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Executive Summery
It has been asked that a specification be produced detailing the breakdown and disposal of the Mk3 Rapid Cratering Charge during various stages of its life cycle. This includes during the manufacturing process as production rejects, assemblies that have been returned from service or trials for surveillance [1] activities.
The processes, methodologies and standards applicable for disposal are contained within Standardization agreement (STANAG) 4518 - Design Principles, Requirements, and Safety Assessment for the Safe Disposition of Munitions.
In the case of the Mk 3 Cratering Charge the L2A2 Electronic detonator and the RX3601 Booster pellet are fitted prior to firing, thus, has not been included in this procedure. Each energetic sub-component requires its own individual disposal route and specific processes, as the same approach cannot be taken for all articles.
A thorough hazard analysis, risk assessment, manual handling assessment, Control of Substances Hazardous to Health (COSHH) assessment, must be produced prior to commencing any breakdown activity. This information can allow for a detailed Standard Operating Procedure (SOP) to be produced containing suitable and correct safety controls and mitigations to be in place to protect the operator.
Special considerations need to be made for components which hold a government security classification of Official-Sensitive (OS) or above which is associated with design specifics such as geometry or material composition. 
At no point during the manufacturing process should explosively contaminated items enter general waste streams. Strict segregation and designated disposal routes must be adhered to which prevents putting general public at risk, such as site refuse or scrap metalwork collectors. All items must be CFFE prior to leaving the site of the manufacturer.
When the munition has been fully disposed of and no longer exists in any form or has been repurposed for another use must have a designated disposal certificate. This disposal certificate will ensure complete traceability of all OME, combined with history cards, allows for complete traceability from cradle to grave. If there are highly classified features or materials used within a products design, increased levels of deformation or destruction may be required with photographic proof of the result.



Contents
1.	Introduction	4
2	Regulations & Safety	5
3	Breakdown Procedure	6
4	Disposal of Contaminated Metals 	8
5	Disposal of Explosives	9
6	Conclusion	12
References	13
Table fo Figures
Figure 1  - Mk3 Cratering Charge - Design Overview	3
Figure 2 – The Demilitarisation & Disposal Process [3]	4
Figure 3 – Hazard Properties of Energetics [4]	5
Figure 4 – Breakdown Procedure Process Flow	7
Figure 5 – Typical CFFE Certificate	9
Figure 6 – Open Buring of Bare Explosive Charges [6]	10
Figure 7 – Typical High-Pressure Water Wash-Out nozzle [6]	11











	



1. [bookmark: _Toc186288355]Introduction
1.1. [bookmark: _Toc185620364][bookmark: _Toc186288141][bookmark: _Toc186288356]It has been asked that a specification be produced detailing the breakdown and disposal of the Mk3 Rapid Cratering Charge during various stages of its life cycle. This includes during the manufacturing process as production rejects, assemblies that have been returned from service or trials for surveillance [1] activities.
Surveillance is the systematic method of evaluating the properties, characteristics, and performance capabilities of ammunition throughout its life cycle. It is used to assess the reliability, safety, and operational effectiveness of stocks. [1]
1.2 In addition to a safe and suitable breakdown of the munition, this specification details the appropriate disposal routes and waste-streams for all components contained within the design. 
1.3 Mk3 Cratering Charge Design Overview
1.3.1 The Mk3 Creating Charge consists of a 198 mm x 310 mm cylindrical steel casing and copper hemispherical shaped charge liner. The explosive main fill is an Insensitive Munition (IM) [2] Explosive which is initiated by another IM Booster Pellet.  Figure 1 below shows an external, and sectioned view of the Mk3 Cratering Charge.
The term “Insensitive Munitions” (IM) implies that unanticipated stimuli will not produce an explosive yield, in accordance with MIL-STD-2105 (Hazard Assessment Tests for Non-Nuclear Munitions). [2]
[image: ]
[bookmark: _Ref185602339][bookmark: _Toc186288191]Figure 1  - Mk3 Cratering Charge - Design Overview
1.3.2 The Shaped Charge (SC) liner and backplate are fixed to the steel casing using 24 off M6 x 20mm hexagonal screws, 12 for the liner and 12 for the backplate. The steel casing is lined with a rubber lining then filled with IMX-310 which is a newly developed IM explosive.
1.3.3 Material properties for components within the assembly are shown below:
· 1x Steel Case – Grade: 4140
· 1x Copper Liner – Grade: C101
· 1x Rubber Lining
· 24x M6 x 20mm Hexagonal Screws – Grade: 12.9
· 1x 80g RX3601 30mm x 60mm Booster Pellet 
· 9.8Kg IMX-310 Polymer Bonded Explosive (PBX)
· 1x L2A2 Electronic Detonator
2 [bookmark: _Toc186288357]Regulations & Safety
2.1. The processes, methodologies and standards applicable for disposal are contained within Standardization agreement (STANAG) 4518 - Design Principles, Requirements, and Safety Assessment for the Safe Disposition of Munitions.
2.2 The STANAG outlines appropriate procedures for various stages of a products life cycle, Figure 2 [3] below shows an overview of the demilitarization and disposal process as defined by STANAG 4518.
[image: A diagram of a process

Description automatically generated]
[bookmark: _Ref185605222][bookmark: _Toc186288192]Figure 2 – The Demilitarisation & Disposal Process [3]
2.3 In addition to STANAG 4518, the Health and Safety Executive (HSE) Explosive Industry Group have published guidance on the safe management and disposal of explosives.
2.3 Safety 
2.3.1 The gross mass of the assembly is 26.05Kg which will require a two man lift when transporting, as this exceeds the manual handling limit for one person.
2.3.2 The Hazard Properties of the energetic materials contained within the assembly have been shown below in Figure 3 [4].
	Test
	IMX-310
	RX3601*

	Rotter Impact
(EMTAP No 1)
	Figure of Insensitivity = 100
	Figure of Insensitivity = 75

	Mallet Friction
(EMTAP No 2)
Rotary Friction
(EMTAP No 33)
	Figure of Friction = 5.0
	Figure of Friction = 4.0

	Temperature of Ignition (EMTAP No 3)
	200°C
	186°C

	Ignition by Flash
(EMTAP No 4)
	Fails to ignite
	Fails to ignite

	Behaviour on Inflammation
(EMTAP No 5)
	Ignites and supports train for 10+ inches
	Ignites and supports train for 12+ inches

	Ignition by Electric Spark (EMTAP No 6)
	Ignitions at 4.5J but not at 0.45J
	Ignitions at 0.45J but not at 0.045J


[bookmark: _Ref185606948][bookmark: _Toc186288193]Figure 3 – Hazard Properties of Energetics [4]
Note*: RX3601 booster pellet will not be fitted to the assembly, but will still require disposal through the manufacturing process, thus the hazard properties have been included above.
EMTAP - Energetic Materials Testing Assessment Policy.
2.3.4 Both IMX-310 and RX3601 have been qualified as an IM explosive in accordance with STANAG 4439 and Allied Ordnance Publication (AOP) 39. 
2.3.5 A thorough hazard analysis, risk assessment, manual handling assessment, Control of Substances Hazardous to Health (COSHH) assessment, must be produced prior to commencing any breakdown activity. This information can allow for a detailed Standard Operating Procedure (SOP) to be produced containing suitable and correct safety controls and mitigations to be in place to protect the operator.
3 [bookmark: _Toc186288358]Breakdown Procedure
3.1 This section of the report focuses on the munition in its fully assembled state, the first steps to breakdown and disposal of any munition are to reduce the overall processing hazards and the associated risks. This is achieved by disrupting the explosive train, initially by removing the most sensitive energetic components first, continuing until only the main HE filling remains.
[bookmark: _Hlk186299337]3.2 In the case of the Mk 3 Cratering Charge the L2A2 Electronic detonator and the RX3601 Booster pellet are fitted prior to firing, thus, has not been included in this procedure. Each energetic sub-component requires its own individual disposal route and specific processes, as the same approach cannot be taken for all articles.
3.3 Figure 4 below shows a top-level process flow of the breakdown procedure, the process detailed is specific to unaged munitions that have been stored in suitable conditions. If the munition has been subjected to any trials or has seen service conditions in any way, an amended process is required, this is discussed further in this report.
[image: ]
[bookmark: _Ref185618411][bookmark: _Toc186288194]Figure 4 – Breakdown Procedure Process Flow
3.4 As shown in Figure 4, the first operation conducted is ensuring the munition is suitable for the intended breakdown and disposal method. This is typically achieved through reviewing the munitions history, vintage, and more critically using Non-Destructive Testing (NDT) [5] techniques such as Radiography and ultrasonics.
Non-destructive testing (NDT) is a testing and analysis technique used by industry to evaluate the properties of a material, component, structure or system for characteristic differences or welding defects and discontinuities without causing damage to the original part. [5]
3.5 The use of Radiographic techniques gives an insight of the condition of the explosive filling and lining material. It can clearly identify any inclusions within the fill, or if there has been any degradation, migration or exudation and is a key safety requirement prior to any breakdown activity commencing.
3.6 When the activity detailed in Figure 4 is complete, there will be several items produced which will require disposal. Careful consideration must be given to the appropriate packaging and handling of items while they await further processing, for example, bare explosive charge awaiting disposal must be stored submerged in a desensitising agent such as water. 
[bookmark: _Toc186288359]4	Disposal of Contaminated Metals
4.1 Generally all metalwork produced during the breakdown activity should be handled and treated as contaminated with explosives. There are various degrees of explosive contamination on completion of the breakdown activity which will require different approaches. 
4.2 The Mk3 body will have minimal contamination when the rubber lining material has been removed, after cleaning with a desensitizing aged the metal work can gain Free-From Explosive Hazard (FFEH) certification. When the metalwork has been deemed FFEH it can be further processed in a proving oven where the metal sections are held at 400° for several hours to ensure no residual explosive remains.
4.3 The sectioned shaped charge liner will be heavily contaminated with explosives, the process for disposing of these will be controlled open burning within a cage.  Four sections of contaminated liner will be placed, contamination side up, in a stillage at the centre of the cage prior to firing. The temperatures seen during this process are sufficient to melt the copper liner, so no further processing is required to remove any classified features and is ready for recycling.
4.4 The process outlined in para. 4.3 should also be used for all contaminated consumable waste produced during the breakdown activity, such as rags from cleaning, packaging furniture or packaging. At no point should any waste enter the general waste stream it must be segregated and finally incinerated.
4.5 All metalwork that has been in contact with explosives must be Certified Free-From Explosives (CFFE) prior to off-site processing and ultimately recycling, which is a key aspect to the de-militarisation and disposal process shown in Figure 2. The benefit to recycling as much metalwork as possible from the assembly can help reduce the cost when purchasing new materials from refineries. Figure 5 below show a typical CFFE certificate.
[image: A close-up of a document
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[bookmark: _Ref185845411][bookmark: _Toc186288195]Figure 5 – Typical CFFE Certificate
4.6 Special considerations need to be made for components which hold a government security classification of Official-Sensitive (OS) or above which is associated with design specifics such as geometry or material composition. Specific levels of destruction are required to prevent the possibility of reverse engineering the component, additionally a destruction certificate will be issued upon ultimate disposal for each serialised component which is evidence that the item no longer exists, and the design is no longer identifiable to its original form.
[bookmark: _Toc186288360]5	Disposal of Explosives
5.1 All energetic material contained within the assembly must have its own specified disposal route for each stage of the manufacturing process. There are three energetic materials within the All Up Round (AUR); 1 x 80g RX3601 30mm x 60mm Booster Pellet, 9.8Kg IMX-310 PBX and 1 x L2A2 Electronic Detonator.
5.2 Generally the method used for the destruction of energetic materials is Open Burning (OB) or Open Detonation (OD). OB is the process of placing bare charges typically a maximum Net Explosive Quantity (NEQ) of 10Kg in a tray with diesel and ignited from a safe distance Figure 6 [6] below shows a set-up of several burning trays OB bare charge explosives. 
[image: ]
[bookmark: _Ref186285446][bookmark: _Toc186288196]Figure 6 – Open Buring of Bare Explosive Charges [6]
5.3 The process outlined in para. 5.2 above is suitable for the RX3601 material at any stage in the manufacturing process, this may be as bare powder which has yet to be pressed into a pellet form or pressed pellets that may have been rejected during inspection. In addition to RX3601, IMX-310 is suitable for disposal through OB, all pre-mix materials can be disposed of although, bare charges must be sectioned into cubes with dimensions no larger than the bed depth.
5.4 When considering a SC/Body assembly filled with IMX-310 which has been rejected for filling defects, a different disposal process should be used to allow recovery of the metalwork. As the explosive is a Resonant Accoustic Mixing (RAM) PBX there is no possibility to recover the charge after filling. The use of High-Pressure Water-Washout (HPWW) should be applied to all filling rejects.
5.5 The use of high-pressure water wash-out of munitions is a proven technique which is well established, typically for the wash out process pressures of 10,000psi are used. The method can also be adjusted with the addition of garnet (grit) into the fluid jet and increasing the pressure to 40,00psi to allow cutting of steel casings, which is not required for the Mk 3 Cratering Charge. [7]. A typical nozzle design has been shown in Figure 7 [6] below.
[image: A close-up of a water jet
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[bookmark: _Ref186288050][bookmark: _Toc186288197]Figure 7- Typical High-Pressure Water Wash-Out nozzle [6]
5.6 When the process outlined in para 5.5 above is used, careful consideration should be given to the management of the effluent produced during processing. Strict regulations are in place to prevent any contamination of local waterways, as most explosives are toxic and harmful to aquatic life. Containment and pre-treatment must be conducted to ensure the water is also suitable for disposal, this is typically achieved by ensure a close-loop circuit is used. All energetics will require OB as discussed in para 5.2, this may need to be conducted two or possible three times to ensure all material burns adequately, prior to the ash disposal at landfill.
5.7 Disposal of ammunition containing sensitive compositions within detonators or igniter assemblies, such as the L2A2 Detonator is typically conducted through Closed Buring (CB) operations, or within detonation chambers. The use of rotary kilns should be employed to reduce the risk associated with disposal of sensitive initiation devices like the L2A2 detonator, this method also prevents any projectile or fragmentation hazard.
Rotary kiln furnaces have been extensively used on a commercial basis in USA, Germany, France, Italy, UK, Albania and Ukraine. In conclusion it can be stated that the rotary kiln is especially suitable for the destruction of a large variety of ammunition types and demilitarization arising. The ammunition is transported by a feed hopper that regulates the amount of ammunition per unit of time to be introduced to the furnace, the rotary kiln incinerator is a thick-walled rotating cylindrical steel drum with an internal Archimedean screw. [8]
[bookmark: _Toc186288361]6	Conclusion
6.1 There are several options available for the disposal of Ordinance Munitions and Explosives (OME). The selected disposal method is heavily dictated by the condition and build status of the item, one process does not fit all ammunition types. This report has considered disposal of munitions or components assembled on site, when articles have been returned from service, they must be considered high risk articles due to the likelihood of explosive degradation from ageing and service conditions, resulting in increased sensitivity and thus hazards associated with disposal.
6.2 Another key consideration for an appropriate disposal route is the financial cost of its establishment. Developing techniques such as cryo-fracturing [9] have not been included within this report due to the feasibility to introduce this process for the Mk 3 Cratering Charge far exceeds the necessity to fund a new disposal method.
Cryo-fracture - Involves the cooling of the munitions in a liquid nitrogen bath, followed by fracture of the embrittled item(s) in a hydraulic press and the subsequent thermal treatment of the fractured munition debris in order to destroy the explosives and decontaminate any residual metal parts (which may be recovered for scrap value). [9]
6.3 All methods discussed within this report are well established at the manufacturing site so no process development or infrastructure would be required to dispose of the Mk 3 Cratering Charge. Improvements to the methods described could be made, such as purification by filtration of exhaust gasses from burning operations to reduce the company’s carbon-footprint, or onsite reforging of scrap metalwork to reduce transportation.
6.4 At no point during the manufacturing process should explosively contaminated items enter general waste streams. Strict segregation and designated disposal routes must be adhered to which prevents putting general public at risk, such as site refuse or scrap metalwork collectors. All items must be CFFE prior to leaving the site of the manufacturer.
6.5 When the munition has been fully disposed of and no longer exists in any form or has been repurposed for another use must have a designated disposal certificate. This disposal certificate will ensure complete traceability of all OME, combined with history cards, allows for complete traceability from cradle to grave. If there are highly classified features or materials used within a products design, increased levels of deformation or destruction may be required with photographic proof of the result.
References

[1] 	U. Nations, “International Ammunition Technical Guidline - Surveillance and in-service proof,” United Nations Headquarters, New York, NY 10017, USA, 2015.
[2] 	D. -. D. A. University, “Insensitive Munitions,” DAU - Defence Aquisition University , 01 01 2024. [Online]. Available: https://www.dau.edu/cop/se/resources/insensitive-munitions. [Accessed 21 11 2024].
[3] 	N. A. T. O. (NATO), STANAG 4518 - SAFE DISPOSAL OF MUNITIONS, DESIGN PRINCIPLES AND REQUIREMENTS, AND SAFETY ASSESSMEN, VA, USA: (NATO), North Atlantic Treaty Organization, 2018. 
[4] 	A. Willett, Design Proposal of Mk3 Cratering Charge, Swansea, Uk : University of Wales Trinity St David , 2023. 
[5] 	T. Ltd, “What is Non-Destructive Testing (NDT)? Methods and Definition,” TWI Ltd , 01 04 2024. [Online]. Available: https://www.twi-global.com/technical-knowledge/faqs/what-is-non-destructive-testing. [Accessed 26 11 2024].
[6] 	S. M. A. M. A. W. C. R. Josh Gourlay, Design Proposal of Mk3 Cratering Charge, Swansea,UK: University of Wales Trinity St. Davids (UWTSD), 2023. 
[7] 	N. R. Council, “Fluid-jet Cutting of Ordnance and High-Pressure Clean-Out of Energetic Materials,” in Review and Evaluation of Alternative Technologies for Demilitarization of Assembled Chemical Weapons (1999), Washingtone, DC, The National Academies Press, 1999, pp. 235-239.
[8] 	G. o. Netherlands, “Best Practice Guide on the Destruction of Conventional Ammunition,” 02 June 2008. [Online]. Available: https://www.osce.org/files/f/documents/0/1/33407.pdf. [Accessed 28 11 2024].
[9] 	W. ARDEC, “CRYOFRACTURE DEMILITARIZATION OF MUNITIONS,” 01 03 2000. [Online]. Available: https://apps.dtic.mil/sti/tr/pdf/ADA376451.pdf#:~:text=Cryofracture%20involves%20the%20cooling%20of%20the%20munitions%20in,explosives%20and%20decontaminate%20any%20residual%20metal%20parts%20%28wh. [Accessed 29 11 2024].


2

image1.png




image2.png
Reuse,
Recovery,
Recycling

Removal
from Storage

v

[Transportation|

1

Preparation &
Pretreatment
Including
Disassembly

'

Size
Reduction

v

Treatment

v '

Residual M aterial
Disposition

Figure 1. Demilitarization and Disposal Process

W aste
Disposal





image3.png
filling and SC Liner out of the Body

Using a remotely operated press and suitable clamping fixtures, push the main

L 4

separate charge from metalwork

Using a remote bandsaw, section the assembly to

Remote operation





image4.png
WOD FORM 2257 VERSION 1 12711

ITEM CERTIFIED FREE FROM EXPLOSIVES (CFFE)

1. This certiicate may only be signed by a Competent Person as defined by JSP 482 Chapter 27 - MOD EXPLOSIVES
[ReGULATIONS.

2.1 NaME

[STGNATORE:

5 ONITSHIPTESTABLISHIZENT
. uin
UNIT STAMP.

Certfy that | nave personally examined:

. THE CONTENTS OF THIS CONTAINER"
5. THE CONTENTS OF THIS ARTICLEAVEHICLE"

ind confirm that at the time of checking/cerffication that it does not conain any Ive ammuniton of Oner expiosve matter. 1
understand that snouid any ive ammuniton or explosive material be found the fact will be reported to higher authority for
investigation and such action as may be considered necessary.

WARNING: THIS CONTAINER/PLATFORM/ARTICLE MAY BE SUBJECT TO FUTURE]
REPAIR/REFURBISHMENT/MAINTENANCE AND A FAILURE TO COMPLETE THE
FFE PROCESS COULD ENDANGER OTHERS.





image5.png




image6.png




