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       By understanding the inherent hazards and risks, be they via poorly managed inventory and transportation or, just as importantly, the environmental and chemical decomposition hazards, then a greater understanding of the mitigation in place to suppress these is gained. The investigation will delve into understanding the component parts of a large calibre artillery round, the nuances of each, the hazards, mitigation techniques as well as provide evidence for improvement areas. Improvement focus will be on the HE filling within the round and the possible benefits of moving away from melt cast TNT.
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1. [bookmark: _Toc140144522]Introduction

Explosives and propellants are integral to any nations’ defence industry. The explosive sector is a mature research field, dating back from the use of black powder in China, to the French chemist Eugene Turpin pressing and manufacturing Pitric acid, through to the still used, usage of 2,4,6-Trinitrotoluene, TNT [1] [2]. The widespread usage of TNT and its incredible versatility in many fields has kept it as the stable source for commercial and defence industries. However, explosive transport costs are increasing, and storage times are prolonging, yet the hazards associated to TNT and all explosives are still present. In an ever more stringent, tightly regulated and environmentally conscious world, research, time, and money is being used to create insensitive explosives. The aim, hope, is to mitigate against the plethora of hazards associated with current in-use artillery explosives and to ensure reliability Is still key in any complex situation, be it manufacturing, disposal or battlefield use [3].
The aim of this investigation is to discuss and understand the complex systems that make a melt cast TNT filled large calibre artillery round. The purpose is also to understand the hazards associated with the storage and transportation of the round, be they chemical, environmental, or physical, as well as ways to mitigate them and ultimately, to provide to improve opportunities.


2. [bookmark: _Toc140144523]Properties of A large Calibre Artillery Round

A large calibre artillery round is a complex, multi-faceted system, it is a sum of many parts. Simplistically, these include:
· Fuze
· Main explosive filling
· Propellant 
· Ignition system
· Shell casing

These component work harmoniously together to deliver the desired effect it was created for, be it anti-personnel, anti-structure, or anti-armour as examples.
 Upon firing, the round, figure 2.1, is propelled by bagged/stick increment charges, figure 2.2. This igniferous lighting of the propellant creates high-pressure within the confined cases from the bags and barrel that propels the round. In flight, the fuze at the tip of the round controls the timing of detonation. The fuze, a primary explosive, initiates the detonation of a small secondary explosive (Booster) to propagate the shock wave and initiate the HE filling, as it requires a greater stimuli than just the detonation of a primary explosive. The detonation releases tremendous amounts of energy, a process known as the initiation train, figure 2.3.
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[bookmark: _Toc139971401][bookmark: _Toc140144092]Figure 2‑1 - Simplistic annotated cross-sectional view of a large calibre artillery round – Including detachable fuze head, shell casing and cut-through view to expose HE fill [4]
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[bookmark: _Toc140144093]Figure 2‑2 - Stick propellant increments in bagged charge [5]
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[bookmark: _Toc139372607][bookmark: _Toc139971403][bookmark: _Toc140144094]Figure 2‑3 - Simplified Initiation Train [6]


3. [bookmark: _Toc140144524]Potential Hazards and Inherent Risks

Explosives, be them in storage, transport or deployed for use, are susceptible to environmentally caused issues. Temperature and humidity, alongside time, can alter the chemical compounds within the explosive whilst also physically altering the component parts [7]. Research has shown that exposure to both high and low temperature environments (above 30°C and below -12°C) [8] can cause significant chemical decompositions and failure of the hardware keeping the round together  system [9]. Examples of this are considered below.

3.1. [bookmark: _Toc140144525]Fuze

[bookmark: _Toc139967057]Composed of a primary explosive substance, designed to detonate easily, and initiate the larger, less sensitive secondary explosive. The explosive used tends to be Lead Azide, an inorganic compound in the N3 group that has an almost immediate deflagration to detonation transition. Broad temperature changes cause the crystalline structure to transform and weaken it to friction or shock. This can lead to extrusion, a change of volume and even caking. All of which can lead to an undesired change in density and problems with initiation for desired effect. CO2 within the atmosphere can lead to decomposition due to humidity changes, creating the evolution of Hydrazoic Acid, a  toxic by product for both the environment and human inhalation [10]. Lead is toxic for the environment, decreasing biodiversity whilst also being harmful to the human reproductive system and digestive system from prolonged exposure [11].

3.2. [bookmark: _Toc140144526]Main Explosive Filling

Primary payload of the artillery shell. Composed of a secondary explosive, for this investigation, melt cast TNT. TNT formulations have been used industrially for around 100 years, used for military purposes due to it being inexpensive to mass produce, malleability to be moulded and having a very high detonation velocity/high energy [12]
Although relatively inexpensive, TNT has a plethora of issues when environmental variables are introduced. It's low melting temperature (around 80℃) means when cyclically heated and cooled, “needle” like structures is created within the compound that are shock and friction sensitive [13]. Nitro-glycerine within TNT can exude in high temperatures, creating chemical instability, a process known as Hydrolysis. Nitro-based explosives undergo hydrolysis where the weak bonded nitro groups are easily broken and react with other compounds. This process can lead to a vast decrease in their energy release. At room temperature TNT has a low vapour pressure, but if the temperature is increased, sublimation occurs, and toxic vapours can be released into the environment and the water cycle [14], devastating wildlife and local human populace. Inhalation exposure risks can also occur when stored in confined spaces [13]. 

3.3. [bookmark: _Toc140144527]Propellant

In the form of stick/bag charges, the number used, and arrangement depends on calculated distance to target, desired velocity, and specific artillery piece. Granular form propellant determines burn rate and of energy release. They are generally composed of Nitro-Esters. Under normal temperatures can undergo a slow degradation, and an autocatalytic decomposition which could lead to undesired ignition. Sensitivity to humidity,  increases the generation of ESD and again can lead to auto-ignition. Nitrocellulose has a low bond energy which means these bonds are broken much easier under temperature variances [15]. Lower temperatures can decrease the burn rate of the propellant. This can lead to a decrease of muzzle velocity an unintended trajectory [16].

3.4. [bookmark: _Toc140144528]Shell Casing

The containment of the artillery round, consisting of an outer casing and internal barrier wear liner between the HE. Temperature variations create expansion and cooling stresses, notably at different rates dependent upon the materials. The stresses, be they the casing or seals, etc, can create failure points. In high humidity, these failure/ingress sites  become susceptible to diurnal temperature cycles where extra moisture is now being extracted and deposited at varying rates [17].
Corrosion of the parts can also occur to the casing system. Oxidation via an electrochemical process due to excess water in the atmosphere or uncontrolled humidity. It can be a very difficult process to mitigate once started, and can lead to malfunctions, degradation, misfiring, and unintended events [18].


4. [bookmark: _Toc140144529]Mitigation Techniques

4.1. [bookmark: _Toc139967061][bookmark: _Toc140144530]Service Life

Service life is a term used to define functional life (operational life) and storage life (chemical life). It is the time in which an explosive can safely be stored, transported, handled, and used without complications. It can be lengthened via the use of safe storage of the system as well as chemical additives to stabilise or protect the composition of the explosive to external factors and also internal decomposition.
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[bookmark: _Toc140144095]Figure 4‑1 – Service life wire diagram [15]
       Storage life limitations within the artillery system are uncovered during artificial ageing research tests for months to years (between 40 °C and 80 °C). Its activation energy is calculated and adjusted if required, which provides the new calculation for its storage life [15]. These tests enable researchers to better to comprehend how explosives change during high temperatures.
       Functional life is the time in which the system will perform its purpose. Functional life includes allowing for time-dependant physical incompatibilities. Over long periods of time the breakdown of components can occur due to being in contact with the explosive chemicals. The area also includes the chemical breakdown of explosive binder, which results in a loss of energy content. 
      Governments spend billions annually in order to mitigate the problems in storage and functional life. Chemical binders or additives are used to prolong the storage life of explosive compounds and mitigate the degradation of explosive materials [15]. Some are listed below:
Stabilizers: Compounds added to explosives to slow degradation. Aim to maintain chemical stability, storage life for longer periods of time. 
Desensitizers: Compounds added to explosives to lower sensitivity and reduce chances of unintended initiation by shock, friction, etc. Consequently, can prolong the longevity of explosives. E.g., Waxes added to HE filling [19]
Additives: A wide range of compositions that can be incorporated to counteract the impacts of humidity. They serve various purposes such as reducing ESD, acting as flash suppressants, and preventing degradation under extreme temperatures.
Protective Coatings: Coatings can prevent and slow the process of oxidation which can slowly deteriorate the protective cases, seals of the artillery round. They can include waxes, oils, paints, all of which help create a safe-guarding barrier to prevent atmospheric oxygen reacting with the metallic compounds and rendering the artillery round un-serviceable.

4.2. [bookmark: _Toc140144531]Storage and Transportation of Explosive filled Artillery Rounds

There are vast swathes of information available regarding the safe transport and storage of explosive ammunition. All of which is readily available for all to view. It is carefully regulated and updated with governmental bodies firmly at the helm. The sections to be explored that further mitigate against environmental and chemical decomposition hazards are noted below.

4.2.1. [bookmark: _Toc140144532]Storage

Safe storage of munitions is an integral for munitions life cycle, functional use, shelf-life longevity, personnel, and environmental safety. Straightforwardly, it can be broken down into hazard divisions/classifications, quantity distances and structural controls with environmental controls. All of which also provide the mitigation of the hazards associated with explosive filled artillery rounds.

Hazard divisions (HD) classify all munition types by the potential hazard associated with the specific explosive material. They are further broken down into compatibility groups within the HD. Storing depends upon the compatibility of the groups in respect to others, figure 4.2 [20]. Adherence to this ensures a reduced risk of accidences and significantly lessens the effects should it occur. Storage facilities should aim to contain explosives of one HD/CG type but if mixing occurs there are rules in place from governmental departments.
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[bookmark: _Toc140144096]Figure 4‑2 – Compatibility group mixing rules for storage [20]
       Quantity distances are an extremely easy and simple process to put into action. Limiting the number of types of ammunition at calculated distances reduces the effects of unintended explosions can protect the public form said events. It can reduce the risk of explosives propagating and can limit the effects to one particular area. Further segregation can occur to the limit the loss of all of one type of explosion, this is known as “two-point” dispersal [20]. Figures 4.3 and 4.4 show QD to store interior and exterior, considering public areas.
[image: A table with numbers and a few meters

Description automatically generated]









[bookmark: _Toc140144097]Figure 4‑3 – HD distances for internal storage [20].
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9.2.1 Inside Quantity Distances (IQD) are the minimum inter-storage site quantity-distances for ammunition and explosives and are shown in the following table. These distances do not cover asset preservation but will prevent the instantaneous propagation of one site causing instantaneous propagation to another. Because of distance, the IQDs also give some protection from firebrands, projections and lobbed munitions. 9.2.2 The IQDs for HDs 1.1, 1.2, 1.3 and 1.4 for Operational Storage are shown in Table 1 below.
[bookmark: _Toc140144098]Figure 4‑4 – HD distances for external storage sites [20].
Permanent storage sits have to provide mitigation against lightning strikes, to prevent ignition, as well against chemical decomposition and functional degradation. This can be achieved via temperature and humidity-controlled environments [21].  . This can be further mitigated by introducing more controls such as anti ESD regimes, with conductive flooring and cotton-based PPE [9]. Additionally, storage zones within the building must be on raised platforms, at least 10cm off the ground to ventilate area [20]. Structurally, the sites must be able to absorb and dissipate the blast energy from an unintended initiation.
Training of personnel also plays a vital role in safe storage. Educating the personnel on the hazards and risk provides clear foundations to enable trained and competent staffing that are inline with national local guidelines. These personnel are responsible for packing handling, moving and vitally, inspecting the ammunition to ensure valid function. 
Storage of munitions on the battlefield or field conditions is not normal practice and it should be noted that where applicable, the above guidelines are to be followed and as a minimum, ammunition storage sites are to be placed under covers.

4.2.2. [bookmark: _Toc140144533]Transportation

European member states adhere to “Accord Européen Relatif au Transport International des marchandises dangereuses par route”, which classifies the transportation of dangerous goods [22]. Transportation of explosive goods must conform to packaging guidelines and these guidelines are universal be them transported via air, rail or sea. Transporting by road is most common but in times of complex situations or the requirement for haste, air is also employed [23].
All transport vehicles, freight containers or rail wagons must be structurally sound and free from defects before commencing. This is a necessity and carried out by trained personnel [20]. Transportation in these types of accommodation must adhere to environmental controlled controls and segregation distances.
Temperature of the transport container factor in the requirement for the type of explosive carried and the particular susceptibility to environmental facts, previously listed. It must also make note of the difference of internal and external temperatures upon loading as extreme variation can become hazardous. Slow acclimatisation is required [24]. The maximum temperature must not exceed 55 °C and safety measures must be in place if loss of controlled environment occurs, be it liquid oxygen tanks or back-up systems. Adherence must be made to the self-accelerating decomposition temperature for the individual explosives on route [24], these may vary when transporting fuzes with primary explosives compared to the artillery round itself containing the TNT secondary. It should be noted, fuzes must be transported separately to the artillery round.
Transporting sub-systems of the artillery round separately is known as segregation. segregation of explosive types, as per Figure 4.3 also limits not just hazard classification but net weight limits and distances. Segregation is that of incompatibility groups are considered thusly when it could result in an undue hazard. However, to maximise space, it is possible to fill the spaces between with cargo that is considered compatible to the goods transported [20].
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[bookmark: _Toc140144099]Figure 4‑5 – Net explosive limits/permissions/separation distances in containers and wagons [25].

4.3. [bookmark: _Toc140144534]Improvement Opportunities 

Although there are numerous mitigation techniques for safe storage/transport, chemical deterioration suppressants and physical hardware compatibility, none address substituting the explosive hazards. Creating new compounds with greater initial chemical stability, greater insensitivity to shock/friction and using composites that do not toxify the environment and persons involved is no easy feat. However, recent advances have proved fruitful with the creation of a Lead Azide replacement known as DBX-1 and a melt cast TNT replacement known as IMX-101.
There is a plethora of environmental and health data on the effects of using lead, but it continues to be the primary explosive for detonators [26]. DBX-1, copper(I) 5-nitrotetrazolate, has proven to be less volatile when aged at high temperatures, decomposes extremely slowly when exposed to liquid and atmospheric water, has greater compatibility with physical components and importantly, does not harm the environment [26]. It is hoped in time that this composite can replace Lead Azide for fuzes/detonators.
IMX-101 is a melt cast explosive and research has shown it is as safe to process as TNT, does not detonate when decomposing under confinement, whilst being far less shock sensitive than TNT. Its detonation velocity is only just lower than TNT [27] and its critical temperature determinate means it can be safely stored/handled when produced. It was also found to have excellent resistance to ESD, temperature variation, friction, and shock. Notably, it is significantly less toxic that TNT and has a manageable waste stream without risk of inhalation issues to persons [28].  Figure 4.2 informs of ingredients and uses.
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[bookmark: _Toc140144100]Figure 4‑6 – Small sampled information of IMX-101 [29]
Hazard Classification 1.1 is used for all HE filled warheads, IMX-101 is in the process of meeting the “Extremely Insensitive Detonating Substance” requirements, which would change its classification to 1.6. The ramifications for this are enormous, it would allow the easing of quantitative distances when stored, down from 4500Kg of 1.1 at 381m to 4500Kg of 1.6 to 52m. [28]
Ultimately, munitions filled with this would be much safer to personnel, safer to transport/store and have greater resistance to enemy incidents and fire damage, i.e., less chance of cook-off [30].

5. [bookmark: _Toc140144535]Conclusion

A large calibre artillery round is a complex system. The component parts must be created and assembled safely during manufacturing, without risking personnel health, must be stored in adherence to the regulations, and transported in accordance with national guidelines. It is a balancing act of keeping each system, be they primary explosives, secondary main charge, propellant, or the casing from negatively interacting with each other and the environment around it. The investigation brought to the forefront just a sample of the many chemical instabilities, physical incompatibilities and regulatory restrictions that arise during the life cycle of the rounds. It highlighted a few of the means to mitigate hazards of explosives. It touched upon the mitigation of decomposition, be they from additives incorporated to the mixture, temperature and humidity-controlled environments and the need for quantitative distances alongside hazard classifications. Yet, an exciting time of newer, less sensitive explosive compounds heralds in new era of explosive manufacturing, one mother nature is sure to be frowning less at.






References

[1] 	I. Brown, The Big Bang: A history of explosives, Sutton Publishing, 1998. 
[2] 	P. Streatfield, “Explosions: Inventions and Uses,” The Oxford Scientist, 2020. 
[3] 	Y. Qingxi, K. Qiaokun, H. Qingyang, C. Zenghui and B. Yu, “Linear correlation analysis of ammunition storage environment based on Pearson correlation analysis,” Journal of Physics: Conference Series, vol. 1948, no. 1, 2021. 
[4] 	G. I. C. f. H. Demining, “Characterisation of explosive weapons study, annex B – 152 mm & 155 mm artillery guns,” GICHD, Geneva, 2017.
[5] 	Rheinmetall, “Nitrochemie - Artillery,” Rheinmetall, [Online]. Available: https://nitrochemie.com/en/nitrochemie_group/produkte/antriebe/rohstoffe_2/artillerie/index_3.php. [Accessed June 2023].
[6] 	G. Collet, Block 1 - Lesson 5 - High Explosives - Ordnance, Munitions and Explosives, Powerpoint Presentation. 
[7] 	C. J. M. a. T. S. Yoder, “"Effects of Temperature and Humidity on the Characterization of C-4 Explosive Threats,” Sensing and Imaging, vol. 13, no. 2, pp. 89-100, 2012. 
[8] 	M. G. Lawrence, “The Relationship between Relative Humidity and the Dewpoint Temperature in Moist Air: A Simple Conversion and Applications,” Bulletin of the American Meteorological Society, vol. 86, no. 2, pp. 225-234, 2005. 
[9] 	Explosives Research and Development Establishment, “The Effect of Temperature and Relative Humidity on the Accumulation of Electrostatic Charges on Fabrics and Primary Explosives,” Defense Technical Information Center, 1971.
[10] 	S. Bräse and K. Banert, “Organic Azides: Syntheses and Applications,” John Wiley & Sons, 2020.
[11] 	C. a. r. b. -. CA.gov, “Lead and Health,” [Online]. Available: https://ww2.arb.ca.gov/resources/lead-and-health#:~:text=Ecosystems%20near%20point%20sources%20of,and%20neurological%20effects%20in%20vertebrates. [Accessed July 2023].
[12] 	E. S. S. Sydney Meyers, “Industrial explosives - a brief history of their development and use,” Journal of Hazardous Materials, vol. 23, no. 2, pp. 183-201, 1990. 
[13] 	T. M. Klapötke, A. Penger, C. Pflüger and J. Stierstorfer, “Melt-cast materials: combining the advantages of highly nitrated azoles and open-chain nitramines,” New Journal of Chemistry, vol. 40, no. 7, 2016. 
[14] 	N. Chakraborty, P. Begum and B. K. Patel, “Chapter 13 - Counterbalancing common explosive pollutants (TNT, RDX, and HMX) in the environment by microbial degradation,” Development in Wastewater Treatment Research and Processes, pp. 263-310, 2022. 
[15] 	B. Vogelsanger, “Chemical Stability, Compatibility and Shelf Life of Explosives,” Chimia, vol. 58, no. 6, 2004. 
[16] 	Q. Liu, Y. Wang, R. Li, W. Zhu and N. Zhao, “Study on Engraving Resistance Characteristic of Band Based,” IOP Conf. Series: Earth and Environmental Science, 2020. 
[17] 	S. Chao, L. Zhiqiang and S. Weichao, “Influencing Factors Analysis of Ammunition Storage in Reef,” IOP Conference Series. Earth and Environmental Science, vol. 510, no. 5, 2020. 
[18] 	I. Suzuki, Y. Hisamatsu and N. Masuko, “Nature of Atmospheric Rust on Iron,” Journal of Electrochemical Society, vol. 127, no. 10, 1980. 
[19] 	R. L. McKenney, J. F. Leahy, S. T. Parkin and T. R. Krawietz, “Plasticized, wax-based binder system for melt castable explosives”. Unied States of America Patent US 6,641,683 B1, 04 November 2003.
[20] 	Defence Safety Authority - UK MOD, “DSA 03. OME Part 3 (Formerly JSP 482) - Defence Code of Practice (DCOP) for in-service and operational safety management of OME,” Defence OME safety regulator, 2020.
[21] 	J.Paasi, S. Nurmi, R.Vuorinen, S.Strengell and P.Maijala, “Performance of ESD protective materials at low relative humidity,” Journal of Electrostatics, Vols. 51-52, pp. 429-434, 2001. 
[22] 	Logisitische Informationsysteme, “ADR,” LIS.
[23] 	Health and Safety Executive, “Classifications for transport,” Governmental.
[24] 	United Nations Economic Commision for Europe, “PART 7 - Provisions concerning transport operations”.
[25] 	Legislation - UK Government, “The Carriage of Explosives by Rail Regulations (Northern Ireland) 2001,” 2001.
[26] 	J. W. Fronabarger, M. D. Williams, W. B. Sanborn, J. G. Bragg, D. A. Parrish and M. Bichay, “DBX-1 – A Lead Free Replacement for Lead Azide,” Propellants, Explosives, Pyrotechnics, vol. 36, no. 6, pp. 541-550, 2011. 
[27] 	B. Systems, “Making Explosives Safer”.
[28] 	D. Frem, “A Review on IMX-101 and IMX-104 Melt-Cast Explosives: Insensitive Formulations for the Next-Generation Munition Systems,” Propellants, Explosives, Pyrotechnics, vol. 48, no. 1, April 2022. 
[29] 	V. Fung, B. Schreiber, C. Pate, P. S. P. Vinh and X.-L. Zhao, “Process Improvement and Optimization of Insensitive Explosive IMX-101,” in 2012 Insensitive Munitions & Energetic Material Technology Symposium, Las Vegas, 2012. 
[30] 	A. Barrie, “Bye bye, TNT: New generation of explosives for the Army,” 2016.




“Considerations of explosive trains in artillery rounds during service life and use” – S. Copperthwaite (2026635)

image2.png




image3.png
Booster





image4.png
Senice Life

Safe Storage Life Functional Life
*Chemical Shelf Life" “Ballistc / Operational Life"

Chemical Ageing of
Explosive Explosive-Binder

Diffusion Migration

Phase Changes:
“Ghomical Incompatibillty”™ “Physical Incompatibility "
% Acceloration of Chemica Ageing ' Addionsl Diftsion- Migrtion Processes.

% Addiional Chamical Reaction Pafways || between Explosive and Ammuniion Components





image5.png
TABLE 1 COMPATIBILITY GROUP MIXING RULES FOR STORAGE NOTES:
R 0 0 W B
A (1) Aticles of CG B are to be segregated i storage from other articles of CGs C, D,
. e o e e ey i s e S b o gt ot
e e [T [ et Lo s et o o s e
e R Ts| ot Gl s anes 1 G5y e st i e prat
: s To| s st o NEQ ek e araad s il v 4 O
o[ T [ e 798| () o of GG e o b sepoid i sirag fm ol aicks of ot GG
- 7 s ot s o rvarion o rogasiboof v o 3. 16
W R R TS| L ceria e o by o it e o e s
- ———
1 2 2 2 22 (3) Adticles of CG C, D or E, or those articles of CG G which do not give rise 1o loose
G N"‘e Nl;! “;'2 N‘;E Note explosives powder, may be mixed in storage. Articles in CG G that may give rise to
283 loose explosives powder will be given special consideration by ESTC through the
w pemcki
i (@) Atitonof O L o sord st om s e of v G 35 ve
£ o ettty
s
< (51 s oG ars ot namaty o sred e arsafther G e
x & i o s G e St s o 5o & e s
O e





image6.png
HD Factor 11 1.2 1.3 14
1.1 Normal 200 m 100 m 100 m 100 m
1.1 Traversed 100 m 100 m 100 m 100 m
1.1 Vital Stocks 300m 100 m 100 m 100 m
1.2 Normal 100 m 100 m 100 m 100 m
1.3 Normal 100 m 100 m 100 m 50 m
13 Propelling Charges  [200 m 100 m 100 m 100 m
14 Normal 100 m 100 m 50 m 25m





image7.png
Location or Areaat | HDat |  Minimum

Risk Site | Distance (m) Remarks
Lateral or axial 11 400 This would include an MSR or any route
route o railway 12 400 considered vital by formation HQ.
that must not be 13 200
interrupted. 14 50
Inhabited Buildings| 1.1 500 This would normally include friendly forces and
where the 12 500 local civilians who are not to be the subject of
occupants must 13 300 abnormal operational hazards.
not be put at risk. 14 50
Hospitals, Stations Ar | 1.1 1000 This does not include other explosives field
fields,Other ~ Miitary | 1.2 1000 storage sites or ammunition depots, for which
Storage 13 500 1QD are used.
Locations and 14 50

Radio/Radar sites.





image8.png
SCHEDULE 7 Regulation 3(10)
Limits on Net Explosive content of Explosives permitted to be carried in Containers and Wagons and separation
distance

Where explosives within different Divisions are carried in the same container or wagon, then, for the purpose of this Schedule, al the explosives, with the exception of those in
Division 1.4, shall be deemed to be within the Division amongst them vith the Division number coming highest in the following st (inat is Division number 1.1 (highest), 1.5, 1.2, 1.3
and 1.6 (lowest); except that where explosives with a Division number of 1.2 are carried together with explosives with a Division number of 1.5 they shall all be deemed to be vithin
the Division ith the Division number 1.1,

Column 1 Column 2 Cotumn 3

Type of explosive (Division  Maximum net explosive content n tonnes in any group of adjacent Minimum separation distance in metres between groups of
number) containers or wagons containers or wagons

11 0 20

Any combination of 11,13 Aggregate of 40 20

and 15

13and15aoneormxed 120 40





image9.png
Formulation Key Ingredients Replaces Purpose Qualification Status (2012)
Material qualified: Type qualified for 155mm
Artillery and other large caliber
IMX-101 DNAN +NTO + NQ TNT M795, on-going for 155mm M1122 and 105mm

munitions

projectiles





image1.png
fuze

munition Body high explosive Fill




