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APPLICABLE LASER OPERATIONS 

x Operation     x 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 
 

 
 
 
Wavelengths 

 
ANSI 
Class 

Maximum  
Power or 
Energy/Pulse 

 
 
Pulse Length 

 
 
Repetition 
Rate 

Nd:YAG 
 
 
 
Yb:glass 
 
Diode 

1064, 532, 266 nm 
 
 
 
1040-1060 nm 
 
976 nm 

4 
4 
4 
4 
4 
4 
4 

1064 nm 1W 
1064 nm 500 mJ 
532 nm 200 mJ 
266 nm 50 mJ 
250 mW 
150 μJ 
50W 

7 ps ML @ 81.6 MHz 
14 ps 
3-10 ps 
8 ps 
100 fs ML @ 81.6 MHz 
200 fs 
CW 

CW 
1.5-6 Hz 
1.5-6 Hz 
1.5-6 Hz 
CW 
1 kHz 
CW 

 
 Cryogen Use 

 
After certain maintenance periods, clean, high vacuum conditions must be restored in spatial filter and 
transport tubes in the laser system.  This is partly achieved with a cryosorption pump located in the front 
end vestibule.  The liquid nitrogen reservoir that maintains the temperature of the pump is filled by a hand 
carried dewar.  Total volume of the reservoir is less than 3 liters when full, and requires frequent manual 
refill.  All personnel using the cryosorption pump must complete the web-based BNL cryogenic safety 
awareness training course HP-OSH-025 at http://training.bnl.gov/cbt/cryogenics.  Protective gloves and 
face shield are available at ATF for use with the liquid nitrogen. 
 

 Chemicals & Compressed Gasses 
 
Compressed nitrogen gas is used to actuate shutters, purge optical assemblies, and periodically clean 
optics throughout ATF.  The gas is supplied from boil-off in a portable liquid nitrogen dewar near the front 
end laser area in the high-bay of building 820.  The gas pressure is regulated to 100 psi, and maximum 
flow is limited by the 0.25 inch distribution lines. 
 

 Ignition Hazards 
 
The diode laser operating at 976 nm is capable of producing up to 50W CW power.  Because the beam 
size will generally be well below 5 cm, the potential exists to substantially exceed the 2 W/cm2 threshold 
for igniting flammable materials.  In order to minimize the potential for ignition, the beam will be 

http://training.bnl.gov/cbt/cryogenics
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terminated in a suitable beam dump whenever feasible, non-flammable enclosures shall surround the 
beam path to stop stray beams, and flammable materials shall be kept out of the beam enclosure. 
  

 Electrical Hazards 
 
Several high voltage power supplies are used to provide transient pulses to Pockels Cells throughout the 
laser system.  Maximum voltages are less than 10 kV, and currents limited to 1 mA or less DC.  All power 
supplies and pulse generators are commercial devices and are enclosed and labeled by the 
manufacturers. Pockels Cell terminals are enclosed with tool-removable enclosures and labeled. 
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ENGINEERING CONTROLS 

 
 Beam Enclosures    Protective Housing Interlocks   Other  

 
 Beam Stop or Attenuator   Key Controls      

 
 Activation Warning System   Other Interlocks 

 
 Ventilation     Emission Delay     

 
Engineering Controls Description: 
 
Refer to ATF Laser Interlock System Operating Procedures PO-P-ATF-0025 for interlock description. 
Refer to ATF Laser Interlock System Search Procedures PO-P-ATF-0026 for search and secure 
description. 
Refer to ATF Laser Interlock System Test Procedures PO-P-ATF-0027 for interlock recertification 
process. 
 
Class IV light from this system is only accessible in controlled areas.  Rooms are secured before the light 
is accessible in the area (see above procedures).  Transport paths from laser sources to beam blocks or 
between rooms are inaccessible inside light-tight enclosures that require tool-aided removal and are 
administratively controlled.  Additional enclosures are used in controlled areas where beam placement 
may increase the likelihood of inadvertent exposure to authorized users, e.g. beam crosses eye-level. 
 
Different transport paths which share a common dichroic (two collinear beams of different wavelengths) 
segment are designed such that the failure of optical splitters/combiners by laser irradiation or other 
environmental mechanism would result in reduced transport efficiency and minimum cross-talk.  
Unintended delivery of one beam into the opposite transport past shall therefore not be possible above 
the MPE. 
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ADMINISTRATIVE CONTROLS 

 
 Laser Controlled Area  Signs  Labels  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. 
 
Administrative Controls Description: 
 
Procedural Considerations 
 

1. To reduce accidental reflections, removal of watches, rings, dangling badges, necklaces, 
reflective jewelry, and use of non-reflective tools should be considered. 

2. Access to the room/area is limited to authorized personnel only. 
3. Consider having someone present to help with the alignment. 
4. All equipment and materials needed should be present prior to beginning the alignment. 
5. All unnecessary equipment, tools, combustible material (if fire is a possibility) should be removed 

to minimize the possibility of stray reflections and non-beam accidents. 
6. Persons conducting the alignment have been authorized and hold documented training for the 

system in question. 
7. A NOTICE sign is posted at entrances when temporary laser control areas are setup or unusual 

conditions warrant additional hazard information be available to personnel wishing to enter the 
area. 

 
Alignment Methods to be used for this laser 
 

1. There shall be no intentional intrabeam viewing with the eye. 
2. Co-axial low power lasers should be used when practical for alignment of the primary beam. 
3. Reduce the beam power through the use of ND filters, beam splitters and dumps, or reducing 

power at the power supply. Avoid the use of high-power settings during alignment as much as is 
practical. 

4. Laser Protective Eyewear shall be worn at all times during the alignment, within the parameters 
and notes established on the accompanying laser table.  

5. Beam Control- the beam is enclosed as much as practical, the shutter is closed as much as 
practical during course adjustments, optics/optics mounts are secured to the table as much as 
practical, beam stops are secured to the table or optics mounts. 

6. Areas where the beam leaves the horizontal plane shall be labeled. 
7. Any stray or unused beams are terminated. 
8. Invisible beams are viewed with IR/UV cards, business cards or card stock, craft paper, viewers, 

3x5 cards, thermal fax paper, Polaroid film or similar technique. Operators should be made aware 
that specular reflections off some of these devices is possible, and that they may smoke or burn. 

9. Pulsed lasers are aligned by firing single pulses when practical. 
10. No intra-beam viewing is allowed unless specifically evaluated and approved by the LSO. 

Intrabeam viewing is to be avoided by using cameras or fluorescent devices. 
11. Normal laser hazard controls shall be restored when the alignment is completed. This includes 

enclosures, covers, beam blocks/barriers have been replaced, and affected interlocks checked 
for proper operation. 
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In addition, step-by-step technical details for carrying out common operations are enumerated in the 
following ancillary documents.  The official copies are available online: 
 
PO-P-ATF-0023 Nd:YAG Operating Procedures. 
PO-P-ATF-0022 Nd:YAG Maintenance Procedures. 
PO-P-ATF-0024 Nd:YAG Alignment Procedures. 
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CONFIGURATION CONTROL 

 
The ATF laser interlock system is designed and maintained only by qualified members of the CAD 
Interlock Group or designees.  Configuration control is governed by this group.  Bypassing, defeating, or 
otherwise modifying the functioning of the interlock system by any other personnel is prohibited.  
 
 

PERSONAL PROTECTIVE EQUIPMENT 

 
 

 Skin Protection    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. 
 
       
 
Documentation regarding optical density of available eyewear and manufacturer certification is kept in the 
ATF control room. 
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EYE WEAR REQUIREMENTS 
 

 
Laser System 

Hazard 

 
 

Wavelength 
(nm)   

 
Intra-beam 

OD 

Diffuse 
OD * 

NHZ** 
(m) 

Appropriate Eye Wear*** 
(OD) 

 

Nd:YAG 
fundamental 

1064 6 3 5.8 - 7 7 7 7 7 7 6 6 

Nd:YAG 
second 

harmonic 
532 6 3.6 8.3 - 7 7 - 7 - 7 6 - 

Nd:YAG 
fourth 

harmonic 
266 5.6 2 1.7 7 7 7 9 7 9 7 5 5 

Yb:glass 
fundamental 

1050 3.7 1.2 0.8 - 5 5 5 5 5 5 6 - 

Diode 
fundamental 

976 4.5 1 0.7 - 5 5 5 5 5 5 5 - 

* 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.   
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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. 
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