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Background
This document, once completed and approved, constitutes a laser risk assessment for the work to which it relates. A laser risk assessment should be completed for each laser application at the University (except for those applications excluded by the University’s Laser Safety Policy), before work first begins and when there are any significant changes to the work. 
This is to satisfy the requirements of legislation, in particular:
The Control of Artificial Optical Radiation at Work Regulations 2010 (AOR10); and 
The Management of Health and Safety at Work Regulations 1999 (MHSWR99)
and most importantly, to ensure that work with lasers is carried out safely.  Even though the University has formalised a process for carrying out laser risk assessments, the onus is still on the researcher to demonstrate they have identified all the hazards and assessed the risks for their experiments.  Laser risk assessments must be reviewed periodically or when an experiment significantly changes.

	Title of Activity
	Ruby Spectrometer - Realignment

	Scope of risk assessment 
	These rules cover the use of the portable ruby spectrometer laser usually located in the laboratories of the Superconductivity and Magnetism Group at the University of Warwick Department of Physics. This system of work covers periodic re-alignment, maintenance or adjustment operations to the beam within the enclosure.


	Description of activity
	40mW continuous wave 532nm (visible) diode laser, Class 3B.  Viewing diffuse reflections is normally safe provided the eye is no closer than 13 cm from the diffusing surface and the exposure duration is less than 10 seconds. Mounted in full enclosure, fibre optic cable coupled out of enclosure with greatly reduced power (measured as maximum 1 mW – cannot be increased by mechanical or electrical fault as this is the optimum). Enclosure bolted shut, requires tool to open and is interlocked – no access to beam. Overall system therefore has output power below the limit of laser Class 2.
This system of work covers potential rare maintenance or realignment procedures that require the enclosure to be opened and the interlock overridden. The system then remains a Class 3B laser hazard.

	Reference to safety documentation (e.g. safe working procedures)
	Accompanying document “ Laser - Safe system of work for Ruby Spectrometer – Realignment”
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Process for carrying out risk assessment and selection of appropriate control measures
A risk assessment is a systematic examination of what, in your work, could cause harm to people, so that you can weigh up whether you have taken enough precautions or need to do more to prevent harm.  When determining the control measures required to make the work safe, it is a legal requirement that the University follows the ‘hierarchy of control measures’, which places an emphasis on good equipment design and engineering controls before considering administrative controls (e.g. safe working procedures, training, warning signs) and personal protective equipment (laser protective eyewear). The flow chart below provides guidance on the process for carrying out risk assessment and the selection of appropriate control measures.

Need for a stronger justification increases
Risk of injury increases if you have less eng. controls


	Table 1	Description of laser application.  (To be completed by risk assessor)

	DETAIL
	INFORMATION

	Description of laser application covered by this risk assessment
	Laser system used to measure fluorescence of ruby chips in pressure cells for determining pressure values. Mounted in full enclosure, fibre optic cable coupled out of enclosure with greatly reduced power (measured as maximum 1 mW – cannot be increased by mechanical or electrical fault as this is the optimum). Enclosure bolted shut, requires tool to open and is interlocked – no access to beam. Overall system therefore has output power below the limit of laser Class 2.
This assessment covers procedures that require the enclosure to be opened and the interlock overridden. The system then remains a Class 3B laser hazard.
	Laser beam wavelength
	532 nm

	
	
	Type of laser
(e.g. e:Ne, CO2)
	Diode

	
	
	Output
(e.g. pulsed, continuous)
	Continuous

	
	
	Laser power or energy
	40 mW

	Part of ‘Life cycle’ covered (e.g. routine use, installation, maintenance)?
	Realignment procedure

	Persons who may be affected by the use of this equipment
	Trained and authorised users only – P Goddard and M Coak as of Sept 2021. No other personnel will be permitted in the locked room during this operation. 

	Could additional hazards arise during other parts of the life cycle?
	During other operations – routine use – the laser does not exceed the accessible emission for a Class 1 laser product as access to the beam cannot be gained.   Maintenance is covered by a separate dedicated risk assessment and safe system of work. No additional hazards.

	Is a risk assessment in place for other parts of the equipment life cycle?
	Yes




Laser compartment model
Laser applications will have hazards associated with the laser beam itself, as well as non-beam hazards (e.g. high voltages, laser fumes, high temperatures etc), which can often be more hazardous that the laser beam. This risk assessment must consider both the laser beam and the non-beam hazards. A systematic approach to identifying all the hazards is to use the laser compartment model, which splits a laser application into four compartments, as follows:




	Table 2	Laser compartment descriptions (to be completed by risk assessor)

	Describe the laser and identify the hazards.

	DESCRIPTION 
	HAZARDS
	

	40mW continuous wave 532nm (visible) diode laser, Class 3B
	High voltage	☐ Yes
	Noise	☐ Yes 

	
	Gas cylinders	☐ Yes 
	Trailing cables	☒ Yes 

	
	Toxic gases/chemicals	☐ Yes 
	Other hazards	☐ Yes (Describe below)

	
	Mechanical	☐ Yes 
	

	Describe the beam delivery and identify the hazards 
(e.g. open or partially open beam, fully enclosed and interlocked?)

	DESCRIPTION 
	HAZARDS
	

	
Mounted in full enclosure, fibre optic cable coupled out of enclosure with greatly reduced power (measured as maximum 1 mW – cannot be increased by mechanical or electrical fault as this is the optimum). Enclosure bolted shut, requires tool to open and is interlocked – no access to beam. Overall system therefore has output power below the limit of laser Class 2. This assessment covers re-alignment operations where the lid of the box is opened and the interlocks overridden.  However, in this case there is a partially open Class 3B beam within the enclosure. Beam is kept horizontal and system of work includes keeping reflective objects out of the beam. Enclosure walls stop beam at its height on all sides.
Within enclosure, beam directed onto a steerable mirror then coupled into one end of a bifurcated optical fibre by focussing optics. Beam travels down the fibre, out of the enclosure to externally attached pressure cell or cryostat, then back up the fibre and into the enclosure, where the third end of the fibre is mated into a spectrometer unit (Ocean Optics HR4000).

Where the beam emerges from the enclosure, its maximally achievable power is less than 1 mW at the fibre end. This drops to 0.1 mW at 10cm as the beam is strongly divergent. Electrical faults or misalignment cannot increase this – this is the highest output power possible.

	Open or partially open beam	☒ Yes
	Other hazards	☐ Yes (Describe below)

	
	Objects in beam	☒ Yes 
	

	
	Beam alignment carried out
	☒ Yes 
	

	
	Variable beam path	☒ Yes 
	

	What is the nominal ocular hazard distance (NOHD)?
	Not applicable for normal use

	Describe the laser process (e.g. what is the laser doing when it interacts with the target?)

	DESCRIPTION 
	HAZARDS
	

	The laser is coupled into a fiber optic cable for delivery to target outside the enclosure. Manual adjustment of alignment mirrors and focussing lens is required during this realignment procedure. 
When the fibre has been held into a pressure cell, the laser is switched on and a fluorescence spectrum collected (10 seconds). An XY mount allows the fibre to be translated with respect to the cell while collecting in order to optimise the signal while keeping the fibre securely clamped in place. The laser is then switched off and the cell removed. The fibre can also be mated to the upper flange of a cryostat in a similar manner and procedure.

	Laser fume	☐ Yes
	Other hazards	☐ Yes (Describe below)

	
	Scatter from target	☐ Yes 
	

	
	Heating of target	☐ Yes 
	

	
	Manual handling of target	☒ Yes 
	

	Describe the environment (e.g. wall and floor finishes, room access, windows, reflective objects, etc), and the people affected by laser use (including users, students, visitors, cleaners etc)

	DESCRIPTION 
	HAZARDS
	

	Laser contained in matte black enclosure free of loose reflective objects. Room is locked with authorised card access only, and sole window in the door has a blackout blind which will be closed during this procedure. During the procedure, additional people to those carrying out the realignment will be prevented from entering the room via signage. Walls are painted matte white and floor is matte-finish linoleum.
	Dedicated laser room	☐ Yes
	Unrestricted access	☐ Yes

	
	Windows in the laser room	☒ Yes 
	Out of hours access	☐ Yes

	
	Multiple doors	☐ Yes
	Other hazards	☐ Yes (Describe below)

	
	Reflective objects present	☐ Yes 
	





	Table 3	Laser Risk Assessment 	Where a hazard has been identified in table 2 above, it should be assessed in the appropriate section below. The hierarchy of control measures must be considered when determining how to mitigate against the hazard.

	HAZARDS
	PERSONS AT RISK
	EXISTING CONTROLS
	RISK WITH EXISTING CONTROLS (LOW, MEDIUM, HIGH)
	FURTHER CONTROLS REQUIRED
	PLANNED DATE FOR IMPLEMENTATION

	The laser

	Potential trip hazard
	All nearby personnel
	Do not have trailing cables
	Low
	-
	

	Electrical
	All
	Only personnel trained in mains electrical maintenance can dismantle laser or cabling,
	Low
	
	

	Beam delivery

	Risk of retinal damage
	Users – trained and designated personnel only
	Beam is kept horizontal by robustly mounted optical components. Enclosure terminates beam and prevents insertion of eye into beam area (lid on top of the box enclosure opens). Appropriate laser safety goggles provided, will be worn, for these procedures. 
Laser safety glasses are Thorlabs LG3 Laser Glasses, 180-532nm. OD of 7+, located with the equipment at all times. For operations requiring opening the enclosure, these glasses are worn by all in the (locked) room from before opening to after closing the enclosure.
Safe system of work additionally attached. Users trained to avoid placing reflective or loose objects in the beam.
	Low
	-
	

	Laser process

	Risk of retinal damage
	Users – trained and designated personnel only
	As above.
	Low
	-
	

	Environment and People

	Risk of retinal damage
	Potential people entering room and those making unauthorised access to the laser
	Operation only to be carried out in P127 or dedicated laser labs. Keycard entry prevents unauthorised access, and signage will be displayed on the door forbidding access during the operation.
	Low
	-
	





Justification of open beam work
Ideally, lasers of classification 3B and 4 should be fully enclosed with access panels interlocked to prevent access to the beam. Reliance should not be placed upon the wearing laser protective eyewear, unless absolutely unavoidable. If you are working with an open Class 3B or Class 4 laser beam, this will need to be justified and you need to show that you have considered the hierarchy of control measures. Table 4 below must be completed.
	Table 4

	Are you working with a Class 3B or 4 laser that is not fully enclosed with access panels interlocked? (If yes please complete the sections below)
	 ☒ Yes	☐ No

	Have you considered the hierarchy of control measures? (If no, you must consider the hierarchy (see page 2 of this document) before commencing with the laser work.)
	 ☒ Yes	☐ No

	You must provide a justification for not being able to fully enclose the beam and prevent access. This justification must show that you have considered the options and that it is not practicable to implement these controls for your laser application. Just stating that you have trained operators who are familiar with lasers as your only justification is not acceptable
	Justification: the system is interlocked and enclosed for normal operation, but may occasionally require realignment of the laser beam and optical components inside the enclosure, which requires access inside and overriding the interlocks.  This is done under controlled conditions detailed within the SSoP and requires the beam power to be reduced.  Alignment is only conducted by trained users.
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1.	Identify the hazards
2.	Decide who might be harmed 
and how
3.	Evaluate the risks and decide upon precautions.
4.	Record your significant findings.
5. Review your assessment and update if necessary.

Consider normal and accident situations

Consider non-beam hazards

Consider the equipment life-cycle
Eliminate or reduce risk by implementing control measures
Engineering controls
Examples – shielding, enclosures, interlocks, warning lights, emergency stop buttons etc
The safest option
Administrative controls
Examples – procedures, training, warning signs, designated areas etc.
Can fail as they rely upon people following the rules
Personal Protective Equipment
Examples – laser protective eyewear, skin protection
Last resort as they only protect the user

Risk of injury increases if you have less eng. controls
Need for a stronger justification increases
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The Laser
This is the box from which the beam is generated.  It may include high voltage equipment, trailing cables, chemical bottle, etc.
Beam Delivery
This is the path that the beam takes from the aperture to the target.  Consideration must be given to whether the beam is open, enclosed and any items, such as optics, that are in the beam path
Laser Process
This is the event of the laser beam reaching its intended target and the process that occurs at the target.  The process may produce fumes, heat and/or laser reflections off the targets etc
Environment and People
This is the physical space in which the laser application is used and the people who can be affected by its use.  Consider the hazards that exist resulting from everything and everyone in the laser environment
Identify all hazards
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