% ambient
	 
	106.71
	108.99
	108.99
	108.35
	110.78
	 
	110.41
	110.97
	110.85
	109.51


Note 1: Equipment failure
Note 2: Powder loss noted
Chronograph sensitivity reduced at end of string
[bookmark: _Toc224899279]A.1.3 – 7.62 NATO Averages
[bookmark: _Toc224899171]Table 12 - 7.62 NATO average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	2869
	N/A
	816.9
	N/A

	30
	2944
	3.1
	829.7
	1.7

	40
	2903
	1.2
	833.8
	2.1

	80
	3356
	17.0
	870.6
	6.6

	100
	3668
	27.8
	882.7
	8.0

	110
	3875
	35.1
	889.9
	8.8

	120
	4058
	41.4
	890.7
	9.5











[bookmark: _Toc224046909][bookmark: _Toc224899280]A.2 - .30-06 Springfield Hornady
Manufacturer: Hornady
Type: Custom 165 BTSP
Batch: 185051
Propellant: Unknown
Notes: N/A
[bookmark: _Toc224046910][bookmark: _Toc224899281]A.2.1 - .30-06 Springfield (Hornady) Pressure
[bookmark: _Toc224899172]Table 13 - .30-06 Springfield (Hornady) pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	3030.00
	2970.00
	3010.00
	3010.00
	2950.00
	2970.00
	3000.00
	2970.00
	3050.00
	 
	2995.56
	73.96

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	100
	bar
	4100.00
	3920.00
	Note 1
	3910.00
	4060.00
	3990.00
	4050.00
	 
	 
	 
	4005.00
	98.89

	
	% ambient
	136.87
	130.86
	 
	130.53
	135.53
	133.20
	135.20
	 
	 
	 
	133.70
	

	110
	bar
	4200.00
	3990.00
	3950.00
	4020.00
	3940.00
	4040.00
	4130.00
	4050.00
	 
	 
	4040.00
	99.75

	
	% ambient
	140.21
	133.20
	131.86
	134.20
	131.53
	134.87
	137.87
	135.20
	 
	 
	134.87
	

	120
	bar
	4340.00
	4200.00
	4250.00
	4250.00
	4230.00
	4250.00
	4280.00
	4150.00
	 
	 
	4243.75
	104.78

	
	% ambient
	144.88
	140.21
	141.88
	141.88
	141.21
	141.88
	142.88
	138.54
	 
	 
	141.67
	


Note 1: Misaligned case

[bookmark: _Toc224046911][bookmark: _Toc224899282]A.2.2 - .30-06 Springfield (Hornady) Velocity
[bookmark: _Toc224899173]Table 14 - .30-06 Springfield (Hornady) velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	ft/s
	2665.00
	2656.00
	2673.00
	2669.00
	2649.00
	2664.00
	2668.00
	2654.00
	2779.00
	 
	2675.22

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	100
	ft/s
	2966.00
	2926.00
	2955.00
	2922.00
	2952.00
	2942.00
	2941.00
	 
	 
	 
	2943.43

	
	% ambient
	110.87
	109.37
	110.46
	110.46
	110.35
	109.97
	109.93
	 
	 
	 
	110.20

	110
	ft/s
	2976.00
	2933.00
	2936.00
	2948.00
	2927.00
	2960.00
	2966.00
	2942.00
	 
	 
	2948.50

	
	% ambient
	111.24
	109.64
	109.75
	109.75
	109.41
	110.65
	110.87
	109.97
	 
	 
	110.16

	120
	ft/s
	3006.00
	2969.00
	2992.00
	2989.00
	2992.00
	2984.00
	2988.00
	2970.00
	 
	 
	2986.25

	
	% ambient
	112.36
	110.98
	111.84
	111.84
	111.84
	111.54
	111.69
	111.02
	 
	 
	111.64



[bookmark: _Toc224899283]A.2.3 - .30-06 Springfield (Hornady) Averages
[bookmark: _Toc224899174]Table 15 - .30-06 Springfield (Hornady) average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	2996
	N/A
	815.4
	N/A

	100
	4016
	33.7
	897.2
	10.0

	110
	4040
	34.9
	898.7
	10.2

	120
	4244
	41.7
	910.2
	11.6



[bookmark: _Toc224046912][bookmark: _Toc224899284]A.3 - .30-06 Springfield Federal
Manufacturer: Federal
Type: V-Shok 180gr Barnes TSX
Batch: 41T528
Propellant: Double Base 
Notes: Very high case fill percentage. Difficult to drill without losing propellant. 
[bookmark: _Toc224046913][bookmark: _Toc224899285]A.3.1 - .30-06 Springfield (Federal) Pressure
[bookmark: _Toc224899175]Table 16 - .30-06 Springfield (Federal) pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	3480.00
	3480.00
	3340.00
	3390.00
	3510.00
	3420.00
	3400.00
	3520.00
	3460.00
	3500.00
	3450.00
	85.19

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	100
	bar
	4420.00
	4390.00
	4520.00
	4430.00
	4320.00
	4380.00
	Note 1
	4380.00
	4390.00
	4280.00
	4390.00
	108.40

	
	% ambient
	128.12
	127.25
	131.01
	128.41
	125.22
	126.96
	 
	126.96
	127.25
	124.06
	127.25
	

	110
	bar
	4370.00
	4230.00
	4470.00
	4470.00
	4560.00
	4430.00
	4390.00
	4230.00
	4390.00
	4290.00
	4383.00
	108.22

	
	% ambient
	126.67
	122.61
	129.57
	129.57
	132.17
	128.41
	127.25
	122.61
	127.25
	124.35
	127.04
	

	120
	bar
	4460.00
	4540.00
	4390.00
	4470.00
	4460.00
	4560.00
	Note 2
	4590.00
	4290.00
	Note 3
	4470.00
	110.37

	
	% ambient
	129.28
	131.59
	127.25
	129.57
	129.28
	132.17
	 
	133.04
	124.35
	 
	129.57
	


 Note 1: Equipment failure
 Note 2: Misaligned case
 Note 3: Breech unable to close due to debris, took longer to fire
[bookmark: _Toc224046914][bookmark: _Toc224899286]A.3.2 - .30-06 Springfield (Federal) Velocity
[bookmark: _Toc224899176]Table 17 - .30-06 Springfield Federal velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	ft/s
	2695.00
	2680.00
	2641.00
	2645.00
	2673.00
	2658.00
	2656.00
	2684.00
	2664.00
	2681.00
	2667.70

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	100
	ft/s
	2877.00
	2853.00
	2863.00
	2844.00
	2836.00
	2849.00
	2797.00
	2845.00
	2850.00
	2822.00
	2843.60

	
	% ambient
	107.85
	106.95
	107.32
	106.61
	106.31
	106.80
	104.85
	106.65
	106.83
	105.78
	106.59

	110
	ft/s
	2852.00
	2830.00
	2872.00
	2844.00
	2881.00
	2856.00
	2858.00
	2830.00
	2860.00
	2827.00
	2851.00

	
	% ambient
	106.91
	106.08
	107.66
	106.61
	108.00
	107.06
	107.13
	106.08
	107.21
	105.97
	106.87

	120
	ft/s
	2860.00
	2866.00
	2848.00
	2860.00
	2856.00
	2874.00
	2867.00
	2873.00
	2838.00
	 
	2860.22

	
	% ambient
	107.21
	107.43
	106.76
	107.21
	107.06
	107.73
	107.47
	107.70
	106.38
	 
	107.22



[bookmark: _Toc224899287]A.3.3 - .30-06 Springfield (Federal) Averages
[bookmark: _Toc224899177]Table 18 - .30-06 Springfield (Federal) average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	3450
	N/A
	813.1
	N/A

	100
	4390
	27.4
	866.7
	6.6

	110
	4383
	27.0
	869.0
	6.9

	120
	4483
	30.0
	871.8
	7.2



[bookmark: _Toc224046915][bookmark: _Toc224899288]A.4 - .416 Rigby
Manufacturer: DMC Superior Loaded Ammunition
Type: 400gr Interlock
Batch: 250303A
Propellant: Vihtavouri N160 (Single Base)
Notes: N/A
[bookmark: _Toc224046916][bookmark: _Toc224899289]A.4.1 - .416 Rigby Pressure
[bookmark: _Toc224899178]Table 19 - .416 Rigby pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	2620.00
	2500.00
	2530.00
	2460.00
	2570.00
	2420.00
	2570.00
	2560.00
	2490.00
	2530.00
	2525.00
	77.69

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	100
	bar
	3310.00
	3360.00
	3300.00
	3230.00
	3330.00
	3230.00
	3260.00
	3280.00
	3240.00
	3320.00
	3286.00
	101.11

	
	% ambient
	131.09
	133.07
	130.69
	127.92
	131.88
	127.92
	129.11
	129.90
	128.32
	131.49
	130.14
	

	110
	bar
	3430.00
	3450.00
	3320.00
	3310.00
	3380.00
	3290.00
	3370.00
	3380.00
	3320.00
	3390.00
	3364.00
	103.51

	
	% ambient
	135.84
	136.63
	131.49
	131.09
	133.86
	130.30
	133.47
	133.86
	131.49
	134.26
	133.23
	

	120
	bar
	3500.00
	3530.00
	3690.00
	3710.00
	3660.00
	3650.00
	3720.00
	3630.00
	3590.00
	3590.00
	3627.00
	111.60

	
	% ambient
	138.61
	139.80
	146.14
	146.93
	144.95
	144.55
	147.33
	143.76
	142.18
	142.18
	143.64
	




[bookmark: _Toc224046917][bookmark: _Toc224899290]A.4.2 - .416 Rigby Velocity
[bookmark: _Toc224899179]Table 20 - .416 Rigby velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	ft/s
	2194.00
	2164.00
	2177.00
	2168.00
	2190.00
	2161.00
	2181.00
	2182.00
	2167.00
	2173.00
	2175.70

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	100
	ft/s
	2391.00
	2399.00
	2383.00
	2366.00
	2385.00
	2365.00
	2370.00
	2375.00
	2370.00
	2380.00
	2378.40

	
	% ambient
	109.90
	110.26
	109.53
	108.75
	109.62
	108.70
	108.93
	109.16
	108.93
	109.39
	109.32

	110
	ft/s
	2400.00
	2401.00
	2381.00
	2380.00
	2397.00
	2378.00
	2395.00
	2393.00
	2387.00
	2399.00
	2391.10

	
	% ambient
	110.31
	110.36
	109.44
	109.39
	110.17
	109.30
	110.08
	109.99
	109.71
	110.26
	109.90

	120
	ft/s
	2396.00
	2402.00
	2430.00
	2439.00
	2416.00
	2415.00
	2429.00
	2413.00
	2399.00
	2398.00
	2413.70

	
	% ambient
	110.13
	110.40
	111.69
	112.10
	111.04
	111.00
	111.64
	110.91
	110.26
	110.22
	110.94



[bookmark: _Toc224899291]A.4.3 - .416 Rigby Averages
[bookmark: _Toc224899180]Table 21 - .416 Rigby average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	2525
	N/A
	663.2
	N/A

	100
	3286
	30.1
	725.9
	9.3

	110
	3364
	33.2
	728.8
	9.9

	120
	3627
	43.6
	735.7
	10.9



[bookmark: _Toc224046918][bookmark: _Toc224899292]A.5 - 8 x 57 Mauser
Manufacturer: GECO
Type: 185gr JS Soft Point
Batch: 2123339/45OU
Propellant: Double Base
Notes: N/A
[bookmark: _Toc224046919][bookmark: _Toc224899293]A.5.1 – 8 x 57 Mauser Pressure
[bookmark: _Toc224899181]Table 22 - 8 x 57 Mauser pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	3340.00
	3380.00
	3230.00
	3370.00
	3450.00
	3290.00
	3410.00
	3480.00
	3320.00
	3350.00
	3362.00
	86.21

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	100
	bar
	4560.00
	4490.00
	4500.00
	4730.00
	4460.00
	4570.00
	4510.00
	4560.00
	4630.00
	Note 1
	4556.67
	116.84

	
	% ambient
	135.63
	133.55
	133.85
	140.69
	132.66
	135.93
	134.15
	135.63
	137.72
	 
	135.53
	

	110
	bar
	4750.00
	4680.00
	4680.00
	4730.00
	4610.00
	4530.00
	4510.00
	4550.00
	Note 1
	Note 1
	4630.00
	118.72

	
	% ambient
	141.28
	139.20
	139.20
	140.69
	137.12
	134.74
	134.15
	135.34
	 
	 
	137.72
	

	120
	bar
	4820.00
	5010.00
	4930.00
	4910.00
	4890.00
	4900.00
	4860.00
	5000.00
	4830.00
	4870.00
	4902.00
	125.69

	
	% ambient
	143.37
	149.02
	146.64
	146.04
	145.45
	145.75
	144.56
	148.72
	143.66
	144.85
	145.81
	


 Note 1: Rounds knocked during removal from oven, powder loss noted

[bookmark: _Toc224046920][bookmark: _Toc224899294]A.5.2 – 8 x 57 Mauser Velocity
[bookmark: _Toc224899182]Table 23 - 8 x 57 Mauser velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	ft/s
	2544.00
	2554.00
	2532.00
	2556.00
	2575.00
	2546.00
	2567.00
	2578.00
	2549.00
	2556.00
	2555.70

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	100
	ft/s
	2773.00
	2759.00
	2753.00
	2780.00
	2742.00
	2753.00
	2743.00
	2757.00
	2762.00
	 Note 1
	2758.00

	
	% ambient
	108.50
	107.95
	107.72
	108.78
	107.29
	107.72
	107.33
	107.88
	108.07
	 
	107.92

	110
	ft/s
	2778.00
	2775.00
	2775.00
	2795.00
	2778.00
	2769.00
	2755.00
	2761.00
	 Note 1
	Note 1
	2773.25

	
	% ambient
	108.70
	108.58
	108.58
	109.36
	108.70
	108.35
	107.80
	108.03
	 
	 
	108.51

	120
	ft/s
	2792.00
	2821.00
	2809.00
	2812.00
	2805.00
	2798.00
	2811.00
	2816.00
	2791.00
	2802.00
	2805.70

	
	% ambient
	109.25
	110.38
	109.91
	110.03
	109.75
	109.48
	109.99
	110.19
	109.21
	109.64
	109.78


Note 1: Rounds knocked during removal from oven, powder loss noted

[bookmark: _Toc224899295]A.5.3 – 8 x 57 Mauser Averages
[bookmark: _Toc224899183]Table 24 - 8 x 57 Mauser average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	3362
	N/A
	779.6
	N/A

	100
	4547
	35.5
	840.6
	7.9

	110
	4630
	37.7
	845.3
	8.5

	120
	4902
	45.8
	855.2
	9.8


[bookmark: _Toc224046921][bookmark: _Toc224899296]A.6 - .308 Winchester
Manufacturer: Norma
Type: 150gr Nosler BST
Batch: 2091416
Propellant: Unknown
Notes: N/A
[bookmark: _Toc224046922][bookmark: _Toc224899297]A.6.1 - .308 Winchester Pressure
[bookmark: _Toc224899184]Table 25 - .308 Winchester pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	3090.00
	3190.00
	3020.00
	3200.00
	3210.00
	3130.00
	3040.00
	 
	3340.00
	3160.00
	3153.33
	75.98

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	110
	bar
	4190.00
	4500.00
	4540.00
	Note 1
	Note 1
	4250.00
	4470.00
	4410.00
	4310.00
	4520.00
	4398.75
	105.99

	
	% ambient
	132.88
	142.71
	143.97
	 
	 
	134.78
	141.75
	139.85
	136.68
	143.34
	139.50
	


Note 1: Rounds knocked during removal from oven, powder loss noted





[bookmark: _Toc224046923][bookmark: _Toc224899298]A.6.2 - .308 Winchester Velocity
[bookmark: _Toc224899185]Table 26 - .308 Winchester velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	ft/s
	 
	2660.00
	2609.00
	2642.00
	2660.00
	2640.00
	2625.00
	2635.00
	2675.00
	2646.00
	2643.56

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	110
	ft/s
	2911.00
	2936.00
	2941.00
	 Note 1
	Note 1
	2904.00
	2932.00
	2928.00
	2915.00
	2940.00
	2925.88

	
	% ambient
	110.12
	111.06
	111.25
	 
	 
	109.85
	110.91
	110.76
	110.27
	111.21
	110.68


Note 1: Rounds knocked during removal from oven, powder loss noted
[bookmark: _Toc224899299]A.6.2 - .308 Winchester Averages
[bookmark: _Toc224899186]Table 27 - .308 Winchester average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	3153
	N/A
	805.8
	N/A

	110
	4399
	39.5
	891.8
	10.7









[bookmark: _Toc224046924][bookmark: _Toc224899300]A.7 - .223 Remington
Manufacturer: EP Ammunition
Type: 55gr FMJ
Batch: 05-25-005
Propellant: Double Base
Notes: N/A
[bookmark: _Toc224046925][bookmark: _Toc224899301]A.7.1 - .223 Remington Pressure
[bookmark: _Toc224899187]Table 28 - .223 Remington pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	3633.00
	3579.00
	3657.00
	3750.00
	3790.00
	3728.00
	3625.00
	3996.00
	3658.00
	3632.00
	3704.80
	86.16

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	100
	bar
	5305.00
	5185.00
	5260.00
	5376.00
	4997.00
	5334.00
	5196.00
	5038.00
	4991.00
	Note 1
	5186.89
	120.63

	
	% ambient
	143.19
	139.95
	141.98
	145.11
	134.88
	143.98
	143.98
	135.99
	134.72
	 
	140.42
	

	110
	bar
	5297.00
	5064.00
	5407.00
	5450.00
	5149.00
	5437.00
	5469.00
	5516.00
	5230.00
	5549.00
	5356.80
	124.58

	
	% ambient
	142.98
	136.69
	145.95
	147.11
	138.98
	146.76
	147.62
	148.89
	141.17
	149.78
	144.59
	


 Note 1: Rounds knocked during removal from oven, powder loss noted



[bookmark: _Toc224046926][bookmark: _Toc224899302]A.7.2 - .223 Remington Velocity
[bookmark: _Toc224899188]Table 29 - .223 Remington velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	m/s
	959.00
	951.00
	958.00
	962.40
	967.00
	961.00
	956.00
	976.00
	959.00
	959.00
	960.84

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	100
	m/s
	1040.00
	1032.00
	1041.00
	1033.00
	1034.00
	1042.00
	1033.00
	1033.00
	1022.00
	1021.00
	1033.10

	
	% ambient
	108.24
	107.41
	108.34
	107.51
	107.61
	108.45
	107.51
	107.51
	106.37
	106.26
	107.52

	110
	m/s
	1043.00
	1031.00
	1040.00
	1037.00
	1036.00
	1038.00
	1044.00
	1045.00
	1033.00
	1043.00
	1039.00

	
	% ambient
	108.55
	107.30
	108.24
	107.93
	107.82
	108.03
	108.65
	108.76
	107.51
	108.55
	108.13



[bookmark: _Toc224899189]Table 30 - .223 Remington average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	3705
	N/A
	960.8
	N/A

	100
	5187
	40.4
	1034.4
	7.6

	110
	5357
	44.6
	1039.0
	8.1







[bookmark: _Toc224046927][bookmark: _Toc224899303]A.8 - 9 x 19 Luger
Manufacturer: Magtech
Type: 124gr FMJ
Batch: BZ0803 L-004
Propellant: Unknown
Notes: N/A
[bookmark: _Toc224046928][bookmark: _Toc224899304]A.8.1 – 9 x 19 Luger Pressure
[bookmark: _Toc224899190]Table 31 - 9 x 19 Luger pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	1915.00
	1990.00
	2092.00
	2123.00
	2119.00
	1946.00
	2141.00
	2144.00
	1956.00
	2019.00
	2044.50
	87.00

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	100
	bar
	2734.00
	2745.00
	2720.00
	2727.00
	2914.00
	2749.00
	2898.00
	2540.00
	2947.00
	 Note 1
	2774.89
	118.08

	
	% ambient
	133.72
	134.26
	133.04
	133.38
	142.53
	134.46
	141.75
	124.24
	144.14
	 
	135.72
	

	110
	bar
	2922.00
	3042.00
	2770.00
	2884.00
	2892.00
	2737.00
	2918.00
	2570.00
	Note 2
	2724.00
	2828.78
	120.37

	
	% ambient
	142.92
	148.79
	135.49
	141.06
	141.45
	133.87
	142.72
	125.70
	 
	133.24
	138.36
	


 Note 1: Gun not cocked
 Note 2: Rounds knocked during removal from oven, powder loss noted



[bookmark: _Toc224046929][bookmark: _Toc224899305]A.8.2 - 9 x 19 Luger Velocity
[bookmark: _Toc224899191]Table 32 - 9 x 19 Luger velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	m/s
	 
	374.00
	376.00
	385.00
	387.00
	375.00
	390.00
	387.00
	375.00
	376.00
	380.56

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	100
	m/s
	407.00
	411.00
	405.00
	411.00
	417.00
	414.00
	417.00
	399.00
	 Note 1
	Note 2
	410.13

	
	% ambient
	106.95
	108.00
	106.42
	108.00
	109.58
	108.79
	109.58
	104.85
	 
	 
	107.77

	110
	m/s
	414.20
	415.00
	410.00
	415.00
	414.00
	410.00
	416.00
	407.00
	 Note 3
	403.00
	411.58

	
	% ambient
	108.84
	109.05
	107.74
	109.05
	108.79
	107.74
	109.31
	106.95
	 
	105.90
	108.15


Note 1: Chronograph did not pick up bullet
Note 2: Gun not cocked
Note 2: Rounds knocked during removal from oven, powder loss noted
[bookmark: _Toc224899306] A.8.3 – 9 x 19 Luger Averages
[bookmark: _Toc224899192]Table 33 - 9 x 19 Luger average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	2045
	N/A
	380.6
	N/A

	100
	2775
	35.7
	410.1
	7.8

	110
	2829
	38.4
	411.6
	8.2





[bookmark: _Toc224046930][bookmark: _Toc224899307]A.9 - .338 Lapua Magnum (EP Ammunition)
Manufacturer: EP Ammunition
Type: 232gr Solid Armour-Piercing 
Batch: 06-14-001
Propellant: Unknown
Notes: Machined brass bullet, tungsten carbide core
[bookmark: _Toc224046931][bookmark: _Toc224899308]A.9.1 - .338 Lapua Magnum (EPA) Pressure
[bookmark: _Toc224899193]Table 34 - .338 Lapua Magnum (EPA) pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	3025.00
	2967.00
	3157.00
	3019.00
	3143.00
	2967.00
	3011.00
	2996.00
	3159.00
	3108.00
	3055.20
	72.74

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	100
	bar
	4183.00
	4138.00
	4281.00
	4328.00
	4232.00
	4158.00
	4274.00
	Note 1
	4355.00
	4317.00
	4251.78
	101.23

	
	% ambient
	136.91
	135.44
	140.12
	141.66
	138.52
	136.10
	139.89
	 
	142.54
	141.30
	139.17
	

	110
	bar
	4512.00
	4538.00
	4554.00
	4620.00
	4825.00
	4543.00
	4582.00
	Note 2
	4824.00
	4659.00
	4628.56
	110.20

	
	% ambient
	147.68
	148.53
	149.06
	151.22
	157.93
	148.70
	149.97
	 
	157.89
	152.49
	151.50
	


 Note 1: Gun not cocked
 Note 2: Case re-aligned after loading, took longer


[bookmark: _Toc224046932][bookmark: _Toc224899309]A.9.2 - .338 Lapua Magnum (EPA) Velocity
[bookmark: _Toc224899194]Table 35 - 338 Lapua Magnum (EPA) velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	m/s
	849.00
	828.00
	845.00
	 
	844.00
	826.00
	829.00
	836.00
	845.00
	847.00
	838.78

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	100
	m/s
	944.00
	940.00
	952.00
	952.00
	949.00
	941.00
	950.00
	 Note 1
	954.00
	952.00
	948.22

	
	% ambient
	112.54
	112.07
	113.50
	113.50
	113.14
	112.19
	113.26
	 
	113.74
	113.50
	113.05

	110
	m/s
	 
	961.00
	 
	963.00
	975.00
	960.00
	960.00
	 Note 2
	971.00
	966.00
	965.14

	
	% ambient
	 
	114.57
	 
	114.81
	116.24
	114.45
	114.45
	 
	115.76
	115.17
	115.07


Note 1: Gun not cocked
Note 2: Case re-aligned after loading, took longer
[bookmark: _Toc224899310]A.9.3 - .338 Lapua Magnum (EPA) Averages
[bookmark: _Toc224899195]Table 36 - .338 Lapua Magnum (EPA) average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	3055
	N/A
	838.8
	N/A

	100
	4252
	39.2
	948.2
	13.0

	110
	4629
	51.5
	965.1
	15.1





[bookmark: _Toc224046933][bookmark: _Toc224899311]A.10 - .338 Lapua Magnum (Swiss Munition)
Manufacturer: Swiss Munition
Type: “SWISS P” 260gr FMJHC AP
Batch: 23-LC
Propellant: Double Base
Notes: Lead rear core, tungsten carbide front core, copper jacket
[bookmark: _Toc224046934][bookmark: _Toc224899312]A.10.1 - .338 Lapua Magnum (SM) Pressure
[bookmark: _Toc224899196]Table 37 - 338 Lapua Magnum (SM) pressure results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average
	Av % CIP Pmax

	
	Result
	
	
	
	
	
	
	
	
	
	
	
	

	21
	bar
	2980.00
	3066.00
	3087.00
	3017.00
	3032.00
	3008.00
	2948.00
	2992.00
	3042.00
	2950.00
	3012.20
	71.72

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00
	

	100
	bar
	4716.00
	4609.00
	4749.00
	4739.00
	4643.00
	4722.00
	4846.00
	4770.00
	4770.00
	4667.00
	4723.10
	112.45

	
	% ambient
	156.56
	153.01
	157.66
	157.33
	154.14
	156.76
	160.88
	158.36
	158.36
	154.94
	156.80
	

	110
	bar
	5273.00
	5207.00
	5195.00
	5087.00
	5232.00
	5293.00
	5229.00
	5218.00
	5318.00
	5123.00
	5217.50
	124.23

	
	% ambient
	175.05
	172.86
	172.47
	168.88
	173.69
	175.72
	173.59
	173.23
	176.55
	170.08
	173.21
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[bookmark: _Toc224899313]A.10.2 - .338 Lapua Magnum (SM) Velocity
[bookmark: _Toc224899197]Table 38 - .338 Lapua Magnum (SM) velocity results
	°C
	SHOT ->
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Average

	
	Result
	
	
	
	
	
	
	
	
	
	
	

	21
	m/s
	786.00
	787.00
	794.00
	792.00
	791.00
	790.00
	786.00
	787.00
	792.00
	785.00
	789.00

	
	%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	100.00

	100
	m/s
	884.00
	882.00
	888.00
	886.00
	884.00
	889.00
	892.00
	888.00
	888.00
	884.00
	886.50

	
	% ambient
	112.04
	111.79
	112.55
	112.29
	112.04
	112.67
	113.05
	112.55
	112.55
	112.04
	112.36

	110
	m/s
	 
	906.00
	907.00
	900.00
	906.00
	908.00
	904.00
	904.00
	907.00
	890.00
	903.56

	
	% ambient
	 
	114.83
	114.96
	114.07
	114.83
	115.08
	114.58
	114.58
	114.96
	112.80
	114.52



[bookmark: _Toc224899314]A.10.3 - .338 Lapua Magnum (SM) Averages
[bookmark: _Toc224899198]Table 39 - .338 Lapua Magnum (SM) average results
	Temperature (°C)
	Average Pressure
	Average Muzzle Velocity

	
	Bar
	% Uplift from Ambient
	m/s
	% Uplift from Ambient

	21
	3012
	N/A
	789
	N/A

	100
	4723
	56.8
	886.5
	12.4

	110
	5218
	73.2
	903.6
	14.5





[bookmark: _Ref224045874][bookmark: _Toc224046936][bookmark: _Toc224899315]Annex B: Equipment
	Equipment
	Serial Number

	Kistler 6215
	6370608

	Kistler 5015
	4779522

	Kistler 5363A
	6458496

	Yokogawa Oscilloscope
	DLH62679

	LPH Oven
	11670

	LPH MagnetoSpeed Chronograph
	N/A

	LPH .308 Win Barrel (22”)
	14436

	LPH .30-06 Barrel (22”)
	14824

	LPH 8x57 Barrel (24”)
	14677

	LPH .416 Rigby Barrel (24”)
	11219

	EPA HPI GP6
	61252

	EPA .223 Rem Barrel (650mm)
	3950

	EPA 9mm Barrel (200mm)
	3956

	EPA .338 LM Barrel (695mm)
	3954

	EPA Oven
	ZRD-A055A

	EPA Garmin Chronograph
	8CE018513
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[bookmark: _Toc224046938][bookmark: _Toc224899317]C.1 - Gantt Chart
[image: ]
[bookmark: _Toc224899215]Figure 16 - Gantt chart
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[bookmark: _Toc224899199]Table 40 - Project finances
	Item
	Qty
	 Total Cost 

	Pressure testing ancillaries
	N/A
	 £           575.00 

	Freight
	N/A
	 £             20.00 

	Safety Glasses
	1
	 £               7.96 

	Flameproof top
	1
	 £           167.94 

	Gloves (thick)
	1
	 £               3.76 

	Gloves (thin)
	1
	 £             14.98 

	Travel costs
	N/A
	 £           283.30 

	Total Cost:
	 £        1,072.94 

	£3,000.00 Budget, less costs:
	 £        1,927.06 








[bookmark: _Ref224045897][bookmark: _Toc224046939]









[bookmark: _Toc224899319]Annex D: Safety Argument & Risk Assessment
[bookmark: _Toc224046940][bookmark: _Toc224899320]D.1 – Safety Argument
Ignition of Ammunition outside Breech
Within the proposed work, there are two principal means of ignition:
•	Temperature of Ignition (T of I) of propellant being exceeded
•	T of I of primer compound being exceeded
If any of the above were to occur, they would do so either in the oven or while being handled between oven and loading. The first section of this safety argument deals with the possibility of ignition, and the second deals with the potential consequence of ignition. 
Temperature of Ignition - Propellant
Nitrocellulose-based (all) small arms propellant is widely known to have a temperature of ignition between 160°C and 175°C – a review of a variety of propellant datasheets has confirmed this to be accurate. The testing will cease at 120°C, a comfortable margin away from even the low end of the ignition temperature range. The oven will be fitted with an additional thermal cut-out (one built-in for temperature regulation, and one separate plug type thermostat to cut the power if the temperature goes too high. This cutout will be tested beforehand to assure correct function.  
Temperature of Ignition – Primer
The typical primer compound is a mixture of lead styphnate and barium nitrate. Commercial lead styphnate has a T of I of between 310°C and 330°C [1]. The onset of decomposition is 244°C [2]. Both of these are significantly above the propellant T of I and can effectively be ignored. It is possible that ammunition containing environmentally-friendly lead-free primers will be unknowingly used. A review of data in a paper discussing environmentally friendly initiatory explosives (including replacements for lead styphnate in primers) was conducted [3] and no materials with lower T of Is than the propellant were noted. 
Use and Storage of Conditioned Ammunition
Conditioned ammunition will be used on the same day (or disposed at the end of the day if there is any excess), no conditioned ammunition shall be stored overnight. All conditioned ammunition will be of “known quantity” such that it has been properly stored and is not excessively old. 
Ignition outside of Breech
When ammunition is ignited outside of a breech/barrel, there is nothing to contain the pressure and accelerate the bullet to any meaningful velocity. Instead, the bullet and primer cup are blown out of the case at comparatively low velocity, and sometimes the case itself will rupture and fragment. 
Studies and experiments on the hazard posed by ignition of Small Arms Ammunition (SAA) outside of a gun breech have been conducted over the years – the most significant of which was conducted by the Sporting Arms & Ammunition Manufacturer’s Institute (SAAMI) in 1974. This focused principally on the hazard to firefighters, who have a high likelihood of encountering quantities of SAA (both in their designed primary packaging and a variety of unpackaged states) in a fire. The results of this trial were published in the Fire Journal - January 1977 edition [4]. The conclusion states that standard firefighter turnout gear offers sufficient protection, however it should be noted that witness screen distance in this test was typical of a normal close fire-fighting distance (screens located between 7m and 11m)
SAAMI also produced a leaflet circa. 2000 (p4-10) [5] on the topic of handling & storing SAA in which they state:
“The small primer cups or rimfire case fragments are the missiles of highest velocity in such occurrences. Specifically, bullets and shot charges, being heavier than shell or cartridge cases in most instances, are rarely projected away from the location at which the un-chambered round of ammunition was caused to ignite and discharge. However, small particles of metal or plastic from the burst case and primer cups may be propelled for short distances (usually not over 50 feet) at velocities sufficient in some instances to cause injury or discomfort. In so far as the Sporting Arms and Ammunition Manufacturers’ Institute has been able to determine, there have been no substantiated reports of serious or fatal injuries caused by the discharge of packaged or loose ammunition in handling or in fires, regardless of the quantity or type of cartridges or shotshells involved. SAAMI has no verified report of any fire fighter hurt by flying bullets or shot pellets in fires involving a sportsman’s in-the-home personal supply of ammunition, a retail sporting goods store’s stock, wholesaler’s or distributor’s sizable inventory, or an in-transit cargo of this product.”
The 1974 test also examined sympathetic reaction of unpackaged ammunition and determined that it was not a credible hazard:
“Stocks of small arms ammunition will NOT mass explode. That is to say, if one cartridge or shotshell in a carton or case is caused to fire, it will not cause other adjacent cartridges or shotshells or their packages to explode sympathetically or in a simultaneous manner. There are no limits imposed on packaged quantities of ammunition which may be shipped, warehoused or displayed in commercial establishments. This fact recognizes the inherently safe, non-hazardous characteristics of such ammunition in public or private storage”
Julian Hatcher also published the results of some of his own testing in the renowned Hatcher’s Notebook (p.532-541) [6]. Hatcher conducted several experiments, using heat to initiate the cartridges.
The first was to de-bunk a newspaper article which stated that a hunter was accidentally killed when a 12-bore shotgun cartridge in his shirt pocket initiated due to a fall. A block of soap was used to simulate skin, over which some thin sheet was laid (shirt). The cartridge (7 ½ shot) was sandwiched between the “shirt” and a heavy towel to simulate a jacket, and fired. A cardboard box was inverted over the test setup, and the cartridge fired using a welding electrode touching the primer. Shot and unburned powder was found scattered inside the box. There were no marks on the box, no scorch or burn on the cloth, and no dent or bruise on the soap. Subsequent police investigation found that the death was in fact due to accidental shooting and had nothing to do with the pocketed cartridge.
This experiment was then repeated using a .45 ACP pistol cartridge. Again, no damage to the soap and no scorching of cloth. The bullet had made a slight mark on the inside of the cardboard box (which Hatcher states “could not be called a dent”). Most of the powder was unburnt, and the empty case remained in the wire loop holding it in place. 
The final repeat was conducted with a .30-06 rifle cartridge (which is a step up in propellant content from 7.62 NATO). This resulted in a dent in the soap approximately ¼ of an inch deep. The cartridge case ruptured and some fragments of brass had been thrown out, but none with enough energy to mark the cardboard box. The bullet made a slight indentation in the box, and there was a minor scorch mark on the cloth. 
This set of experiments was repeated again (Hatcher does not state how many times), and the cardboard box was only penetrated in one instance by the primer cup when the cartridge was initiated by heating the case wall (it melted through the brass immediately) rather than directly on the primer. Hatcher stated that powder flamed out of the resulting hole for seven seconds, and three seconds after all the powder was burned, the primer ignited - and left the case. This particular test is of great relevance – all test cartridges will contain 2mm holes for the pressure transducer (note – I will not be involved in any hole drilling; this will be conducted solely by LPH staff). This hole will provide some pressure relief in the event of initiation such that the chance of the case bursting or bullet leaving are greatly diminished – and if this does happen, both will have substantially less energy than if there was no hole. 
Hatcher’s finding here is in agreement with the findings of the 1977 Fire Journal write-up:
“Missile hazard is minimal even at relatively short distances…The missiles of highest velocity are the primer cups which, because of their poor aerodynamic shape and light weight, lose velocity rapidly. At very close distances they could cause superficial flesh wounds [if unprotected]”
Further tests were performed by placing a variety of rifle and pistol cartridges base-down in an empty lead melting pot, covering the open top with a layer of cardboard, and waiting for the cartridge to initiate. In no instance did any bullets pierce or even heavily dent the cardboard. 
A final test involving the initiating of .22 rimfire cartridges (by candle) inside a cardboard box demonstrated that the resulting case fragments did have sufficient force to break skin. The fragments were trapped in the cardboard. It should be noted that rimfire cartridges have extremely thin case walls and case heads (as the case head/rim itself must be deformed by the firing pin) so are most likely to fragment when fired unsupported. Rimfire cartridges will not be examined as part of the proposed work.
Nomex coveralls will be worn, along with close-fitting safety glasses and kid leather gloves – all of which have been proven in the pyrotechnics field. Unfortunately, there is no way around a degree of manual handling – rounds will have to be removed from the oven and loaded into the breech by hand. 
This handling exercise is somewhat analogous (albeit at less severity) to the established Silver Vessel test, in which operators remove a glass vessel containing 80g of propellant – which has been deliberately depleted of stabiliser – by hand. Operators wear a lab coat to EN11612), thermal gloves to EN407 L2, and eye protection to EN166 F. The NEQ of the largest round under test will be considerably under 6g. 
Examination of the risk matrix shows that the highest level of severity that would apply – even with no protection – is “Serious” (Single severe injury / illness, multiple minor injuries or cases of occupational illness (reportable). The next step up (“Critical” – single fatality) does not apply as ignition does not have lethal consequences. The wearing of the described PPE is sufficient to bring the severity down to “Minor” - Minor (first aid only) injury or short-term absence (non-reportable). 
The likelihood of an initiation will remain at “Remote” (Extremely unlikely, but may exceptionally occur (e.g. one occurrence every few years). – fundamentally, a propellant is being heated so risk cannot be improbable, but steps have been taken to ensure that T of I is not exceeded and a 50% safety margin will be enforced with respect to conditioning time (2hrs max vs. 4hr 10-yr life). I believe these measures are sufficient to prevent initiation occurring during the activity and therefore remain remote rather than occasional. 

Safety Argument References
[1] 	Bureau of Ordnance, "MIL-L17186 MILITARY SPECIFICATION LEAD STYPHNATE, NORMAL (COMMERCIAL GRADE)," 1852.
[2] 	DEPARTMENT OF DEFENCE MATERIAL RESEARCH LABORATORIES, "THERMOCHEMISTRY OF NORMAL AND BASIC LEAD STYPHNATES USING DIFFERENTIAL SCANNING CALORIMETRY," Melbourne, 1986.
[3] 	"Environmentally Friendly Energetic Materials for Initiation Devices," Central European Journal of Energetic Materials, vol. 9, no. 4, pp. 293-327, 2012. 
[4] 	"Facts about Sporting Ammunition Fires," Fire Journal, pp. 1-6, 1977. 
[5] 	SAAMI, "Small Arms Ammunition Properties & Recommendations for Storage & Handling".
[6] 	J. Hatcher, Hatcher's Notebook, 1957, pp. 532-541.
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	Activity/Process Description: (break activity/process down to include sub tasks)
	Activity/Task Description List: (sub tasks)                                                      

	L6 OME Degree Final Project:
Extreme temperature conditioning of small arms ammunition

The goal of this project is to examine if, by temperature conditioning alone, a factory round of small arms ammunition can be turned into a proof round generating 25% over CIP maximum pressure. The project will examine the temperature-pressure relationship number of different natures of small arms ammunition and examine the viability of a “rule of thumb”, allowing the proof of one-off or exotic cartridges which have not been accepted by the CIP.

Note that this risk assessment applies solely to the QinetiQ employee (Luke Malcolm) attending the Proof House/EPA and his participation in the trial. External staff will be working according to their own practices and procedures.
	1.
	Handling & loading of conditioned ammunition

	
	2.
	Firing of conditioned ammunition

	
	3.
	Clearing of misfires

	
	

	Facility Type and Location:                                                                                                  Info
	

	Specialist Proof Establishment
London Proof House -  48-50 Commercial Rd, London E1 1LP
EP Manufacturing Ltd – Hanger 2211, 626 Squadron Way, Lincoln, LN3 5DR




	

	
	Assessment Team: (names of those involved in the risk assessment development)   Info

	Initial                             
Assessment Date:
	03/11/25
	Valid Until Date:                
	03/11/26
	1.
	Luke Malcolm
	
	

	Initial Risk Rating:       
(highest recorded risk rating)
	H
	Final Risk Rating:             
(highest recorded residual risk rating)
	L
	2.
	David Miles
	
	

	Risk Assessor Name:      
	L Malcolm
	Date: 03/11/25
	
	
	
	



	RISK MATRIX

	SEVERITY
		SEVERITY
	LIKELIHOOD                        

	
	Health/Safety
	Environmental
	
	Health/Safety
	Environmental

	C
	Catastrophic Multiple fatalities.
	Severe damage, recovery time in years, permanent widespread damage.
	F
	Frequent Likely to be continually experienced.
	Not surprised by activity, will occur several times a year or daily event.

	Cr
	Critical Single fatality, multiple severe injuries and/or reportable occupational illness.
	Significant but less severe impact, recovery time less than one year, long-term widespread damage.
	P
	Probable Likely to occur more than once throughout the activity.








	Occurs repeatedly, an incident/task to be expected.









	Se
	Serious Single severe injury / illness, multiple minor injuries or cases of occupational illness (reportable).
	Adverse impact with the effects limited to the local area, short-term widespread damage.
	O
	Occasional Unlikely, but may occur once throughout the activity.
	Occurs sometimes or is a 6 monthly/annual event.

	M
	Minor: Minor (first aid only) injury or short-term absence (non-reportable).
	Minor impact with effects limited to the immediate area, minimal clean up required, long-term local damage.
	R
	Remote Extremely unlikely, but may exceptionally occur (e.g. one occurrence every few years).
	Unlikely though conceivable, may occur every few years.

	N
	Negligible: Trivial consequence, no measurable effects; non-first aid (non-reportable).
	Very little or no impact on the environment, short-term local damage.
	I
	Improbable Theoretically could happen but probably never will.
	Theoretically could happen but probably never will.

	RISK RATING                                                                            

	VERY HIGH
	Work must not commence or facility shall not be used until management action has been taken to reduce the final overall risk rating. 

	HIGH
	Reduce risk through additional controls include e.g. Safe Method of Work, Permit to Work, etc.


	MEDIUM
	Reduce risk through additional controls if practicable. Requires written safe system of work, training or competence needs documented.  

	LOW
	This work which may be of a routine nature will be accompanied by simple work instructions.

	TRIVIAL
	Risk is adequately controlled, additional controls required only if the benefits justify the effort.




	LIKELIHOOD
	
	C
	Cr
	Se
	M
	N
	

	
	F
	VH
	VH
	H
	M
	L
	

	
	P
	VH
	VH
	H
	M
	L
	

	
	O
	H
	H
	M
	L
	T
	

	
	R
	M
	M
	L
	T
	T
	

	
	I
	L
	L
	T
	T
	T
	

	
	


	





	Task Description List: (Task & Item Number i.e. 1.1; 2.2 etc.)

	Task & Item No.
	Hazard
(exposure to)
	How it might happen (Cause) and
Who might be Harmed
	Initial Risk Rating
	Control Measures necessary to reduce
the risk to ALARP/ALARA
	Final Risk Rating

	
	
	
	L   x   S   =   R
	
	L   x   S   =   R

	1.1
	High Temperature Ammunition
	Who: QQ Employee
Harm: Burns
How/Cause: Contact with hot round of ammunition
	P
	M
	M
	Existing Controls:

Gloves to EN 407 L2 to be worn while handling ammunition

Further Controls:

N/A
	R
	M
	T

	1.2
	High Temperature Ammunition (T of I)
	Who: QQ Employee
Harm: Burns
How/Cause: Ignition of conditioned ammunition outside of breech due to Temperature of Ignition of ammunition being exceeded
	O
	Se
	M
	Existing Controls:

Temperature of ignition of energetic components understood prior to firing
Agreement with SME to limit maximum temperature to 120C (T of I of gun propellants 160-170C, T of I of primer components 300C+)

Further Controls:

N/A
	R
	Se
	L

	1.3
	High Temperature Ammunition (T of I)
	Who: QQ Employee
Harm: Burns
How/Cause: Ignition of conditioned ammunition outside of breech due to stabiliser depletion & autocatalytic reaction
	O
	Se
	M
	Existing Controls:

Nomex top and lab coat to EN 11612 to be worn while handling ammunition
Eye protection to EN 166 to be worn while handling ammunition
Nomex balaclava to be worn while handling ammunition
Gloves to EN 407 L2 to be worn while handling ammunition

Further Controls:

N/A
	R
	Se
	L

	1.4
	High Temperature Ammunition (Stabiliser)
	Who: QQ Employee
Harm: Penetrating/lacerating fragment injury
How/Cause: Ignition of conditioned ammunition outside of breech due to stabiliser depletion & autocatalytic reaction
	O
	Se
	M
	Existing Controls:

Nomex top and lab coat to EN 11612 to be worn while handling ammunition
Eye protection to EN 166 to be worn while handling ammunition
Nomex balaclava to be worn while handling ammunition
Gloves to EN 407 L2 to be worn while handling ammunition

Further Controls:

N/A
	R
	Se
	L

	1.5
	High Temperature Ammunition (Stabiliser)
	Who: QQ Employee
Harm: Penetrating/lacerating fragment injury
How/Cause: Ignition of conditioned ammunition outside of breech due to stabiliser depletion & autocatalytic reaction
	O
	Se
	M
	Existing Controls:

Nomex top and lab coat to EN 11612 to be worn while handling ammunition
Eye protection to EN 166 to be worn
Gloves to EN 407 L2 to be worn while handling ammunition

Further Controls:

N/A
	R
	Se
	L

	1.6
	High Temperature Ammunition (any cause)
	Who: Proof House Employee
Harm: Penetrating/lacerating fragment injury
How/Cause: Ignition of conditioned ammunition outside of breech due toany means

	O
	Se
	M
	Existing Controls:

Section of proof house to be cordoned off
Any members of LPH staff in area by necessity must wear eye protection to EN 166


Further Controls:

N/A

	R
	Se
	L

	2.1
	Weapons Fire
	Who: QQ Employees
Harm: Gunshot injury
How/Cause: Exposure to weapons fire
	R
	Cr
	M
	Existing Controls:

Proof house procedures to be followed throughout firings
All personnel briefed on activity and exact procedure to be followed
Minimal space between muzzle & bullet trap (not actually practical to be in line of fire)
No reason for an individual to be in front of the gun – no target to change, etc.


Further Controls:

N/A
	I
	Cr
	L

	2.2
	Weapons Fire
	Who: QQ Employees
Harm: Hearing Damage
How/Cause: Exposure to the impulse noise of firing
	P
	Se
	H
	Existing Controls:

Ear protection to EN 352 to be worn in bay until bore has been proved clear.
Ear protection will remain in place if other parties are operating in adjacent proof bays.

Further Controls:

N/A

	R
	Se
	L

	2.3
	Products of Combustion
	Who: QQ & LPH Staff
Harm: Respiratory Damage
How/Cause: Exposure products of combustion

	O
	Se
	M
	Existing Controls:

Local extraction to be switched on for all firing
Local extraction is designed for high volumes of fire, this trial involves comparatively small amounts of ammunition

Further Controls:

N/A

	R
	Se
	L

	3.1
	Weapons Fire (malfunction clearing)
	Who: QQ Employee
Harm: Gunshot Injury
How/Cause: Exposure to weapons fire
	R
	Cr
	M
	Existing Controls:

ONLY Proof House staff to carry out misfire drills
All personnel briefed on activity and exact procedure to be followed
Minimal space between muzzle & bullet trap (not actually practical to be in line of fire)
No reason for an individual to be in front of the gun – no target to change, etc.

Further Controls:

N/A
	I
	Cr
	L

	3.2
	Weapons Fire (malfunction clearing)
	Who: QQ Employee
Harm: Hearing Damage
How/Cause: Exposure to the impulse noise of firing
	P
	Se
	H
	Existing Controls:

ONLY Proof House staff to carry out misfire drills
Ear protection to EN 352 to be worn in bay until bore has been proved clear.

Further Controls:

NA
	R
	Se
	L



	Part 3 - Supporting Documentation:


	Task & Item No.
	Document Name(s) 
	Document Reference(s)                        

	[1]
	Safety Argument
	(1)

	[2]
	SOP 024 v1 “Heat Conditioning Ammunition for Proof Purposes and Pressure Testing Ammunition”

	(2)

	[3]
	RA02 “Proofing Booths”
	(3)
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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:
	Luke Malcolm

	2
	Student Number:
	2030773


	3
	Email address:
	2030773@student.uwtsd.ac.uk

	4
	Programme of Study:
	L6 Ordnance, Munitions, and Explosives

	5
	Director of Studies/Supervisor:
	Dr. Mark Broadhead



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 codes 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
	UWTSD Research Ethics & Integrity Code of Practice
	☒
	2
	UWTSD Research Data Management Policy
	☒

	3
	
	☐



SECTION C: Details of Research Activity
	1
	Indicative title:
	Extreme Temperature Conditioning of Small Arms Ammunition for the Proof of Non-CIP Cartridges


	2
	Proposed start date:
	July 2025
	Proposed end date:
	April 2026

	
	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
All firearms in the UK must be “proved” before they can be sold or transferred, in a process dating back to 1855. This process involves firing two dangerously over-charged cartridges, designed to produce a minimum of 25% overpressure (“proof loads”). If the firearm is not damaged, a special proof mark is applied denoting that the test has been passed. Presently, loads are specially developed, tested, and produced in a time-consuming and expensive process. This is typically done by changing the type of powder filling the cartridge, increasing the amount of propellant, increasing the bullet weight, or a combination of the three.  The Proof process is governed both by statutory instruments – principally the Proof Act of 1868. The Permanent International Commission for the Proof of Small Arms (CIP) set out the Rules of Proof. The CIP rules form schedules of the statutory acts. 


(this box should expand as you type)

	4
	Research Question
Can temperature conditioning alone be used as a means of turning a standard factory-produced round of ammunition into a proof load?


(this box should expand as you type)

	5
	Aims of Research Activity
To reduce the cost and time associated with the production of proof ammunition, and to give the Proof House a method of proofing exotic or “one-off” cartridges, for which pressure barrels do not exist and for which even getting hold of cartridge cases is difficult


(this box should expand as you type)

	6
	Objectives of Research Activity
Following the completion of the experimental phase, a single report will be produced, and recommendation made as to if a general “rule of thumb” is viable. If it is not, recommendations will be made as to each individual cartridge tested as to the temperature increase required to generate 25% overpressure. 

(this box should expand as you type)

	
	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
	Cartridges will be heated in a conditioning chamber, loaded into a special barrel (drilled and tapped to accept a pressure transducer) and the cartridge then fired remotely. 

The pressure reading will be recorded. 

This will be repeated a number of times across a number of different temperatures. It is this straightforward – nothing more, nothing less. 


(this box should expand as you type)



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:

Data will be collected using Kistler 6215 pressure gauges and analysed using MS Excel

(this box should expand as you type)
	
	



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:
N/A

(this box should expand as you type)
	
	



	
	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?

	3-4 (note – these are people who will be present for the research activity, they are not subject to any questionnaires, surveys, etc etc)

	11
	Who will the participants be?

	Researcher, Proof Master, Proof House Staff Member(s)


(this box should expand as you type)

	12
	How will you identify the participants?
	Participants have already had input to the research proposal. 


(this box should expand as you type)




	
	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 

	
	No personal data will be collected and no questionnaires issued. Research is not observational. I do not believe written consent is required, as all “participants” are part of the research team or already involved in the proposal of the research. 



	
	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 

	
	



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:
1. Burns due to manual handling of hot ammunition
2. Physical harm by ignition of hot ammunition outside of the gun breech1 by cook-off (temperature of ignition)
3. Physical harm by ignition of hot ammunition outside of the gun breech1 by autocatalytic reaction (stabiliser depletion)2

1Note to those unfamiliar with small arms ammunition – an ignition outside of a breech/barrel results in the cartridge case rupturing and the bullet flying off with only a tiny fraction of the energy it would normally have when leaving a gun system. This is due to the complete lack of confinement. Tests conducted by the Sporting Arms & Ammunition Manufacturer’s Institute (SAAMI) show that the standard protective clothing worn by firefighters is enough to prevent injury by fragments entirely, thus it can be drawn that while fragments may have sufficient energy to cause a wound against bare skin, they will not cause severe injury.

The researcher has eight years of experience working with energetic materials and ammunition at QinetiQ, and 12 years of experience routinely handling small arms & ammunition.

2all propellant contains a chemical stabiliser with the role of absorbing nitrogen oxides that are produced over time, thus suppressing any autocatalytic decomposition. The stabilisers are slowly depleted over time – usually 10+ years in good storage, but they deplete faster at higher temperatures. By ensuring that conditioned ammunition is used immediately (but is also a comfortable temperature away from its automatic ignition temperature) the risk of this is reduced. 
	How you will mitigate the risk to participants:
1. Wearing of the appropriate heat-proof PPE
2. Ensuring that the temperature of ignition of constituent energetic parts is known, and by staying a comfortable distance away from it from a temperature standpoint (nitrocellulose-based gun propellant T temperature of ignition 160-170C, proposing to “stop” at 120C), wearing of an appropriate face shield while handling ammunition
3. Ensuring that conditioned rounds are disposed of immediately (by firing) and not placed back into storage, wearing of an appropriate face shield while handling ammunition

	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 – none of the above involved. 




	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:
Per section F1



	How you will mitigate the risk to the investigator:
Per section F1




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

	
	Risk to the University:
1. Adverse publicity due to student injury
2. Financial loss due to student injury 



	How you will mitigate the risk to the University:
1 & 2: Student (researcher) will follow precautions in section F1 




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

	
	Risk to the environment:
1. Lead contamination from the firing of small arms ammunition



	How you will mitigate the risk to environment:

1. The Proof House uses special water-filled snail traps to capture the fired bullets and particulate matter. These are then separated and recycled. No handling of exposed lead (or any other hazardous material) will be required by this project. 





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? 

	
	The final report will be distributed once it has been completed – to my employer and to the London Proof House. 

(this box should expand as you type)

	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 – no questionnaire being produced, people involved in the research are already involved in the proposal. 

(this box should expand as you type)

	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. 

	
	The naming of any organisations will only be done with their explicit permission. Names will not be mentioned without explicit permission. 

(this box should expand as you type)



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.
	☐
	☒


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

	2
	N/A

	
	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),
	
☐
	
☒


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

	4
	N/A





	
	
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:

	
	All data will be kept in password protected cloud storage on the University Office 365 system which
will not be shared. Audio/visual data will be transcribed and would be shown to participants to
check accuracy of reporting. Any USB sticks used to store or transfer data will be password protected. All participants will be given a unique identifier to ensure confidentiality and this list will be kept securely in the password protected folder. 


(this box should expand as you type)



	
	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 information is being collected or stored. Data will be shared with my employer (QinetiQ Ltd) and the London Proof House – with whom the testing will be conducted. 

(this box should expand as you type)

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

	
	Researcher, supervisor, workplace team & group leads, 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



	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. 

	
	All data will be encrypted and kept in password protected cloud storage on the University Office 365 system which will not be shared. Any USB sticks used to store or transfer data will be password protected, and will be reformatted at the end of the project in order to destroy the data. The data will be stored until the completion of the project and then deleted. 

(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:
	L Malcolm
	Date:


	2
	Director of Studies/Supervisor:
	
	Date:

	3
	Signature:
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