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Abstract
A small design team was tasked with creating an IM compliant Rapid Cratering Kit capable of operating in a variety of environmental conditions. The design team was separated into multiple areas to cover the CADMID cycle of the product, with my focus being Disposal, and regular formal and informal review meetings were held between the team to remain on task and liaise requirements between departments. A group presentation was created and presented, with positive feedback.
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1 Introduction
The brief for this Group Project is to design a Rapid Cratering Kit to replace previous versions used by the Royal Engineers. It must be Insensitive Munitions (IM) compliant and be capable of operating in hot and sandy climates, although climate interoperability is desired. A variety of other requirements must also be considered, focused mainly around the Rapid Cratering Kit design and the Concept, Assessment Demonstration, Manufacture, In-Service and Disposal/Termination (CADMID) cycle.
Background research into current in-service Rapid Cratering Kits was conducted at an early stage, focusing on standard US and NATO (including the UK) equipment currently in use to provide an initial design basis. The US Rapid Cratering Kit uses a 40-pound cylindrical cratering charge in a metal casing and initiates with an eternally attached C4 demolition charge. [1] The NATO Rapid Cratering Kit uses one to two 15kg cratering charges initiated by a shaped charge and shock tube. [2]
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Figure 1: US Rapid Cratering Kit Demolition Charge [1]
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Figure 2: NATO and UK Rapid Cratering Kit [2]










2 Group Work
2.1 Group Process
After being assigned groups, the first step in completing this project was to organise our workloads. The group decided to separate tasks based on the CADMID cycle of the product, with one member being responsible for overall safety. Two members of the team worked in Research/Design and Testing/Evaluation roles and were clearly an appropriate choice for these respective areas within the project. The remaining members of the group worked in Safety roles and other areas were separated between them. These were Design, Production and Manufacturing, Safety, Transportation and Storage, and Disposal. I was placed in charge of disposal. Due to the combined lack of experience in these areas, extensive research and cooperation was required to ensure all areas remained on task. A company and product name were created to strengthen the team’s identity and cohesion; Advanced Explosives Solutions International (AESI) and Cratering Kit 2024 (CK24) respectively. Group Project work was completed daily during university block dates, and weekly Friday Teams meetings were organised to ensure work progressed with all members involved in the design and decision-making process. Progressing through the project, this allowed members to clearly communicate the requirements of their area and to assess the limitations of design choices at an early stage by left-siding decisions taken regarding the product’s CADMID cycle.
After roles and workloads had been clearly defined the group conducted background research into Rapid Cratering Kits and the types currently in-service. From this the group took a Systems Engineering approach to the project and conducted various Design Quality Function Deployments (QFDs) to define customer requirements and functional importances. We then completed a Functional Means Analysis (FMEA) and derived the product’s Control Factors and Noise Factors.
Many of the choices made for the group’s product were a result of interactions between each area of the group. Metal casing was replaced with plastic to reduce the risk to in-service personnel, explosive composition was carefully considered to gain a balance between the brisance of the cratering charge and the Kit’s overall size and safety concerns with shaped charge storage and transportation resulted in a non-explosive solution. With decisions affecting each area made by the group together, problems and solutions were left-sided.
2.2 Group Presentation
Much of the Group Project work was completed at an early stage of the process, with a minimum of one meeting each week to discuss ongoing work, as well as design decisions and limitations. As such, the design of the Rapid Cratering Kit was mostly completed before the second block of University, with a successful Design Review Meeting taking place before the presentation. A spreadsheet was produced to show the weekly progress each area of the group had been making, and no concerns had been raised by the group or lecturing staff.
Creating the presentation was another group effort. It was written during the second University block with all members present. Early meetings had discussed the creation of this presentation and it had been decided that the group would write it together, rather than combining individual presentations of each member’s work. This was done to highlight the teamwork and interactions that had regularly taken place throughout the project. Multiple areas of the project interacted and produced slides to complement and work with each other’s, rather than each member of the group producing their own individual presentation. The slides were labelled with team names for the presenter’s and viewer’s clarity and were designed to cover the product’s CADMID cycle. After completion of the slides, they were rehearsed as a group to ensure all members were confident with their slides. Multiple videos, design drawings and 3-D printed models were created for the Kit to provide additional depth to the presentation. The printed models were left with the Group Project staff for use in future lectures. After completion of the slides, they were rehearsed as a group to ensure all members were confident with their slides.
Feedback from the presentation was positive for all members of the group, with the visual aids and layout of the presentation being particularly commended. 



3 Final Product
Shown in Figure 3, the final product created by this group is the Rapid Cratering Kit (product name CK24), consisting of an auger drill, non-electric detonator, booster and modular charges. 
[image: ]
Figure 3 – Final Product Components
Initial designs assessed the use of the US’s and NATO’s shaped charge Cratering Kits and found that safety improvements could be made to the design of this group’s Cratering Kit by removing unnecessary explosives. Further research was conducted to show that shovels were also used to manually dig holes. It was decided to adapt this design and implement an Auger Drill, using custom-designed Rotoshovels to fit the operational requirements of the Cratering Kit. [3] Auger Drills used in this project would be larger than the current Rotoshovels, with a cobalt steel drill bit and tungsten carbide tip capable of penetrating a variety of materials, including concrete. This decision was taken to reduce the risk of shaped charge storage, transportation and usage during operations. The Auger Drill is a viable alternative to producing the initial crater with a shaped charge, and is faster to deploy under pressure.
The Cratering Kit is detonated by a percussion cap and HMX-based shock tube, ignited by a dynastart. These were chosen due to a variety of factors, such as their insensitivity to Electromagnetic Fields, water resistance and abrasion resistance, making them suitable for use in a variety of environments. The cost effectiveness of shock tube was also a major influence.
Rowanex 3601 was selected as the booster for this product due to its excellent performance and stability, while also conforming with the project’s Insensitive Munitions compliance requirements.
TATB was chosen as the main charge composition due to its high insensitivity and high melting point. This was an early design decision due to requirements set out by the Manufacturing and Disposal teams. To improve insensitivity and comply with Insensitive Munition requirements it was decided to implement a TATB-based Polymer-Bonded Explosive. PBX 9502 was chosen due to its high detonation velocity, stability and shelf life. Modular charges were selected to allow users to vary the size of the crater based on operational requirements, with attachments on each to allow for secure locking.














4 Disposal
4.1 Introduction
Disposal of OME is a complex operation and subject to a variety of legislation, particularly those concerning safety, waste pollutants and the environment. As part of this project it was therefore necessary to assess a range of disposal methods for their compatibility with environmental requirements, as well as user requirements throughout the CADMID cycle.
Consideration must also be given at the end of the disposal process for all material to be Certified Free From Explosives, typically achieved through the burning of the material. A large number of accidents have occurred at disposal sites due to improper decontamination prior to being Certified Free From Explosives. Examples include the burning of a pipe to remove a hard crust which, unknown to the workers, was pure RDX, as well as the cutting of pipe containing PETN. [4] Robust safety procedures must therefore be in place to prevent site accidents from occurring, ensuring that all OME is appropriately disposed of and Certified Free From Explosives where destruction is the method of choice.
4.1 Destruction or Non-Destruction
The first step in disposing of OME is to consider whether destruction is necessary. A variety of non-destructive disposal methods should first be considered as they are the safest and most cost-effective method of reducing a stockpile. [4]
The simplest disposal method is to use the OME according to its intended design purpose. The Rapid Cratering Kit could therefore be used in operations as the simplest and cheapest means of disposal. This offers significant safety benefits to users as its effects and performance are well documented and highly predictable when used by Suitably Qualified and Experienced Personnel (SQEP), while also negating the costs of disposal. Surplus stock could also be sold to a variety of stakeholders, such as military allies or commercial partners, offering significant cost reductions to the CADMID cycle. [4]
If the OME is safe to transport, they could also be reworked into a different use, such as for the training of operators. This could also be suitable for Kits that have failed to meet the quality standard during manufacturing, provided that they can be certified to be safe for use. If the OME’s shelf-life has expired they could also be re-lifed if safe to do so. [4]
4.1 Open Air Burning and Detonation
Open air burning and/or detonation is a disposal method that has been in use for a number of years. Over time it is a process that has been used less frequently by developed countries due to major environmental concerns regarding its waste products and operator safety. [5] It has also been banned in a number of countries, such as the USA, with exceptions for emergency OME disposal. [6] A variety of toxic materials can be released into the ground, air and water of the disposal site, such as carbon monoxide, nitrogen oxides, methane and ammonia, and these present a significant hazard to operators as well as future users of the land and nearby areas. [6] Difficult and expensive cleanup procedures in conjunction with the Environmental Protection Agency (or Scottish Environmental Protection Agency) are required to counter the effects of open air burning or detonation of OME waste products, and no containment is possible for the release of air emissions and greenhouse gases during this procedure. Open air detonation also produces a significant amount of shock and noise. An example of this occurred during the disposal of 23 kg of waste blasting charges which detonated accidentally at a burning ground. While no injuries were reported, considerable structural damage occurred to buildings inside and outside of the factory, with the roof of a nearby home collapsing. [4] 
Another major factor in this disposal method is the required separation distances for the explosive disposal. Open air detonation of the booster and charges used would produce a significant amount of shock and noise. An example of this is occurred during the disposal 50 lbs of waste blasting charges which detonated accidentally at a burning ground. While no injuries were reported, considerable structural damage occurred to buildings inside and outside of the factory, with the roof of a nearby home collapsing. [4] The location of the disposal site would therefore need to a remote site, with significant separation between the disposal area and nearby buildings to comply with Inhabited Building Distances and Vulnerable Building Distances as per DSA 03 OME Part 2.
There are many benefits to the use of open air burning and detonation techniques. As an established disposal process within the UK there are a large number of SQEP staff available to complete the operations and reduce the risks to As Low As Reasonably Practicable (ALARP). However, this is still a dangerous destruction method with a variety of risks involved to operators. There is also the risk of unexploded ordnance remaining after the initial destruction procedure, or for contaminated material to fragment and disperse away from the disposal area. In the short term it is a relatively cheap disposal method and is suitable for use with smaller supplies of OME where economies of scale cannot be utilised, but its environmental and safety impact makes it inefficient for use in planned circumstances where more modern forms of disposal could offer a safer and more cost-effective long-term solution. It remains the safest method of disposal for unstable OME such as out of date compositions or unexploded ordnance, where transportation for other disposal methods may impose too much risk on operations.
Therefore, the group will not use open air burning or detonation of the product so long as the risk of other disposal methods can be reduced to ALARP.
4.1 Cryofracture
One solution to an environmentally responsible approach to disposal would be to cryofracture the Rapid Cratering Kit. This is the process of rapidly cooling OME in a liquid nitrogen cryobath and then pressing the frozen material. The entire OME system is made brittle from the process and so fractures into pieces when crushed. This exposes the energetic material to allow for recovery through a variety of methods, such as solvent extraction, melting, gravity or magnetic separation. Where recycling of the energetic material is not viable, destructive disposal can be utilised. [7]
There are major benefits to be found from this method of disposal. The first is that the contaminated area resulting from disposal is minimised and contained within the cryofracture system, preventing the uncontrolled release of toxic waste products. The equipment will store, freeze, crush, convey and heat treat the OME system and no processing will occur external to the cryofracture facility. This will significantly reduce the cost of waste cleanup, as no waste stream will be produced. [8] As well as this, OME requires no prior disassembly or processing to render safe the cryofracturing process, whole systems can be cryofractured within their own casing. This significantly improves safety on site and reduces the risk of accidents or unintended detonations during disposal, further offset by an Explosive Containment Chamber within the cryofracture facility. The design of the OME also has little impact on the process, meaning that a wide variety of explosive compositions and systems can be cryofractured (separately) within the same facility, producing excellent economies of scale for a range of stakeholders. This includes the Rowanex 3601-based and PBX 9502-based booster and cratering charges used as the final product of this project. Safety is further improved through the use of remote-controlled robots for staff to operate the cryofracture equipment a safe distance away. Cryofracturing is also insensitive to the condition of the OME due to the initial cooling stage of the operation, with out-of-date or rusted munitions being safely disposed of in the same process as in-date OME. [8]
Another major improvement is the ability to heat treat and recycle the cryofractured OME, resulting in Certified Free From Explosives metal and plastic, as well as reusable energetic material. [9] While the explosive performance of recycled explosives is reduced, it can still offer a cheap and viable alternative for military applications, as well as the commercial sector in which reduced performance may be a benefit. [10] Cryofracturing offers the necessary scales of economy to produce a viable recycling program that conforms with Bohn’s closed loop economy. [8] While initial starting costs are high, long-term costs could be significantly reduced by this method when compared to fully destructive disposals such as open air burning and detonation. [7]
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Figure 4: Cryofractured Munition [11]
4.1 Cryofracture Facility
In order to efficiently capitalise on cryofracture recycling opportunities appropriate economies of scale would need to be introduced. There is currently no capacity for this within the UK as no bespoke cryofracture facility exists. One solution would be to introduce a UK-wide facility following best practice designs from US and European facilities. The following is a recommendation for a fixed UK cryofracture facility, funded and used nationally for a wide variety of munition disposals.
The cryofracture facility would be a factory-style building, the focal point of which is a hydraulic press, with all other equipment positioned around it. The press is modified to provide a central opening with a press chute attached within its base for the discharge of cryofractured debris, as well as attaching an Explosive Containment Chamber (ECC) to the press slide to protect equipment and the press’ hydraulics from fragments or unintended explosions during cryofracture operations. A ceiling-mounted munitions handling robot would be located adjacent to the press, with a track-mounted cryobath adjacent to the robot to improve weapons handling safety procedures. The cryobath is moveable along the track via a motor driven sprocket and chain to ensure the robot is capable of reaching all areas of the container. This motor can be speed limited to reduce the risk of human error, doubling as a brake while the cryobath is not being moved, with limit switches preventing unintended positioning of the cryobath during loading operations. After being discharged from the hydraulic press the cryofractured material is fed to a vibratory screening conveyor to separate the energetic and non-energetic material. This material is then separately conveyed to a furnace for closed incineration or to a deactivation system for induction heat treatment and recycling of both the energetic and non-energetic materials. All destroyed or non-energetic recycled material is Certified Free From Explosives before being moved from the site. [9]
 All munitions handling is designed to be remotely controlled through the use of on-site cameras combined with operation of the ceiling mounted robot by SQEP staff from a separate location outside of the disposal Quantity Distances (QD). This munition handling includes the movement of munitions into or out of the cryobath, hydraulic press, open grate furnace, transport equipment and component-specific recycling procedures. [9] Equipment and mechanical components are monitored by a data collecting computer system, with environmental parameters controlled by Heating, Ventilation and Air Conditioning (HVAC) systems.
Major benefits can be gained from such a facility. Due to the compatibility of cryofracture with a wide range of OME, this facility would be capable of serving much of the UK’s disposal operations, offering significant economies of scale both in the running cost of the factory and in the revenue of recycled material. The major weakness of this factory is the increased transportation requirements arising from a single site serving the UK. Careful management of the Rapid Cratering Kit’s shelf-life would be required to safely transport any stock to the cryofracture site.
An initially cheaper alternative to a cryofracture factory is to purchase smaller and transportable cryofracture systems. General Atomics offer such systems for sale, albeit at a smaller economy of scale than a larger facility. [11] This alternative could offer a range of benefits compared to a single cryofracture factory, such as reduced transportation requirements and increased explosive safety arising from one or more mobile units being transported to the OME rather than the OME being transported to the factory, as well as reduced space requirements while offering many of the benefits of a larger fixed facility. [11] 
While these methods may initially be expensive, running costs when combined with recycling revenues are relatively low, and due consideration must be given to updating OME disposal techniques to minimise their impact on the environment. As well as this, cryofracture is suitable for a wide range of OME disposals and therefore can be of use to the UK’s armed forces as a whole.
This group will therefore recommend the creation of a UK cryofracture factory, funded nationally by UK stakeholders to be used for Army, Navy and Air Force OME disposals, where the OME is safe to transport. Mobile cryofracture systems will be invested in for immediate cryofracture disposal where risk is ALARP, to be transported between military sites as and when required.
[image: ]
Figure 5: Layout of Cryofracture Facility [9]





5 Conclusion
In conclusion, the final product of this group has offered major safety benefits to existing Rapid Cratering Kits through the use of a non-explosive tool to create the initial crater, as well as IM compliant explosive compositions in the cratering charges. The group left-sided much of the design and decision-making processes to reduce the likelihood of errors occurring at a later stage, while also holding at least one formal meeting each week of the project, as well frequent informal meetings and discussions. No section worked alone and decisions were frequently shared by the group. This ensured that work progressed at a steady pace and that requirements from each pre-apportioned section of the CADMID cycle were constantly communicated to the group.
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