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TASK
1. Introduction
	The following document aims to provide potential real-world solutions to a fictional task that has been set and subsequently highlights issues with conducting a trial on range involving the use of a LASER. Assuming the role of Test Coordinator, a strategy will be developed for a fictional trial for which QinetiQ has been chosen to test the new “Guillaume Tell” target designation system for semi-active missiles. The system uses an infrared Class 4 laser target designator working at a power rating of 25W continuous equivalent, pulsed at 1µs duration, 10 pulses per second. Duties will include explaining to the Test Range Manager the specific requirements for working with this particular equipment and key features for a precautionary approach to the test site and its facilities. It is assumed that the laser designator is being tested inland at around (1-3m above) ground level at a stationary target and is similar to the existing hand-held Type 163 Laser Target Designator (e.g. for laser guided AGM-114 Hellfire missiles) [1].

2. Scope

	Carefully selected existing research literature and advise from experienced experts, including QinetiQ Trial Managers, will form the basis for the report and prove my knowledge and understanding of the subject. Analysing safe working requirements will emphasise key aspects of operating a test environment for high powered laser trials and will provide potential solutions for test location, facilities and restrictions. 
	
Other topics covered include: 

· Typical parameters investigated during the testing of a laser target designator and how these tests might be approached.
· Problems of power supplies when working with pulsed devices.
· Health and safety implications of working with Class 4 lasers and appropriate recommendations for ensuring a safe test environment.









13 | Page 


FOA TEST RANGE MANAGER
STRATEGY PAPER FOR CLASS 4 LASER TRIAL
Compiled by Ralph Whittaker 
(LASER Test Coordinator)
	The following document is based on information taken from the latest edition JSP 390 and advice from the MLST (Military Laser Safety Team). The document: JSP 390 UK MOD Military Laser Safety, Volume 2 – Laser Safety Management System should be adhered to at ALL times for good working practice when carrying out trials involving the use of lasers.WARNING: CLASS 4 LASERS ARE HIGH POWERED AND POSE A HIGH RISK TO EYES AND SKIN.  DIFFUSE REFLECTIONS CAN ALSO BE HAZARDOUS. CLASS 4 LASERS ARE A FIRE HAZARD [2]. DO NOT REMOVE LASER FROM PROTECTIVE HOUSING UNTIL USE. 


Brief Background to lasers and laser safety
	The word “laser” is an acronym which stands for Light Amplification by Stimulated Emission of Radiation [2]. The power and range of the laser are the main values of concern and the level of operation that the laser is to be used (either Low or High-powered state) must be identified. Lasers tests are usually carried out in low power mode first for alignment and to eliminate any preventative issues before going live with a high-power level of the equipment.
Lasers produce intense beams of monochromatic, coherent, and highly collimated light which has different characteristics to naturally occurring optical radiation. Light energy is amplified to extremely high intensity by a process called stimulated emission. The energy generated by the laser is usually in or near the optical portion of the electromagnetic spectrum [3].
	The output from a laser may not necessarily be visible to the human eye but may still represent a hazard. There are two hazard categories: Direct Hazards (from the beam) which include biological hazards, fire, thermal damage etc. and Indirect Hazards (from the use of the system) which includes high voltage electricity and chemical substances (Non-beam hazards) [4]. 
	Laser weapons systems consists of ground and airborne designators used with surface or air delivered guided munitions. Systems also include laser range finders, directed-energy weapons (LaWS), spot trackers or seekers, laser guided weapons (missiles), and delivery platforms [5]. A laser is classified class 4 for power ratings 500mW+.
Note: This Infrared CLASS 4 laser is invisible to the eye and can cause serious eye injury or blindness (with or without optical aids) and skin damage (direct Beam and diffuse Hazards). The equipment can be hazardous to the eye over a large distance, known as the Nominal Ocular Hazard Distance (NOHD) (can be over 100km). Additionally, there is an Extended Nominal Ocular Hazard Distance (ENOHD) (can be over 600km) for aided viewing. These figures take into account atmospheric effects and depend on the power rating. FAMILIARISE YOURSELF WITH THE BACKGROUND HISTORY OF THE LASER AND PREVIOUS ACTIVITIES BEFORE TRIAL COMMENCES.                                                   SEE APPENDIX FOR POWER OF LASER DESIGNATOR CALCULATION.


Infrared Class 4 Laser Target Designator	Comment by John Rees: Very nice description of how laser target designators operate.
	 For this trial, an infrared (invisible to the naked eye) 25W Laser Designator is being tested for a semi-active missile system / Laser Guided Weapon (LGW) to track. This uses an infrared light source to designate (mark) a target, providing guidance, for the LGW to hone in on the reflected laser energy during the terminal portion of the attack. LGW’s form part of the Precision Guided Munition (PGM) family.
	Once a target is marked by the designator with a series of coded pulses of invisible laser light, known as the Pulse Repetition Frequency (PRF) code, the signals reflect off the target and are detected by a seeker, mounted onto an in-flight missile. The missile then steers itself towards the infrared signal, using on-board motor controlled fins, to aim for and destroy the target. It is important that a laser spot tracker (LST) or LGW can work collaboratively with the designator and so must be programmed with the same code for successful compatibility. 
Operational use:
· Direction / angle of attack must be set and agreed for LST or LGW to be able retrieve the designators reflected energy off the target. 
· Designator must be lasing the target at specified time and for correct duration. 
· Firing system must release munition within specified munition delivery envelope. 
· For a designator to successfully transmit a beam to the target, a clear line of sight must exist between designator and the target, as well as between the target and the tracker or LWG [5] for successful sighting and payload delivery.

Main hazards:	Comment by John Rees: Again, a good, tight summary of the hazards,

· Retinal eye damage from either directly / partially looking into beam or from beam reflection and living tissue damage from beam targeting skin. 
· This particular designator emits far more energy compared to typical designators and can burn skin / sensitive materials (paper), especially dark / lightweight materials at close range [6]. In comparison, the current Type 163 laser target designator and range finder has an output energy of >70mJ and an integrated rechargeable battery pack. [1] 
· Power rating of the laser involved in this trial is 25W continuous equivalent, hence a larger power supply will be necessary.    
	
Preliminary Actions

	Before trial activity begins, ensure that planning, preparation and conduct is safe. Authorisation must be given by Head of Site to confirm statements of Trial Manager competence. Once all competencies required to perform the tasks within the activity have been defined, all staff involved with the activity are to be certified competent to the required standard before any activity is undertaken.
	
	Trial documentation (Trial Plan and Hazard Analysis Risk Assessment, HARA) is to be peer reviewed (using a Risk Estimation Matrix as per JSP 390), including technical assurance of the preliminary Risk Assessment by the Trials Safety Manager, Regional Explosives Safety Manager, Operations Manager and COMAH (Control of Major Accident Hazards) Manager. 	Comment by John Rees: The process of review is clearly important and adds an important level of checking to the trial design

	The QinetiQ documentation ‘Laser Safety Considerations for the operation of Lasers’ needs to be read, understood and adhered to. 
	A Military Laser Safety Clearance Certificate needs to be attained, issued and retained, from the MoD’s Military Laser Safety Committee (MLSC) of whom asses the equipment on behalf of the armed forces, in accordance with JSP 390. This certificate defines minimum safety criteria for operating lasers on MoD sites and provides a summary of key hazard information, confirming that the equipment can be used safely in accordance with the user’s handbook and local standard operating procedures. It also contains technical data regarding the laser, including the wavelength, output type (CW) power rating (Watts), whether pulsed energy is used (Joules), pulse duration (seconds), PRF (Hz), classification, NOHD, ENOHD and Nominal Skin Hazard Distance (NSHD). The beam shape (usually circular), Divergence (1/e in mrads), beam diameter at aperture (mm), profile (e.g. Gaussian) and Duty Cycle [7].
Range Safety
Six important things to remember regarding Range Safety;
1. Know the NOHD and ENOHD. The NOHD specifies the distance from the laser source at which the intensity of a single laser beam becomes safe and no longer exceeds the Maximum Permissible Exposure (MPE), the boundary between safe and potentially harmful level of exposure. It is vital to assess the maximum level of exposure that could potentially arise under all foreseeable conditions or circumstances [5] and relate this to the MPE and hazard area. NOHD depends on output power of the laser and beam specifications (diameter at aperture and divergence) [8]. The ENOHD is the distance beyond which magnifying instruments (e.g. Binoculars etc.) can safely be used.

2. Close all access points across the Laser beam.

3. Provide mitigation (Pendine walls or plywood screens) to ensure the beam cannot be pointed outside the danger area corridor.

4. Laser Safety Officer (LSO) to hold the Laser firing key and have a physical means of preventing the Laser being operated until he / she is satisfied that personnel are out of the danger area.

5. Provide a thermally tolerant back stop behind target (e.g. sea wall)

6. Laser safety goggles to be worn by personnel working on / near the laser, when it is being operated (always last resort), or at the target. 

Location
	The location for the trial should be chosen to suite the activity and have supportive infrastructure in place. This includes trial expertise, established security controls, safety procedures in place, good clear telephone and radio communications, training facilities and available fire service (notified of trial in advance). Clarification needs to be made that it is possible to easily fit the laser system’s hazard area (safety trace) template onto the operating range area.	Comment by John Rees: Elements of good practice.
	Many previous laser trials have taken place outside in the open where a flat and long enough range is available and a suitable back stop exists or can be easily made. It is important that the laser is not reflected into the atmosphere / ionosphere and so the target needs to be constructed so that it is made of a material or structure (concave) that prevents reflections from dispersing. If the trial is using a device / material to capture / detect the laser focal point (spot) then the target needs to be pin point aligned and laser tolerant (i.e. non-flammable). If a tracker is being used to spot the laser dot, then this needs to be aligned to detect the infrared marker. Alternatively, and ideally the trial should be conducted inside a long enough building or a well ventilated underground tunnel where atmospheric conditions and surrounding materials can more easily be controlled and monitored. An extractor could be used to provide target airflow and remove any fumes. Solid matt black walls could be used to prevent reflections and lower the reflective hazards. 	Comment by John Rees: The recommendations are sensible and appropriate.
	A potential location for this trial would be that of Churchend Battery, Foulness, of the QinetiQ Shoeburyness range where a long flat, open and clear fairway is available. This site can easily form a suitable firing range with the facilities to close off nearby danger zones without too much concern of trespassers. The sea wall at the end of the range provides a suitable backstop and with the sea stretching far behind. The main issue of concern is keeping range clearance over a long enough period so that testing can be carried out when no ships / boats are passing in the distance. Care would have to be taken not to aim the laser out to sea, where the water could play a devastating part in reflection / refraction. 
Target type and material must be agreed safe and fit for purpose. For this trial, a static target with sufficiently controlled reflective material will be required.
Set up
	Initial set up should ensure successful arrangement of customer and QinetiQ equipment. Check the correct alignment of the laser to target and distance (usually between 100m and 2500m). Engineering Control measures such as baffles or mitigation boards set up around the laser designator itself, can provide a high degree of confidence that the beam can only go where it is pointed, preventing the laser wandering outside the designated corridor down the range, due to electrical or mechanical failure. 
· All personnel on site must be deemed competent and sign the HARA to confirm they have read and understood the risks and hazards involved in the trial.
· All personnel must attend the Trial Plan (TP) Safety Briefing and sign the Trial Instruction (TI) to confirm understanding all activities taking place. 
· Working environment must remain tidy, adhering to QinetiQ working practices, preventing slips, trips and falls. 
· All activities must comply with guidance from the Health and Safety Executive (HSE) -Control of Artificial Optical Radiation at Work Regulation (AOR 2010) [9].
· Correct Personal Protective Equipment (PPE) must be worn (clothing, goggles, face shields).
· Ensure relevant safety signs are used (Class 4 laser Hazards)
· Designators line of sight must be completely clear, free from obstacles / vegetation. 
· No reflective or flammable material / equipment nearby at either end of range, neither at designator / target end or within the beams or reflective beam paths.
· Stop gate personnel in position with barriers down at manned entrances, with access to 2 methods of communication (hand held radios / backup mobile), one tuned to Range Control / one tuned to the Range site channel. 
· A list of all onsite personnel must be held outside of the danger area at manned stopped gate entrance, for registry of personnel entering / leaving battery.
· Unmanned stop gates and mobile barriers in position to close site according to danger area map.  
· Range Forman must physically look / check area, ensuring closure to the correct map area, a “closed and clear” message radioed to Trials Manager and Range Control. 
· ALL personnel within danger area ordered UNDER COVER.
· A final visual check (on CCTV), ensuring no personnel are present in the area, near the firing point or at target.
· Check all stop gate personnel are in position to stop any unauthorised access and looking out for any trespassers.
· 3 blasts of the Klaxon sounded for final under cover warning and live firing warning lights illuminated. 
· Permission asked and granted from Range Control (RC) to open fire on the Trial with both firing point and target point coordinates confirmed.
· Confirm Range clearance from RC and RADAR, ensuring nobody is passing behind or in the area and currently no range block (low flying aircraft / boats passing).
· RC notified / open to audio of firing process via radio communications at moment of firing (for confirmation and radio recording purposes). If RC calls ‘Check Fire,’ the system is to be shut down (due to range block / emergency issue).
· CCTV safety cameras and high speed photographic cameras are used to record all trial activities.
· Laser is to be fired for specified exposure time.
· Once firing is complete, RC must be notified the time of ceasefire. 
· If laser has technical issues / malfunctions, safety wait of 30 mins is observed.
· A single blast of the Klaxon to be sounded, live firing warning lights switched off and personnel allowed onto site (break cover).	Comment by John Rees: Detailed, practical.
Once demonstration is complete, the equipment is to be broken down and the site cleared. 
Administrate Control Measures:
The laser must only be operated according to the user manual and issued trial Laser Safety Paper (LSP). 
On day of firing, check with the Laser Safety Manager that weather conditions and atmospherics are suitable for the equipment’s working conditions. Rain, snow, cloud or smoke can affect the reliability of target designation.
The physical firing of the laser should not involve direct human intervention but be remotely controlled from a safe distance undercover by means of an interlock key. 
Tests to be carried out
Typical parameters that might be investigated during testing of a laser target designator include: 
· Multi-phased ‘proof of principle’ risk mitigation projects that demonstrate phase control, laser amplifiers and beam control, range and focus, possibly to underpin Trial Development Plans (TDPs) and development decisions for future High Energy Laser Directed Energy Weapon (HEL DEW) systems. 
· Scintillation data collection (firing at luminescent materials).
· Passive and active tracking using a fine track system with either a beacon or an illuminating source.
· Phase locking at source or at target (Target in the loop tracking).
· Laser target interactions and effects (absorbing aerospace materials, optics, metallic plates, dummy target shapes) over a variety of distances.
· Effects of atmospheric disturbances (weather / humidity / wet / dry).
· Performance of Laser Spot Tracking devices (LSTs) or LGW components.
Potential Test Day issues / considerations
· A problem that arises when working with very high powered pulsed lasers is that they demand dangerously large power supplies, sometimes in the range of 2kV. This can be difficult to achieve safely and requires awareness and access control to be set up to prevent damage to equipment and injury to personnel from component overheating and electrocution. Cooling equipment is necessary to keep high temperatures to a minimum and prevent devices from becoming damaged.
· Long periods of equipment failure, plentiful supply of nearby amenities should be available, including wash area / toilets, eating and drinking facilities. 
· A shutdown procedure is a vital safety requirement. The system needs to be controlled in a safe manner while being operated on range and a physical and procedural control system (independent fail-safe interlock mechanism) needs to be in place for the laser to be safely shut down under normal circumstances and at immediate notice in the event of an emergency via an emergency stop switch (override) held by the LSO.
· Care must be taken to keep designator focussed on the target, ensuring LST (if used) has acquired and locked onto target reflected laser energy and not locked onto the laser signature caused by atmospheric attenuation around the laser designator device.
· Bad weather and darkness can reduce the effectiveness of LST to acquire radiation (line of sight can be reduced). 
· Extreme temperatures and pulsation can affect the already short battery life (usually around 15mins continuous use). 
· Consider minimum and maximum ranges of designators, minimum visibility and required designation times, and maximum angle of acquisition (e.g. 60֯).	Comment by John Rees: Again, good consideration of the realities of power supplies in this context.

Visible warning lights and sounding alarms must be placed onsite in range of all personnel, in the operating room and near the laser itself to signify when the laser is active. 

More information regarding laser safety and laser training can be found in the Laser Safety Instructions, located on the QinetiQ Operating Framework.

For more specific details and advice on the safe use, storage, testing or maintenance of lasers, contact the Laser Systems Safety Advisor (LSSA) at the Defence Ordnance Safety Group (DOSG).


REFERENCES	Comment by John Rees: A decent set of relevant references, properly used in the text.
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APPENDIX
OUPUT POWER OF THE LASER DESIGNATOR:
Laser on for 10 pulses each for 1 x10-6 seconds
25W continuous equivalent = 25Js-1
25Js-1 over 10 pulses per second =  = = 2.5J per pulse


						= 250 000W
Average Power of laser = 0.25 Mega Watts (MW) therefore CLASS 4 (above 500mW)
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(i)	The typical parameters expected to be tested for a laser target designator and how these tests might be approached;
A really good practical appreciation of the test process and the underlying requirements introduced as a result of safety good practices.
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(ii)	The requirements of the test site resulting from (i);
Again, the level of detail is excellent.  The reality of high power testing, and the recommended needs of a suitable location are brought out through the report.
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(iii)	The problems of power supplies working with pulsed devices;
A shorter section, but sufficient depth in terms of analysis and appreciation of systems aspects (such as shut down procedures).
17/25

(iv)	The health and safety implications of working with a class 4 laser, and appropriate recommendations for ensuring the safety of the test environment.
The report is permeated with the need for safety, the requirements imposed by safe working, and the various aspects that make up a safe test environment.
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