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De-risking 81mm Mortars at QinetiQ Aberporth	June 6	2017
This report will look at the processes and procedures needed to De-risk land based Trials activity at Aberporth Range. Aberporth Range is an Air Range and in not accustom to firing land based munitions. It consults with the Ministry of Defense standard to ensure the correct policies are adopted by the di-ricking activity. The main objectives are to fire up to 36 illuminating 81mm mortar round and prove that the instrumentation at Aberporth is capable of tracking the mortar from launch to parachute splash and the data produced is of a standard that would meet customer requirements. The report also focuses on the noise pollution associated with firing mortars and ensures that the Ministry of Defense and Health and Safety Executive guild lines are not breached. 	
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1. [bookmark: _Toc484521871]Introduction

The task of the QinetiQ Aberporth Range is the efficient provision of instrumented Range capability in which trials of Guided Weapon Systems, Bombs, Military Aircraft and other equipment can be conducted safely and realistically, whilst yielding data to evaluate their performance. 

Aberporth range is located on the west coast of Wales and occupies 6,500km² of sanitised airspace which is illustrated in figure 1 (1). This airspace is from surface to unlimited altitude and overlaps the Welsh Military Training Area, which offers some unique low-flying options. We also have the capability to manage weapons storage and provision for helicopter landing

[image: ]
[bookmark: _Toc484517572]Figure 1 Range Air-Space


Aberporth provides a controlled safe environment for the release of land-, air- and sea-launched missile firings as well as instrumentation verification, passive and active IR/RF jamming and the ability to manage supersonic trials activity.

This fully instrumented controlled environment enables the evaluation of air and sea weapons, systems and training.
The image in figure 2 is an aerial view of the top camp at QinetiQ Aberporth. (1)
[image: C:\Users\pecartwright\Pictures\Rangehead.jpg]
[bookmark: _Toc484517573]Figure 2 Aberporth Range head

Aberporth Range is predominantly an Air Range and is not accustom to providing a solution for land based weapon systems. 
This report will look at the processes and procedures needed to De-risk land based Trials activity at Aberporth Range. 




1.1. [bookmark: _Toc484521872] Aim of the Report

This report will investigate the feasibility of delivering a land base Trial at Aberporth Air Range. In order to de-risk the 81mm mortar firings at Aberporth a number of questions must be considered. 
· Can this Activity be conducted on a different QinetiQ Range
· Dose the Aberporth Range Safety Case incorporate firing a land base weapon system. 
· Weapon Risk Analysis
· Weapon Risk Failure Rate
· Is the Aberporth Trials documentation suitable to cover land based firings
· Range Standing orders for the conduct of trials
· Hazardous Activity Rick Assessment
· Trials Safety certificate
· Trials Specification
· Is the documentation transferable from land to air Ranges.
· Range Standing orders for the conduct of Trials
· Trials Test plan
· Dose the Range have enough space to in-compass, the mortar firing danger area and weapon impact area.
· Joint service Publication (JSP) 
· Ministry of Defence (MOD) Mortar firing guide hand book.
· QinetiQ safety trace construction tool
· Does the Range have facilities to store the mortars?
· Weapon Storage Magazines, storage capacities and licences
· Weapon Storage Magazines, location and proximity to Range Boundary
· Does the Range have correct facilities to dispose of any potential miss fired Mortars
· Location of disposal burning pit and proximity to Range Boundary
· Has the Range the Instrumentation in place to conduct the Mortar firings.
· Acoustic Triggers to activate a Direct Zero Time (DZT) to start all Range Instrumentation.
· RADAR to Track and recorded Mortar trajectory
· Hybrid Tracking Platforms (HTP) to provide optical trajectory
· Can the Range and its Danger Area contain the noise of the firing to limit noise pollution on the public and Range Workers.
· Noise levels in the JSP standards and health and Safety (HSE) standards
· Plan of the location of the noise monitor readings 
· Environmental impact of the Mortar firings 
· Potential sea pollution from Mortar debris
· Potential land pollution for explosive residue


1.2. [bookmark: _Toc484521873]Objectives of the Report

The measured out comes of the project are:-
· Prove that the Trial does not breach MOD noise regulations. 
· Prove Multi Object Tracking Radar (MOTR) ability to track Mortars from launch at Aberporth.
· Prove/disprove the tracking capability of HTP’s utilising their compact tracking radar (CTR)
· Provide training opportunities across the Division for: Instrumentation Teams, Mortar firing team and Armoury/Explosive Team
· Enable the Range to augment its service to encompass Battery firing operations in conjunction with conducting its day to day service
· Relieve pressure on other Ranges that are struggling with their capacity to deliver the order book.

1.3. [bookmark: _Toc484521874] Structure of the Report

This report is structured in 5 main parts 
1. Introduction.
This will include a brief overview of the Range environment and why this investigation is being conducted. 
2. Literature Research.  
The research will focus heavily on the MOD’s standards for operating ranges (JSP’s) and the Mod hand book for Mortar Firings and will give the reader an understanding of the documentation needed to deliver a Trial.
3. Development Methodology.
The report is being developed using the systematic approach “DMAIC” which is a six sigma methodology.  Define, Measure, Analyze, improve and control (DMAIC)
4. Trials Design.
The will give the reader the understanding of the equipment and coordination needed to conduct a Range Trial following the MOD JSP standards.
5. Findings, Recommendations and Reflections.
This section of the report will analyses the output from the investigation and recommend and improvement that could improve Trials delivery across different Ranges within the test Range environment 




2. [bookmark: _Toc484521875]Research and Review of Literature

In order to conduct any Trials activity at any QinetiQ Range, there must be a documentation pack in place that consists of.
· Range Standing orders for the conduct of Trials. (RSO)
· Trials Specification (Air Range)
· Hazardous Activity Risk Assessment, (HARA).
· Trials safety certificate, (TSC).
· Trials Test plan (Land Range)

The Trial documentation pack is developed form the JSP standard.
JSP is the MOD’s safety management system for all UK Range’s there are under written by the secretary of state for defence. They apply to all Mod Ranges and provides direction on best practices to ensure that the risks associated with Mod Ranges safety are “as low as reasonably practicable” (ALARP) (2)
2.1. [bookmark: _Toc484521876] Organization of Trials Literature


[bookmark: _Toc484517574]Figure 3 Structure of Literature
The Range standing orders and Range safety case are formulated from the MOD JSP standards, as the image in figure 3 shows that information is then carried forward to develop the rest of the Trials documentation pack. 
2.1.1. [bookmark: _Toc484521877]JSP Standards
JSP403 Volume I Part 1 (3) - The overarching policy which gives clear direction as to what must be followed in accordance with Legislation, Regulation, Direction, Instructions mandated by Defence or on Defence by Central Government. 

JSP403 Volume 1 Part 2 (3)- Direction as to the implementation of the safe operation, use and maintenance of Defence Ranges in compliance with the policy set out in Part 1 of this JSP. 

JSP403 Volume 2 (3) covers the design and construction of ranges and deals specifically with small arms, infantry and 40mm weapon systems ranges.

JSP402 Volume 2, (3) Chapter 23 covers all parameters of constructing a Mortar Range and the approved templates for the Weapon Danger Areas.

JSP402 Volume 2, (3) Chapter 31 covers the control of noise from small arms Ranges.

JSP403 Volume 3 (3) is in two parts. Part 1 covers the firing of weapon systems from fixed wing aircraft and helicopters on to MoD Ranges. It has introduced commonality into control systems, procedures and management. It also explains the terminology used in air-to-surface engagements. Part 2 details the policy and principles for the safety of surface-to-air weapon systems firing against air or surface targets on MoD Ranges. 

JSP403 Volume 4 (3)covers the design and construction of demolition ranges and explosive ordnance disposal training areas, the clearance of ordnance from ranges and training areas, the safe use of ranges and training areas for demolitions and ordnance disposal training, and the safe use of explosives and pyrotechnics for battle simulation on ranges and training areas and safety of ranges and training areas used for demolitions and ordnance disposal training and for battle simulation.
JSP482 (3)Is the MOD explosives regulations for the safe storage and processing of ordinance, munitions and explosives.
JSP762 (3)Is the weapons and munitions through like capability safety management system.
The Control of Noise at Work Regulations 2005 (4)gives daily noise exposure to the public and working personnel, also gives guidance on noise control risk assessments.
2.1.2. [bookmark: _Toc484521878]QinetiQ Documentation
Range Standing orders for the conduct of Trials. (4) This outlines the rules and control measures for ensuring MOD Aberporth is operated in a safe and secure manner.
Trials Specification. (Air Range) (5) Details all parameters of the activity including customer deliverables, safety requirements the sequence of the firings and the roles and responsibilities of staff members during the activity.
Hazardous Activity Risk Assessment. (5) List all known risks associated with the task reduces them to ALARP
Trials safety certificate. (6) Issued by the Range safety committee after all the documentation has been review and the HARA has been passed by the Hazardous Activity Management Panel 
Trials Test plan. (Land Range) (7) very similar to a Trail Specification but land Range has different roles and responsibilities. 
2.1.3. [bookmark: _Toc484521879]Quotations

“JSP403 is designed to provide a comprehensive handbook covering safety on MoD Ranges. It provides legislation, regulation, policy, guidance and instructions on which the Services and Ministry of Defence civilian organisations and agencies can base the safe operation, maintenance and use of their ranges. There are currently four volumes issued and further volumes may be produced if required.” MOD (2)
“This JSP has been developed for use by Suitably Qualified and Experienced Personnel (SQEP) involved with Ranges Safety. It assumes that they will have a broad knowledge of Health and Safety Legislation. Simply following this JSP will not fulfil all your obligations arising from other legislation.” MOD (2)
“We first examined the measures the Services are already taking to mitigate the effects of noisy activities. We learned that steps have been taken, at an airfield where noise problems are particularly severe, to buy surrounding land to ensure that the areas most affected are not developed. This policy of sterilization can, in special cases, make a worthwhile contribution to the reduction of noise nuisance to the public; though it involves the acquisition of more defence land, this land can usually be productively used for agricultural purposes. Buffer Zones 
We considered whether this policy might have wider applications. In particular, we had in mind the fact that the noise problem which already exists at firing ranges and training areas close to urban areas is likely to get worse as housing and other developments advance closer to the Service sites, even though the volume of noise may not increase. We hold very strongly that this is a matter which needs to be tackled now, and consider that if ‘buffer zones’ were introduced between Army sites where firing takes place and civilian developments, the worst features of this noise problem could be contained, and in some measure mitigated. We recognize that this poses problems for local authorities as well as the Ministry of Defence; we recommend that it should be tackled jointly, with give and take on both sides. Existing dispositions and problems of land acquisition make it unlikely that this policy can be universally applied, but we would propose its adoption wherever practicable.” Hon.Lord, Nugent of Guilford. (3)
2.2. [bookmark: _Toc484521880] Research Review Conclusion

The objectives of the literacy review where difficult to achieve. The MOD has a set of regulations which set the standards for all weapons testing within the United Kingdom. This means there is no other literacy for this type of testing which made compare or critical reviewing the information in the JSP’s impossible. The research element however was more attainable as there is a massive amount of information in the JSP which detail the process, procedures, construction and delivery of Trials activity. The research also involved observing mortar firings at MOD Pendine to ascertain the differences in the roles and responsibilities between the land and air domain. This also formed essential research in the equipment needed to conduct the Mortar firing and how the instrumentation on the Range is triggered.
3. [bookmark: _Toc484521881]Development Methodology

The Six Sigma DMAIC methodology can be thought of as a roadmap for problem solving. It defines 5 phase step which captures the entire formulation of the process. It is a proven methodology for improving system based processes as it allows the user to access and return to an appropriate phase in the methodology.
3.1. [bookmark: _Toc484521882] Research Flow Chart

[bookmark: _Toc484517575][image: ]Figure 4 DMAIC Flowchart







3.1.1. [bookmark: _Toc484521883]Research Process

The image in Figure 4 shows a flow chart of the DMAIC process. The various elements that make up the Range test can be detailed and formulated as it proceeds through lifecycle system. 

· Define. 
Deliver an understanding of the whole problem and establish whether there is a capability gap in the delivery of the activity
· Measure.
Ensure the Range as the correct skills required to complete the Activity
Ensure the concept stage has been fully understood and that all safety and environmental risk have been identified and all the hazards associated with the risk have been logged.
Ensure all documentation has been completed and reviewed at Hazardous activity Management (HAM) level.
Ensure the capabilities are in place to conduct the activity
· Analyze.
Ensure work breakdowns of the activities are in place.
Ensure risk mitigations plans are in place.
Agree monitoring and measurement procedures.
Draft Range Operational procedures
Draft disposal plan.
· Improve
Monitor testing to insure compliance and identify improvements.
Ensure environmental management plan is in place.
Ensure Range Operational procedures are in place.
· Control
Continue to monitor risk mitigations.
Continue to monitor environmental assessments.
Influence the planning process for improved performance. 
Ensure waist is dispose of in accordance with the disposal plan.

The lifecycle we enable the project to be tracked through its various functional responsibilities and gate point. It will form a critical part of the project Gantt chart which can be found in Annex A.




3.2. [bookmark: _Toc484521884] Development Methodology Conclusion

DMAIC six sigma was chosen for this process as it is very customer driven, it addresses the entire process behind the system rather than just the final outcome. The process can also be considered to be proactive rather than reactive as it set out to determine how improvements can be made even before defects or shortcomings are found. However the process can sometime be drawn out and cause substantial cost to the business so much so that it could adversely affect profitability, in addition its customer focus could be taken to extremes and quality control may suffer as the company attempts to meet six sigma’s level of consumer satisfaction. 
The methodology work particular well in the Design of the trial phase of the project. It enabled the project team to repeatedly analysis the processes involved and create workable solutions for any problem that arose. An example of this was the sensor flash detector which didn’t deliver the result required to measure the accuracy of the mortar. The DMAIC process allowed the project team to re-analysis the process and finds a solution whilst still planning the rest of the activity.















4. [bookmark: _Toc484521885]Design of the Trial 

The aim of this trial is to fire up to 36 x 81mm L54 illuminating bombs at varying charge weights and elevations so the operators of the deployed radar systems and HTP's gain experience with tracking the 81mm mortar bombs.

Three locations where considered for the firings, as can be seen in figure 5 (10), the perpendicular coloured lines are the limit of the arcs of fire of the mortars. Lower C-Site was chosen as the preferred location as it is in a slight defilade and would offer the most protection against noise dissipation, it would also be the most convenient place for instrumentation to be deployed.


[image: cid:image001.png@01D12B85.411D0280]
[bookmark: _Toc484517576]Figure 5 Mortar Firing Locations

Aberporth Range it operated differently to Pendine Range this is predominately because they have many different smaller firing range inside the Range boundary and fire small calibre weapons where at Aberporth we have one big firing Range and fire weapons with greater ballistic properties so the personnel have the same job titles but different responsibilities, in order to conduct the mortar firing the RSO’s for Aberporth would have to align with the RSO’s in Pendine, after several meeting with the Trial Safety Managers, (TSM) Range Operations Condolers (ROC) In Flight Safety Officers, (IFSO) Trials Conducting Officers, (TCO) and Trials planners, it was decided that the RSO’s could stay as they are, and all the instructions with roles and responsibilities  for the mortar firing would be highlighted in the trials specification and trials test plan this would save a lot of time and energy as the RSO’s would have to be sent to the MOD for approval which could take several months. As Pendine Range had fired 81mm mortars before they agreed to supply the Range with the Trials spec, HARA and test plan. This is an ideal solution because they already have the expertise and experience in this field.
Once the documentation was formulated the Trial was presented to the QinetiQ Aberporth Hazardous Activity Management (HAM) Panel for review. The panel where happy with the routine of the Trial and the change in roles and responsibilities but insisted on two stipulations.

1. Only 5 mortars are to be fired on the first sortie, the safety, trials and instrumentation team would then meet to analysis the results and implement any improvements.
2. Noise meter readings would be taken and different location of the Range boundary and on the safety boat during the first firings to assess the potential of the firings beaching the MOD noise regulations.

The findings from the HAM panel formed part of the HARA and recourses where put in place to meet the two stipulations. 
Once all the documentation was in place the firing order for the trial was also discussed with the instrumentation team to develop a plan which would give the Radars and HTP’s the best chance at tracking the mortars it was also designed to be the most efficient way so that the firing team only had to make minor adjustments to the mortar barrel positioning.
	Serial
	Charge
	Degree °
	LOA 
(°T)

	1
	6
	50°
	020°

	2
	6
	50°
	330°

	3
	3
	55°
	330°

	4
	6
	80°
	330°

	5
	6
	50°
	360°

	6
	3
	80°
	360°

	7
	6
	80°
	360°

	8
	1
	75°
	360°















[bookmark: _Toc484170051]Table 1 Firing Order

Table 1 show the firing order of the mortars for the day of the trial, the Line of Attack (LOA) is the line in degrees at which the mortars will be fired, the degrees column represents the angle of the barrel for each serial. The reason the table show eight serials but on 5 mortar are to be fired is to allow for different variation to be chosen if the instrumentation or weather preclude the firings.
5. [bookmark: _Toc484521886]Engineering

The engineering requirement for the trial cover all the hardware needed it also included applying to RAF regulators for the permissions to install a temporary firing battery on Aberporth Range head. The ADATS form 471 Engineering Appraisal Request (Annex B) gives the dimensions and location of all metallic objects being installed on the Range to allow the RAF to determine whether it will cause interference to the air surveillance Radars. A Weapons Configuration Change Proposal (WCCP) is also submitted to the Range engineering committee to highlight any issues which have not been considered. Below is the WCCP submitted to the Range.
	Proposal Title: De-risking 81mm Mortar firing on C-site Aberporth
	Reference:

	Owning Facility or Project: De-risking 81mm Mortars
	Proposer: Paul Cartwright

	System Affected: There is the potential that all Range system could be affected as there will be mobile Radar the DRX-41320 CW Doppler Radar deployed on C-site.  Other systems that will be directly affected by this activity are the Central timing unit (CTU) the range intercom system specifically rings 2 and the cabling infrastructure.

	Sub-System/Assembly/Item: 

	Operational function of affected Items: 

	Is the modification a hardware change?
	YES / NO
	Will it be a new design?
	YES / NO

	Is the modification a software change?
	YES / NO
	In house design change?
	YES / NO

	Is the modification an infrastructure change?
	YES / NO
	Contractor design change?
	YES / NO

	What is the Change Category? 
	CAT A  |_|         CAT  B  |X|            CAT C  |_|                (tick as appropriate)

	Does JSP 440/480 IT Security apply?
	YES / NO
	IDR required?
	YES / NO

	Does JSP 846 RSC/RSP safeguarding apply?
	YES / NO
	Do explosives regulations apply?
	YES / NO

	Is this a temporary installation?
	YES / NO
	Date for removal (temporary installation)
	

	Does a local checklist apply, and if so, is it attached?
	YES / N/A
	Approval required by (date)
	26/10/2016

	Reason for change:
To enable Aberporth Range to carry out this activity there will be equipment deployed form other Ranges. 
From Pendine
Splinter camera shelter,  located at lower C-Site  
Mortar mount, located at lower C-Site
Flash detector, located around the Mortar barrel at lower C-site
SR Radars, located around the Mortar barrel on lower C-site and have a RADHAZ of 20m
To enable use to complete this activity the splinter camera shelter and DRX ISO container will require intercoms and a safety camera will need to be installed somewhere on c-site. 
For the Range to get accurate timing for each firing a flash detector will be located around the mortar barrel on lower C-site.

	

	Proposed solution (include details of regulatory compliance):

The instrumentation staff from Pendine will be housed in C-site block house and utilize the existing intercom.
For the DRX ISO container and splinter camera shelter intercoms will be installed using temporary connections from C-site block house. 
A safety CCTV camera will be mounted to the railings on the eastern side of upper C-site and will use site cabling infrastructure to feed the image to optics.

The Range will use its own flash detector which will feed into the CTU using the existing cabling infrastructure this will be used to give the Range accurate timings for each firing. 

All equipment will be operated with accordance of the operators risk assessments and work instruction, all of the deployable equipment will work independently and will not be connected to any system on the Range.



	Safety, security and environmental considerations:

Safeguarding for the RADAR equipment would need to be considered.
The Range will carry out mutual interference checks in accordance with Trails Spec X1708, to confirm that the deployed instrumentation and Range systems don’t interfere with each other. 
The new cabling will be installed to JSP440 and SDIP29/1 standard in accordance with Coordinating Installation Design Authority (CIDA).
Noise calculations have been done by the MET office and noise measurements will be taken at the fence line to confirm noise limits are met. 

	Supporting documentation (include regulatory documentation if required):
Range Standing order will be changed to incorporate the new procedures for the Mortar firings. The trial specification and test plan will be produced by the Trials Manager at Pendine. 
The Range Cabling documentation IDP will be up-dated but is not submitted with this proposal.
Submitted with the CCP is a map of the proposed location for the equipment, the location of the flash detectors, SR RADARs and MV RADARs will change with each QE and LOA but they will not move from lower C-site. 

	

	Authority to submit for review (Facility Manager, Project Manager, Engineering Lead)
Name:   Paul Cartwright                                        Signed:                                              Date: 06/08/2016

	Proposal Title: De-risking 81mm Mortar firing on C-site Aberporth
	Reference:



Source document:  “Weapons Division – Air and Land Range Configuration Control Process” refers




5.1. [bookmark: _Toc484521887]Camera Shelter & Mortar Mount

The camera shelter would be supplied by Pendine Range it’s a standard mount used on previous mortar campaigns. Figure 5 is an illustration of the camera shelter.
[image: ]
[bookmark: _Toc484517577]Figure 6 Camera Shelter

· The overall dimensions of the camera shelter 
· 1520mm x 1830mm x 2400mm (H) (Forklift feet 200mm (H))
· Front – 1830mm x 2230mm (H) x 40mm
· Horizontal Front shutter – 1305mm x490mm (H)
· Sides – 1500mm x 2230mm (H) x 25mm
· Roof – 1520mm x 1830mm x 70mm
· Back – 25mmm thick
· Single door at back 25mm thick
· Floor – 25 mm thick
· Mass – 6 tones

The mortar mount or PUMM would be supplied by Pendine Range the PUMM as it implies houses the mortar firing tube and can be adjusted to achieve the desired firing parameters.

· Overall Dimensions
· Length 2130mm 
· Breadth 1850mm 
· Height 2000mm
· Weight 3.5 tones approximately
[image: ]
[bookmark: _Toc484517578]Figure 7 Mortar Mount
The image in figure 6 show the mortar mount with a mortar barrel fitted.

[image: ]
[bookmark: _Toc484517579]Figure 8 Shelter and PUMM C-Site

The shelter and PUMM are mounted in a configuration so that the Firing Officer (FO) in never in the line of sight of the mortar barrel, as shown in the image in figure 8, the shelter on the left is separated from the PUMM by a Pendine block wall. The FO dose not fully insert the mortar into the barrel in actually sits on a removable horseshoe shape piece of metal, the FO will the retreat inside the shelter and pull the firing cord which removes the horseshoe which allows the mortar to drop into the barrel. The mortar is initiated by striking a firing pin at the bottom of the barrel.







6. [bookmark: _Toc484521888]Noise Assessment

The acoustic properties of the mortar firing posed the greatest concern when conducting the firings. The JSP402 Volume 2, (3) Chapter 31 covers the control of noise from small arms Ranges. 
JSP 403 Volume 2 Edition 3 Change 6, Chapter 31, paragraph 3106, quotes, (2) The Nugent Rule. This is a historical reference from the Defence Land Committee report 1971-73. By the right Hon.Lord, Nugent of Guilford.
“We first examined the measures the Services are already taking to mitigate the effects of noisy activities. We learned that steps have been taken, at an airfield where noise problems are particularly severe, to buy surrounding land to ensure that the areas most affected are not developed. This policy of sterilization can, in special cases, make a worthwhile contribution to the reduction of noise nuisance to the public; though it involves the acquisition of more defence land, this land can usually be productively used for agricultural purposes. Buffer Zones 
We considered whether this policy might have wider applications. In particular, we had in mind the fact that the noise problem which already exists at firing ranges and training areas close to urban areas is likely to get worse as housing and other developments advance closer to the Service sites, even though the volume of noise may not increase. We hold very strongly that this is a matter which needs to be tackled now, and consider that if ‘buffer zones’ were introduced between Army sites where firing takes place and civilian developments, the worst features of this noise problem could be contained, and in some measure mitigated. We recognize that this poses problems for local authorities as well as the Ministry of Defence; we recommend that it should be tackled jointly, with give and take on both sides. Existing dispositions and problems of land acquisition make it unlikely that this policy can be universally applied, but we would propose its adoption wherever practicable.” Hon.Lord, Nugent of Guilford. (3)
The understanding that one can gather from this statement is distance is the most cost effective noise reduction measure available. As such the firing will take place at the furthest place available on the Range from the public. Below is an abstract from a table in JSP 403 Volume 2 Edition 3 Change 6, Chapter 36, page 7. (3)
	
	10 
	Mortar 81mm, QE45° L16/Charge 5 QE45° L16/Charge 5 QE45° 
	183 187 183 
	11.0 3.0 2.7 
	186 --
	8.0 --
	---
	---
	-182 183 
	-3.6 2.9 
	-173 170 
	-4.0 4.4 


[bookmark: _Toc484517580]Figure, 9 Mortar max noise

In Figure 2, column 3 shows the noise in dB from a mortar fired at an angle of 45⁰ with a charge 5 which is the maximum charge. The max noise level produced is potentially 187dB. If the sound of the mortar firing is represented by a point and sound is radiated equally from it in all directions. Every time the distance from a point source is doubled, the level decreases by 6dB. At point source, the mortar, which produces a level of 187dB at 10m, it will produce a level of 181dB at 20m. At a distance of 30m, the level will have fallen by 10dB. In other words, when the distance is trebled, the loudness is halved.
The minimum distance from the public to the firing point is 640 meters, calculation completed by the on-site Met office using the attenuation factor of 6 and 10 shows that the noise level would not be a hazard to the public.
 
	Attenuation
	
	Measurement at
	Still Air Predictions at [metres] from mortar tube

	Factor
	Mic
	10
	20
	40
	80
	160
	320
	640

	6
	13
	161.1
	155.1
	149.1
	143.1
	137.1
	131.1
	125.1

	6
	16
	178.3
	172.3
	166.3
	160.3
	154.3
	148.3
	142.3

	10
	13
	161.1
	151.1
	141.1
	131.1
	121.1
	111.1
	101.1

	10
	16
	178.3
	168.3
	158.3
	148.3
	138.3
	128.3
	118.3


[bookmark: _Toc484517581]Figure 10, Table of dB measurements


The on-site Met office at Aberporth Met conducted a noise assessment and predicted the noise attenuation at different ranges around the mortar firing point.
[image: J:\BEng 3rd\Mortar Project\Acoustic Plot For Aberporth_files\23MAy2016 1030-1430 Z C-Site Lower 0.14 KG TNT.gif]
[bookmark: _Toc484517582]Figure 11 MET Noise Assessment
The image in figure 11 is a representation of the MET noise assessment with the cross representing the firing point, the rings radiating outward is the noise attenuation loss in dB To insure the Met prediction where correct and to satisfy the stipulations of the HAM panel noise meter reading would be taken at different location around the range boundary.


[bookmark: _Toc484517583]Figure 12 Noise Reading Locations
Noise measurement would be taken at various locations long the Range and Public boundary they would be conducted using a Casella Class 1 sound level meter which is has an event capture function which displayed the sound captured in dBs’ The measurement will be radioed back in real time to the Operations Room. Figure 13 show an image of the sound monitor.
[image: Casella CEL-633 Environmental Sound Level Meter Kit (Class 1 with Logging)]
[bookmark: _Toc484517584]Figure 13 Sound Monitor
7. [bookmark: _Toc484521889]Firing Danger Area

The Range Danger area in compasses 6,500km² of sanitized air space, it is sanitized using a number of different Range assets, they consist of Sea surveillance RADAR, Range clearance vessels and land based spotters. The safety trace for the activity would be provided by the MOD JSP’s. The JSP contained safety traces for all types of mortar rounds for example, live, smoke, and training and illuminating, the safety trace gives the minimum and maximum firing distances for each type of round. After discussions with the safety team it was decided to use the largest safety trace this was for two reasons the first being safety, because the safety traces are built from previous firings and probability it was better to start off with the biggest trace and reduce it if needed. The second, if the Range could prove they could fire mortars at the longer distances this would be a valuable service to offer customers. Figure 14 shows the safety trace for 81mm mortar. Which can be found in JSP403 Volume 2 Edition 3 charge 6 Chapter 23, page 9 (1)
[image: ]
[bookmark: _Toc484517585]Figure 14, Mortar Safety trace.
The safety trace parameters are used to construct a safety trace on the Trials Control System (TCS) safety planning tool, the planning tool uses a standard reference point on the Range which aids in placing the safety trace very accurately in the Range Danger area.



8. [bookmark: _Toc484521890]81mm Mortars

The complete round consists of a body tube and tail cone assembly, an illuminate candle and
Parachute assembly, a time fuse with a built in expelling charge, a fin assembly with propellant charge, and an ignition cartridge with percussion primer. (11)The nose of the thin-walled steel tubing body is fitted with a steel adapter and internally threaded to accept the fuse. The tail cone may be internally or externally threaded, depending on the model. Models that are internally threaded require an adapter for attaching the fin assembly. The tail cone is attached to the body with four equally spaced shear pins. The illuminate assembly, consisting of a first-fire charge and an illuminate charge, is contained in a boxboard case and attached to the parachute with a 30-inch suspension line. Fin assembly attaches with or without adapter, depending upon design of the tail cone. (11)



[image: http://www.gd-otscanada.com/wp-content/uploads/LCA_81mm_C146.jpg]
[bookmark: _Toc484517586]Figure 15 Illuminating Mortar
Figure 15 (12)is an image of an illuminating mortar; below is a list of the mortar 
Properties (11).

· Length 24.735 inches
· Diameter (body) 81 mm
· Weight 10.1 pounds
· Filler Illuminating
· Filler weight 1.37 pounds
· Propellant M185
· Fuse Time, powder, M84A1
· Painting and markings White with black markings
· Nominal Maximum Range to Burst: 5,250 m (from L16A1 or similar mortars).
· Average Illuminating Intensity: 900,000 candelas for minimum of 35 s.


8.1. [bookmark: _Toc484521891] Mortars Storage

The Range has 4 purposes built explosive storage magazines which meet the standards set out in JSP 482: Ministry of Defense explosives regulations for the safe storage and processing of ordnance, munitions and explosives. (4) The Range also has a dedicated explosives team which look after the movement and handling of all ordinance from the Magazines to the Firing points.
 
8.2. [bookmark: _Toc484521892] Mortar Disposal 

The Explosives team have a dedicated area on the Range head where miss fired or unused ordinance can be disposed of. The facility and disposal working instructions meet the standards in JSP 482: Ministry of Defense explosives regulations for the safe storage and processing of ordnance, munitions and explosives, (4) and JSP 762: Weapons and Munitions Through life Capability. (5) 
9. [bookmark: _Toc484521893]Range Instrumentation  

In order to review the instrumentation needed on the Mortar firing the project organized a trip Pendine Range. At the Range the Operational team had set up a mock firing point and went through a firing sequence. This experience was vital in enabling a Configuration Change Proposal (CCP) being written for Aberporth CCP/ABE636/81MM (6)CCP is located in Annex C. A CCP is used when there is a change in the configuration to any Range infrastructure or instrumentation. What was discovered from the visit is that 2 new intercoms needed installing on the firing point and also a safety camera to monitor the splinter cell which housed the firing officer. The Range would also need to install a flash detector which would feed into the Central Timing Unit (CTU) this would give a time stamp on the trials records at the point of launch. To track the mortars from launch to splash the Range would use the MOTR RADAR this is a mobile tracking RADAR capably of track 50 objects at a time with a very small cross sectional area.  The Range would also use Hybrid Tracking Platforms (HTP) they are optical cameras capable of view tracked assets at up to 40km from the Range head. All the other equipment needed for the trial would be supplied by Pendine Range.
9.1. [bookmark: _Toc484521894] Main Sequencer Unit MSU

The MSU provide a means to synchronise a trial in 0.1 second intervals by switching instrumentation on and off at preselected time. These times can be anywhere between -9 hours 59 minutes 59seconds 9 tenths and +9hours 59 minutes 59 seconds 9 tenths. It consists of 120 general output channels that can be switched on and off at any time during the sequence in 1.0 second steps. For the purpose of the firing lines the output channels can be considered as two isolated banks of 60 channels working in tandem. The firing line circuit is wired through two channels, one from each isolated bank. All outputs are programmed on the IBM computer terminal prior to the trial the Flash detector would form one of the inputs channels and trigger a Data Zero Time (DZT) at the point of firing.
9.2. [bookmark: _Toc484521895] Sensors 

The Sensor utilized for the Trial would be a type 726 flash detector it provides an output signal in response to a brief light pulse, this can be used for the detection of muzzle flash, explosion or other similar brief events, which gives accurate projectile launch time or time of flight to target. The flash detector outputs TTL via a BNC connector which connects to the Range MSU system. The MSU will use the TTL output to trigger a DZT to activate other instrumentation across the Range. This would be critical for the Hybrid Tracking Platform as they use the DZT to trigger a Pre-Determined Trajectory PDT.
The flash detector is mounted on a photographic tripod and placed in a suitable location next to the mortar barrel insuring that it is not facing the sun as this can trigger un-wanted events. Data sheet can be found in annex b. Figure 16 is an image of the Flash detector on the tripod.
[image: C:\Users\pecartwright\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\ZPDOXXIR\IMG_1216.jpg]
[bookmark: _Toc484517587]Figure 16 Flash Detector
9.3. [bookmark: _Toc484521896]TCS

The Trials control system (TCS) is used to provide a controlled safe environment in which to conduct trials, the safe environment is achieved by utilizing a number of interlinked sub-systems. They include sea surveillance, tracking radar, Hybrid Tracking Platform and safety related traces and maps. The information is correlated by the Configuration management and control (CMC) workstation and sent out to work stations that are used by the in flight Safety Officer and National Air Traffic Controllers. 
Figure 17 shows a system diagram of how the TCS connects to its sub-systems (7)
[image: ]
[bookmark: _Toc484517588]Figure 17 TCS System Diagram
The IFSO uses a function on the TCS to insert the parameters of the safety trace on to the TCS system. The TCS can then be configured to give alarm notifications using Radar data if any of the safety trace parameters are breached. 




9.4. [bookmark: _Toc484521897] HTPI
The HTP provides a highly capable, dynamic and precise auto tracking capability, facilitating the capture of highly accurate data in a multitude of scenarios. They have an integrated video tracker for optical auto acquisition and tracking and provide highly accurate time-space-position information which can then be passed to the TCS. For the purpose of this trials activity the HTP’s would look in on firings to confirm splash position, and to improve resilience by gaining experience at tracking mortar rounds with Compact Tracking Radar (CTR). They will use an output from the MSU to trigger the PDT on the system this will give them an accurate start point on the firings. The image in Figure 18 shows an HTP at one of the observation points at Aberporth.
[image: ]
[bookmark: _Toc484517589]Figure 18 Highbred Tracking Platform
9.5. [bookmark: _Toc484521898] Radar 
The Aberporth Range currently uses one Multiple Object Tracking Radar (MOTR) operating in NATO G Band and one NIDIR Single Object Tracking Radar operating in NATO I Band as the tracking sources for both real-time trials safety control and TSPI data gathering purposes. The Radars use the DZT function from the MSU to give them an accurate records start point. The Mortar firings would also be a test of tracking capability that will give the Range confidence that customer requirements could be delivered by the Radars. Figure 19 is an image of the MOTR at Aberporth.

[image: ]
[bookmark: _Toc484517590]Figure 19 MOTR
10. [bookmark: _Toc484521899]81mm Mortar Testing 

A week before the testing was due to begin the Pendine TCO and Aberporth TCO ran through a firing rehearsal to confirm the firing sequence of events for the Trial was correct. The active participant in the activity then joined the TCO’s for a complete rehearsal of the firing sequence plus miss fire drills. The instrumentation team also tested the Flash detector and confirmed it was triggering the correct events in the trial sequence. 
The first five mortars would be fired as per serial 1 LOA 020° charge 6, as in Table 1 page 16 of the report, 
[image: ]
[bookmark: _Toc484517591]Figure 20 Mortar firing
The first of five mortar rounds was fired successful, the tracking radar acquired it from launch to flair out, and figure 20 is an image from the first mortar firing. 
The flash detector had triggered and raised an event on the MSU but had not triggered the PDT on the HTP’s; the HTP has slaved to the tracking radar to acquire the mortar. The Instrumentation and trials team decided to carry on with the sortie and fired the remaining 4 mortars. On the 3 firing the flash detector became un-serviceable and would not respond to any light changes. On investigation it was found that the light sensor was outputting 4.8volts for 3 microseconds, the distance from the sensor to the MSU was approximately 480meters the signal was not off a sufficient load to trigger the relay at the MSU end of the circuit, for the next sortie of the firings a different solution would need to be found this is a good example of the DAMIC process in action as it allows for the process to be analysed at any point and re –worked in needed.  
[image: ]
[bookmark: _Toc484517592]Figure 21 TCS Display
The first sortie had mixed results for the instrumentation section. The Radars successfully tracked all five mortars from launch to flair out the HTP’s had slaved to the radars on the first three firings but where able to track the last two using their own PDT. The image in figure 21 is a screen shot taken from the Trials Control System. The MOTR1 track on a bearing of 22.2° is the track of the mortar from launch to flair activation. MOTR2, 5 and EOTI1then tracked the flair and parachute as it drifted in an easterly direction. The issues with the flash detector had limited the data capture capability of the HTP’s as they were having to estimate the first four seconds of flight which when considered that the mortars travel at approx. 225meters per second on a full charge (13) the mortar would be 1000 meters away before the HTP’s acquired it. The flash detector would be critical in triggering the PDT to give the HTP’s an accurate launch time.

On the day of testing the MET office constructed and acoustic plot calculated using the wind conditions and explosive properties of the mortars. 


	Acoustic Plot For Aberporth (Model Run 1202)

	Valid From: 14/03/2017  1030 Z
	Valid To: 14/03/2017 1430 Z

	Firing Point: C-SITE LOWER
	Easting: 224146
	Northing: 252425

	Source Name: TNT
	Weight: 0.14kg
	Height Above Firing Point: 1m

	Forecaster: andrew.hobson
	Issued at: 14/03/2017 0924 Z

		E223002 N253187
	Scale 1:10000
	E225290 N253187

	[image: J:\BEng 3rd\Mortar Project\Acoustic Plot For Aberporth_files\23MAy2016 1030-1430 Z C-Site Lower 0.14 KG TNT.gif]

	

E223002 N251663
	Grid Spacing: 5000m
	E225290 N251663




	Monitor Points

	Name
	Easting
	Northing
	DB Level

	PF1
	223792
	252221
	121.33

	FPC Fence Closest
	224137
	252021
	120.15

	PF14
	224147
	251956
	117.81

	PF6
	223910
	251995
	117.74

	FPC MoD Bdy Closest
	223689
	251831
	113.66

	PF31
	224465
	251590
	110.8

	BDY2
	224452
	251490
	109.92

	PF37
	224607
	251576
	109.75

	PF40
	224641
	251497
	109.05


[bookmark: _Toc484517593]Figure 22 MET Data 14/03/2017

The met office predicted the noise level at the closest MET boundary to be 113.66dB. The actual noise readings take on the day of the firings can be seen in figure 22.


[bookmark: _Toc484517594]Figure 23 Noise Reading Mortar Firings
The noise levels readings on the day were lower than what the MET had predicted. The prediction tool does not take into consideration the undulations in the landscape and that the firing point is in a defilade which offers some nature noise absorption. This noise figure at the closest public exposure point is 35dB lower than the HSE guidance in the Control of noise at work regulations 2005 (4) this was a real positive for the firings as the noise limits where one of the major concerns and measurable outputs of the testing.
The trial configuration was also deemed as a success with the amalgamated of roles from the Land and Air Ranges combining with praiseworthy collaboration. The trial was run as a battery firing with the overall command given to the TCO on the launcher area. The second TCO acted as safety coordinator controlling movement on the Range head and insuring the Range Air and sea space remained clear for the firings.
10.1. [bookmark: _Toc484521900]Flash Detector Improvements

The issues with the flash detector would need to be rectified before the next sortie. The solution would be to find a way of holding the output channel closed once the flash detector had activated. The most time and cost effective method would be to use a relay, this would be activated by the flash detector and hold the line high long enough to trigger the HTP PDT. 
There was not much time to conduct a full research review as the next mortar sortie had been scheduled for seven days after the first and could not be moved without financial consequences. 
The relay chosen for the task was an RS product 291-9704 (18) data sheet is in Annex D, the main reasons being it was held in the stores and work with 3.7 -10 Volt input. 
The circuitry would be fairly simple in design with the input connected to one side of the relay and the output connected to the other side. It was decided however to construct an interface box that could be used with multiple inputs in case more sensors needed to be added to the trial. Three of the outputs would be held normally closed meaning it takes an input signal to open the contact on the relay and three would be held normally open which takes an input signal to close the relay.

[image: ]
[bookmark: _Toc484517595]Figure 24 Relay Circuit
The image in figure 24 (18) is the internal circuitry of the relay, the input is connected to pin 2, the three  output will be connected to pins 1 and 8 to hold the channel normally closed, the other three outputs will be connected to pins 14 and 8 to hold the channel normally open. The images in figures 25 (20) and 26 (20)show the construction of the sensor interface box.
[image: ]
[bookmark: _Toc484517596]Figure 25 Sensor Box PCB
[image: ]
[bookmark: _Toc484517597]Figure 26 Sensor Box Inputs
[image: ]
[bookmark: _Toc484517598]Figure 27 Sensor Box Front Plate
The interface box was bench tested and he relays triggered as expected. It had taken only three days to design and construct. The image in figure 27 (20) show the sensor box fully labelled with the 2 different types of output. The interface was connected to the flash detector and a field test was conducted using the flash from a camera with the HTP’s connected to the MSU. The results where as expected the flash detector triggered the interface box which held the channel closed long enough to trigger a PDT for the HTP’s. 
10.2. [bookmark: _Toc484521901]81mm Firings Sortie 2

The Range convened a Trials Readiness Review (TRR) to allow every participant in the trial activity to highlight and concerns or to suggest where improvements could be made, the only issues raised was the flash detector problem which had now been rectified. 
The plan for sortie two was simple fire as many mortars as was possible in the 3 hour Range slot to gather as much information and data as possible. The sortie would continue with the serials in Table 1. Serial 1 had been completed in the first sortie the instrumentation preference was to fire 5 mortars for each of the remaining serials.  
[image: ]
[bookmark: _Toc484517599]Figure 28 Mortar Firing S2
The image in Figure 28 (21) shows the first mortar fired in sortie 2 of the campaign, the flash detector can be seen on the right of the barrel it is also sporting a front cover which stops ambient light from affecting the results. 
The sortie was completed with 30 mortars fired in total, the flash detector work throughout and gave the HTP’s the PDT they needed to gather data from launch to parachute splash.
The process of running the Trial as a firing battery work faultlessly, the safety TCO was able to advise the firing TCO on movements of the next mortar batch this is not normally done on the land Ranges. The Firing TCO normally has to stop the trial and request more munitions this is to limit the amount of explosive on a Range at any one time. Being able to control this speed up the firing process making it more efficient. 
 The data from the Radars and HTP’s was sent to the data analysis team to evaluate the accuracy of and performance of the systems. Data Centre is able to compare the data and display it the 3D models of in graphical representation.

[bookmark: _Toc484517600]Figure 29 Sortie 1 Run C

The image in Figure 29 (22) is a graphical illustration of the Radar and HTP data. The HTP data is in red, and as it can be seen on the graph the HTP does not achieve staple tracking of the mortar until the mortar was 2000 meters away from the launch point this data is from sortie 1 firing 3 Run C when the flash detector was not triggering the PDT. In contrast it can be seen that the MOTR Radar achieve stable tracking from launch all the way until the parachute splashed in the sea. 
This mean from a customer perspective they would only receive estimated data from the launch point to the 2000 meter mark. 



[bookmark: _Toc484517601]Figure 30 Sortie 2 Run B
The image in Figure 30 is a graphical representation of the data from Rum B in Sortie 2. The HTP is represented by the red data line which has dramatically improved from the data in Figure 29. This is attributed to the Flash detector triggering the PDT. The PDT can be used an automatic start for the HTP’s meaning the operator only need to look at the top of the mortar barrel and the system will auto start recording and slave to the direction of the mortar travel. The direction of mortar travel is already pre-determined in the serial table and in known as the LOA.










11. [bookmark: _Toc484521902]Findings 

The intention of this report was to look at the proposal of completing land based weapon activity at an air Range. The process for firing the mortars was already in place on Land Ranges and the major objective of the report was to see if that process could be transferable to an Air Range with the minimal disturbance to the trials project team and trials safety team. The result where every interesting the JSP’s guided me towards using the combination of documentation meaning that the roles and responsibilities for the relevant trials participants would change instead of the range standing orders for the conduct of trials. This saved a massive amount of time and resources by not having to go to the MOD for authority to change the Range standing orders. The trial was still required to undergo the Hazardous Activity Management process which meant identifying all hazard relating to firing the mortars then identifying all the risk associated with the hazard. The hazard where then lowered to ALARP and submitted along with the test plan to the HAM panel. They did identify some issues with the firings and put in a couple of mitigation. The first being only five mortars would be fired on the first sortie this would then allow the trials team to evaluated the outcomes without wasting mortars. The second was that noise meter reading would be taken at different locations along the Range and public boundary and the readings would be reported back to the TCO in real time so the firings could be halted if the noise breached the MOD regulations. Once the process as passed by the HAM panel the test plan written by myself assisted by Stuart Beynon (Pendine TCO) was sent out for approval by all the trial participants. 
It was suggested by me that the 81mm mortar firings would be conducted as a battery type firing with the responsibility for the firings given to the Firing TCO from Pendine and the safety parameters of the trial like safety trace clearance and air space clearance given to the TCO at Aberporth. The Aberporth TCO would also be responsible for coordinating all instrumentation on the Range and insuring that it was all serviceable. During the firings the Aberporth TCO would simple give the Pendine TCO a clear to Fire call and that executive command would stay active until order otherwise by the TCO. This new working process was accepted by all the Range Sections and the range safety team and work extremely well. 
The main objective of the firings was to prove that the tracking radars and HTP’s could be used as viable tracking solutions for trials delivery and the data produced by both section could become a valuable customer deliverable. The Radar section had no problems tracking the mortars even when the flash detector become unserviceable and proved to be a reliable accusation source for the HTP’s. The HPT’s found it nearly impossible to track the mortars without the intervention of the flash detector providing Records start predetermined Trajectory Point. This was a really big issue at the start of the campaign as the flash detector was not outputting enough of a load to trigger the relay on the Main Sequencer unit which outputs the pulse needed by the HTP’s. The solution had to be made within seven day as this was the time programmed between each sortie and moving this programed slot could have had large cost implications. It was decided the simplest and most cost effective way to achieve this was to use a relay and hold the channel closed for a long enough length of time that would trigger the relay on the MSU, because of the sort time scale it was decided to use a relay that was already in the stores as this would save time waiting for deliveries. The circuit would use the output from the flash detector which would trigger the relay, with the relay closed the line would hold a short and the output from the relay would be connected to the input of the MSU. The MSU would then short the output channel connected to the HTP’s, which triggers the PDT. The flash detector had not worked correctly during the first sortie and it was not fully understood that the fault was so it was decided that an interface box would be constructed using the relays so if needed different sensor could be used to compare outputs. The interface box would have three normally closed outputs and three normally open outputs. The flash detector uses a normally open output which is operated like a switch. If the flash detector activates it closes the contact on the relay once the input pules finishes the relay contact re-opens. To ensure the interface box and flash detector where working correctly they were tested using a controlled lighting flash from a high speed camera, The HTP’s were also included in the testing. The interface box and detector worked as expected triggering the PDT on the HTP’s. It was discovered however that the ambient light from the room was giving false reading, to solve this a hood was constructed out of cardboard, it was a crude solution but work really well.
The second sortie concluded with 30 mortars being fired with the flash detector triggering the HTP PDT on every run. The data form the radars and HTP’s was sent for analysis and reviled that both systems could be used for delivering data to the precise customer requirements.
This activity has also given the instrumentation, explosive and magazine sections the opportunity to train operators across different sites.
The other main objective was to prove that the firing of mortars would not breach the MOD noise standards for the ranges. This was done by the MET office conducting a pre-trial noise assessment based on the explosive properties of the mortars and the weather conditions namely the wind direction on the day of the firings. The points created by the MET office where then located on a map and real time noise monitoring was conducted on the day of the firings. It was found that the noise reading where between 20 and 40dB lower than what the MET had predicted and what the Mod had stated in the JSP 403 (11) for the mortar firings. The results were attributed to the geography of the land and the firing point being in a defilade. It proves the selection for the firing point at the start of the project was correct. 
	
11.1. [bookmark: _Toc484521903]Conclusion 

The project delivered everything it set out to achieve.
 Measured Objectives
· Prove that the Trial does not breach MOD noise regulations. 
· This was proven with 35 mortars fired and 35 noise readings being taken the noise limit was not breached in fact the closest noise reading was still 15dB under the limit.
· Prove Multi Object Tracking Radar (MOTR) ability to track Mortars from launch at ABE.
· The tracking Radar preformed impeccably, MOTR was able to track the mortars from launch through to parachute splash. The data produced was of such quality it would be deliverable to customers.
· Prove/disprove the tracking capability of HTP’s utilising their compact tracking radar (CTR)
· The HTP’s where able to track the mortars once they had been acquired but they found it difficult to acquire without the input of the flash detector, with practice the HTP operators believe they would be able to acquire using their own optics.
· Provide training opportunities across the Division for: Instrumentation Teams, Mortar firing team and Armoury/Explosive Team
· This campaign provided training for all the teams involved in the firings. It will give the company greater resilience in training facilities across the division
· Enable the Range to augment its service to encompass Battery firing operations in conjunction with conducting its day to day service.
· The firings have proven that the Range can operate multiple activities in different locations within the Range air space, with more firings comes more confidence that the mortars will operate in the Range danger area.   
· Relieve pressure on other Ranges that are struggling with their capacity to deliver the order book.
· The Range has now proven that the capability can be delivered at Aberporth. This will give the division the opportunity to spread the work load across the Range capabilities and ensure that customer orders are delivered.
11.2. [bookmark: _Toc484521904]Recommendations

The first improvement I would suggest to QinetiQ is to standardize the information in the current Trials and test plans. The roles are similar in both documents but the responsibilities are very different. The JSP’s do give guidance in this area but it’s very much up to the interpretation of the site writing the plans it’s also being done under the mentality of “that’s what we have always done” if there was one standard plan with standard roles and responsibilities it would enable any Trials activity to in theory be conducted on any Range with and Operators.
This was the first time i had taken a Trial to the HAM panel and found it as an extremely positive process. It draws in the expertise from across the business and using the experiences within the industry they were able to add a different perspective to the firings, suggesting different approaches to reduce the risk associated with the activity. I would recommend changing the non-trials Risk assessment policy to follow the HAM process. It may take more time and recourses but once the back bone of risk is captured it would only be new risk that would need to follow the process.
The instrumentation section would benefit from investment in the form of an acoustic trigger or small tracking radar system which gives a more accurate launch time than the flash detector. The flash detector did work as expected after the improvements were made to the circuity and lens cover but if the Range wanted to fire from a different battery position the sun may interfere more with the sensor than it did on this campaign. 
The positions of the HTP’s could be reconsidered, currently they are located around Cardigan bay with the furthest being in New Quay approximately 14Km from the Range head, this is an ideal location for Trials conducted in the middle of the bay but not for Range head launched munitions which at most travel 7Km. It would be beneficial for customer deliverables and training that two of even three HTP system where placed on the Range Head. I believe it would also give them greater capacity in using there on board radar as a tracking source.
 

12. [bookmark: _Toc484521905]Reflections

The process of how a trial is taken for a concept to actually delivering it on Range was all new to me. I was not aware the project planning team use the DAMIC six sigma process to coordinate all aspects of the activity and deliver it through its life cycle. The process is very robust but I found at times that there was double handed work happening as different staff where trying to achieve the same goals but where not communicating with each other. I think this is an issue across the whole company not just the trial delivery team. The Ham process at first seemed to be very daunting prospect in that you were taking an activity to be scrutinised by the most senior engineers across the business, however this turn out not to be the case, it was in my mind an extremely positive process with lots of improvement ideas being suggested for the mortar firings. The question off communications came up again when the two site Pendine and Aberporth started organizing the delivery of the Engineering hardware no one wanted to take the responsibility of having the Camera shelter and MORT mount delivered, in the end it took some organization form myself and calling the HTP section at Aberporth as they have HGV drivers and transport capable of carrying the loads. I think if there was a customer involved in the activity and not a QinetiQ driven activity the problem would not have arisen as there would be no issues with cost.
Overall this project has given me a tremendous amount of new knowledge and experience in trials development and delivery it has also developed good working relationships across the different sites and the division. If someone was to ask me to conduct a project like this again I would jump at the change, however I would not choose it to be a college project as I had a considerable amount of trouble on what information I could and could not put in the report. Also the Trials scheduling process on the Ranges is every fluid and can change on an hour by hour basses this made it very difficult to follow a Gantt chart and the project time line.











13. [bookmark: _Toc484521906] Abbreviations and Acronyms


MOD 		Ministry of Defense
JSP		Joint Service Publications
TSC 		Trials Safety Certificate
HARA		Hazardous Activity Risk Assessment
RSO		Range Standing Orders
MOTR		Multiple Optical Tracking Radar
HTP		Hybrid Tracking Platform
CTR		Compact Tracking Radar
TSM		Trials Safety Manager
ROC		Range Operations Controller
TCS		Trial Control System
CCP		Configuration Change Proposal
MSU		Main Sequencer Unit
DZT		Date Zero Time
PDT		Pre-Determined Trajectory
CMC		Configuration Management Control
IFSO		In-Flight Safety Officer
TCO 		Trials Conducting Officer
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Configuration Change Proposal
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Flash Detector Data Sheets
X v Y Plan Plot 
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Y Axis wrt Launcher (metres)
X v Y Plan Plot 
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