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BROOKHAVEN NATIONAL LABORATORY

LASER CONTROLLED AREA

STANDARD OPERATING PROCEDURE (SOP)

This document defines the safety management program for the laser system listed below.  All American National Standard Institute (ANSI) Hazard Class 3b and 4 laser systems must be documented, reviewed, and approved through use of this form.  Each system must be reviewed annually.

	System description:      

	Location:      


LINE MANAGEMENT RESPONSIBILITIES
The Owner/Operator for this laser is listed below.  The Owner/Operator is the Line Manager of the system and must ensure that work with this laser conforms to the guidance outlined in this form.  

	Owner/Operator: 

	Name:
	     
	Signature:
	Date:
	     


AUTHORIZATION

Work with all ANSI Class 3b and 4 laser systems must be planned and documented with this form.  Laser system operators must understand and conform to the guidelines contained in this document.  This form must be completed, reviewed, and approved before laser operations begin.  The following signatures are required.

	     
	
	     

	BNL LSO printed name
	Signature
	Date

	     
	
	     

	Department ES&H Approval printed name
	Signature
	Date


	APPLICABLE LASER OPERATIONS

	 Operation      Maintenance      Service     Specific Operation     Fiber Optics

	


LASER SYSTEM HAZARD ANALYSIS

Hazard analysis requires information about the laser system characteristics and the configuration of the beam distribution system. The analysis includes both laser (light) and non-laser hazards.   A Nominal Hazard Zone (NHZ) analysis must be completed to aid in the identification of appropriate controls. 

	Laser System Characteristics


	Laser Type

(Argon, CO2, etc.)
	Wavelengths
	ANSI

Class
	Maximum 

Power or Energy/Pulse
	Pulse Length
	Repetition Rate

	     
	     
	     
	     
	     
	     


 FORMCHECKBOX 
 Cryogen Use   Describe type, quantity, and use.      
 FORMCHECKBOX 
 Chemicals & Compressed Gasses Describe type, quantity, and use.      
 FORMCHECKBOX 
 Electrical Hazards    Description (Describe the power supply to the system).       
 FORMCHECKBOX 
 Other Special Equipment    Description (Equipment used with the laser[s]).      
Laser System Configuration:  Describe the system controls (keys, switch panels, computer controls), beam path, and optics (provide a functional/block diagram for complicated beam paths).



DEVELOP CONTROLS

IDENTIFY ES&H STANDARDS

Recognition, evaluation, and control of laser hazards are governed by the following documents.

American National Standards Institute (ANSI) Standard for Safe Use of Lasers;
(ANSI Z136.1-2000)

Laser Safety Subject Area 
Brookhaven National Laboratory Environment Safety and Health Standard: 1.5.3 INTERLOCK SAFETY FOR PROTECTION OF PERSONNEL
	ENGINEERING CONTROLS


 FORMCHECKBOX 
 Beam Enclosures


 FORMCHECKBOX 
 Protective Housing Interlocks

 FORMCHECKBOX 
 Other


 FORMCHECKBOX 
 Beam Stop or Attenuator

 FORMCHECKBOX 
 Key Controls






 FORMCHECKBOX 
 Activation Warning System

 FORMCHECKBOX 
 Other Interlocks

 FORMCHECKBOX 
 Ventilation



 FORMCHECKBOX 
 Emission Delay





Describe each of the controls in the space provided below this text.  Interlocks and alarm systems must have a design review and must be operationally tested every six months.  Controls incorporated by the laser manufacturer may be referenced in the manuals for these devices.  If any of the controls utilized in this installation requires a design review, a copy of the design review documentation and written testing protocol must be on file.  Completed interlock testing checklists should be retained to document the testing history.

Engineering Controls Description:

     
	
ADMINISTRATIVE CONTROLS


 FORMCHECKBOX 
 Laser Controlled Area
 FORMCHECKBOX 
 Signs
 FORMCHECKBOX 
 Labels
 FORMCHECKBOX 
 Operating Limits

The format and wording of laser signs and labels are mandated by BNL and ANSI standards.  Only the standard signs are acceptable.  Standard signs are available from the BNL Laser Safety Officer. 

All lasers must have a standard label indicating the system’s wavelength, power, and ANSI hazard class.  Required labels must remain legible and attached.  The manufacturer should label commercial systems.

Standard Operating Procedures (SOPs) are required for laser system operation, maintenance (including alignment), and servicing.  The SOPs need only contain the information necessary to perform these tasks and identify appropriate control measures including postings and personal protective equipment.  The BNL Laser Safety Officer must approve SOPs and copies should be available at the laser installation for reference and field verification of stated control measures.

Administrative Controls Description:

     
	CONFIGURATION CONTROL


A checklist must be developed for the purpose of verifying the placement and/or status of components that are used to mitigate hazards by configuration control.  Examples include any protective housing, beam stops, beam enclosures, and any critical optics (mirrors or lenses that could misdirect the beam and result in personnel hazard).  Entries should also be included to ensure placement of required signs and labels and status of interlock verification. Completed checklists must be posted at the laser location.  The checklist does not have to be redone unless there has been a system modification, extended shutdown, or change of operations.

	
PERSONAL PROTECTIVE EQUIPMENT


 FORMCHECKBOX 
 Skin Protection 

 FORMCHECKBOX 
 Eye Wear



Skin Protection: For UV lasers or lasers that may generate incidental UV in excess of maximum permissible exposure (MPE) describe the nature of the hazard and the steps that will be taken to protect against the hazard. 

Eye Wear: All laser protective eyewear must be clearly labeled with the optical density and wavelength for which protection is afforded.  Eyewear should be stored in a designated sanitary location.  Color -coding or other distinctive identification of laser protective eyewear is recommended in multi laser environments.  Eyewear must be routinely checked for cleanliness and lens surface damage. 

1. For invisible beams, eye protection against the full beam must be worn at all times unless the beam is fully enclosed.

2. For visible beams, eye protection against the full beam must be worn at all times during gross beam alignment.

3. Where hazardous diffuse reflections are possible, eye protection with an adequate Optical Density for diffuse reflections must be worn within the nominal hazard zone at all times. 

4. If you need to operate the laser without wearing eye protection against all wavelengths present, explain the precautions that will be taken to prevent eye injury.

      

Define eyewear optical density requirements by calculation or manufacturer reference and list other factors considered for eyewear selection.  The BNL Laser Safety Officer will assist with any required calculations.


	Eye Wear REQUIREMENTs



	Laser System Hazard
	Wavelength (nm)
	Calculated Intra-beam

Optical Density
	Diffuse

Optical

Density *
	NHZ**

(meters)
	Appropriate Eye Wear*** 

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


*Diffuse ODs are calculated assuming a 600 second exposure, a viewing distance of 20 cm, perfect reflectivity, and viewing normal to the surface.  The ODs required can decrease for more typical conditions in the laboratory. 

**The Nominal Hazard Zone is that zone or distance inside which exists a hazard to the eye from a diffuse reflection (as well as direct or specularly reflected light) for the time specified, in this case, 600 seconds (10 minutes).  

***Specified eyewear may not be the only possible option, but represents an approved choice; depending on other laser hazards present in the lab, other eyewear may be acceptable provided the optical densities are equivalent or greater than those required.  

	EYE WEAR SPECIFICATIONS

	Laser System Eyewear Identification
	Wavelengths
	Optical Density

	     
	     
	     
     

	     
	     
	     
     

	     
	     
	     
     


TRAINING

	LASER SAFETY TRAINING


Laser Operators must complete sufficient training to assure that they can identify and control the risks presented by the laser systems they use.  Owners/Operators and Qualified Laser Operators must complete the awareness level BNL World Wide Web based training course (TQ-LASER) every two years.

Qualified Laser Operators must also complete system-specific orientation with the system owner/operator.  System-specific training must be documented with a checklist that includes

· Trainee name and signature

· Owner/Operator signature

· Date

· Brief list of topics covered e.g.

· Review of SOPs;

· Review of working procedures, and other program specific documentation.

All laser safety training must be repeated every two years.
Applicable Laser Operations:


Can be used as a checkbox to show what kinds of operations this particular SOP describes.  ANSI defines three, Operations, Maintenance (in which alignment is included) and Service, which is most often major repairs or installations often by the vendor.  At BNL, other types of operation might be envisioned hence the ‘ Specific Operation’ check box.  In some cases sub- groups of uses or users may be applicable for a large facility laser.  The purpose of the Fiber Optics checkbox is meant as a flag to cover operations that occur in several locations at BNL where the light from a laser is conveyed some considerable distance from the laser and its controls.  For these unusual circumstances check the box and enter the operation name or characteristics in the line below the boxes.





Laser System Hazard Analysis:  The heart of the SOP.  It lays out both the laser and non-laser hazards that one expects to encounter in the installation.    It is important to enumerate all potentially hazardous coherent sources (including e.g., frequency mixing or parametric sources) and their parameters so that a full hazard analysis can be completed and the Nominal Hazard Zone, protective equipment needs, and required controls can be determined.  The ANSI Standard has detailed procedures for determining laser class and NHZ, so these are best determined with the help of the LSO when there is any ambiguity.  





Text.





About this Form:


The template was created to help in the development of a Laser Controlled Area Standard Operating Procedure (LCA-SOP or SOP).  As explained elsewhere, at BNL the SOP is treated as a safety envelope and information document.  The template is a form that provides ‘blanks’ for the information most typically required in creating an SOP document.





Using the Form:


The explanatory text in each field can either be left on the completed form or removed.  It is really meant to be a narrative to help explain what kind of information is required.  This annotated form is meant to provide elaboration beyond what is included in the word template. 





System Description and Location:  Couples the SOP to a particular installation.





Line Management Responsibilities:  Assigns responsibility for the system to a single accountable person.  The owner/operator helps to develop the SOP, and has responsibility for assuring that the conditions it describes are met when the laser installation is in operation in any of the described modes.





Authorization:  Demonstrates that the Laser Safety Officer (LSO) and cognizant Department/Division ESH officer has reviewed the LCA-SOP.





Laser System Hazard Analysis cont’d


Examples of typical non-beam hazards are given by the checkboxes.  The laser system configuration helps both in identifying the hazards and later in the use of the SOP as an aid for field verification of the laser configuration it describes.





Develop Controls: Having identified the hazards and the NHZ in the previous section, we now turn to dealing with the hazards through the application of appropriate controls.  A brief list of ES&H standards that most often apply to laser installations is given at left. 





To the extent possible Engineered controls are usually favored over administrative controls.  A checkbox list to outline the engineered controls that apply is provided followed by space for information describing the control measures.  Again the objective is the identification of the controls that are employed so they can be verified at the laser installation.  Interlocks are often employed as a control measure.  As noted at left, ESH Standard 1.5.3 Interlock Safety for Protection of Personnel provides guidance on the requirements for design and testing of interlock systems.





The description provided should be sufficiently complete that a knowledgeable person can readily identify the control measures. 





Personal Protective Equipment:





This section identifies the equipment that is used to protect against inadvertent exposure when neither engineered nor administrative controls are deemed to be fully adequate protection.  Usually this amounts to judicious selection of eyewear.  One must be careful to identify the hazards, and select eyewear that provides adequate protection but does not unduly interfere with the planned work.  Really dark shades with more than adequate OD that spend all their time on the table (instead of on your nose) because they are too dark to see through, are of absolutely no value.   The annotation in the form provides further information regarding the proper use of laser eyewear.  





If you need to operate the laser without wearing eye protection you must describe the precautions that will be implemented to prevent eye injury.














Personal Protective Equipment cont’d 





To aid in the selection of eyewear, the SOP template provides a table to help identify the requirements for the eyewear, and a second table to list the specifications of eyewear actually selected for use. 








Training:


This section outlines the training that all users (including owner/operators) must complete prior to operation of the laser systems identified in the SOP.   





Documentation of qualified operators and their training status is no longer a part of the SOP.  However, an up to date list of operators and the training they have received must be on file, and should be available at the laser installation.    If an applicable SOP or other required training document is revised, the user training list becomes the resource for assuring that all qualified users are notified of the changes.  It is also the vehicle for recording that they have received any updated training that is required. 





Note that all laser safety training must be repeated every two years (at minimum).








(Controls cont’d)











Administrative controls are usually used to provide identification of hazards, hazard boundaries, and operating limits.  The LSO will assist in the identification of proper wording and content for signs that must be posted for laser controlled areas.





The Configuration Control section provides information that can be field verified.  Importantly it identifies critical systems (optics and enclosures for example) that can readily contribute to a hazardous condition if they are improperly configured.   





























Many of the accidents resulting in eye exposure occur during alignment activities.  This type of work often requires a non-standard configuration of a relatively small number of components.  It is important to identify these components and make sure that the hazards are well understood and appreciated by the system users.  





 





!








�PAGE \# "'Page: '#'�'"  �� the NHZ isn’t determined until later on in the document, so I cut some of what you wrote and added a bit in the sidebar.  The comment is here cuz you can’t put comments in sidebar





2.1/2g03e021.doc
1
(11/2004)
2.1/2g03e021.doc
7
(11/2004)

