
 

 

 

 

 

 

 

 

   

ANSI Z136.6 – 2015 

 

American National Standard 

for Safe Use of Lasers Outdoors 



 

 

ANSI 

Z136.6 – 2015 

Revision of  

ANSI Z136.6-2005 

 

 

 

 

 

 

 

 

 

 

American National Standard 

for Safe Use of Lasers Outdoors 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Secretariat 

Laser Institute of America 

 

 

 

 
Approved  October 5, 2015 

American National Standards Institute, Inc. 



 

  

American 

National 

Standard 

An American National Standard implies a consensus of those substantially 

concerned with its scope and provisions. An American National Standard 

is intended as a guide to aid the manufacturer, the consumer, and the 

general public. The existence of an American National Standard does not 

in any respect preclude anyone, whether or not he or she has approved the 

standard, from manufacturing, marketing, purchasing, or using products, 

processes or procedures not conforming to the standard. American 

National Standards are subject to periodic review and users are 

encouraged to obtain the latest editions. 

CAUTION NOTICE: This American National Standard may be revised 

or withdrawn at any time. The procedures of the American National 

Standards Institute require that action be taken periodically to reaffirm, 

revise, or withdraw this standard no later than five years from the date of 

publication. Purchasers of American National Standards may receive 

current information on all standards by calling or writing the American 

National Standards Institute. 

 

 

 

 

 

 

 

 

 

 

 

 
Published by 

 

Laser Institute of America 

13501 Ingenuity Drive, Suite 128 

Orlando, FL 32826 
 

ISBN:  978-1-940168-07-4 
 

Copyright © 2015 by Laser Institute of America. 

All rights reserved. 

 

 
No part of this publication may be copied or reproduced in any form, including  

an electronic retrieval system or be made available on the Internet, a public network, 

by satellite, or otherwise, without the prior written permission of the publisher. 

 

 
Printed in the United States of America. 



 

CONTENTS 

SECTION PAGE 

   xi 

1. General .........................................................................................................................................1 

1.1 Scope. .................................................................................................................................... 1 
1.2 Intended Use of this Standard. .............................................................................................. 2 
1.3 Coordination. ........................................................................................................................ 2 

1.4 Laser Safety Officer (LSO). .................................................................................................. 3 
1.5 Applications. ......................................................................................................................... 4 

 

2. Definitions....................................................................................................................................4 

 

3. Hazard Classification and Hazard Evaluation ...........................................................................18 

3.1 General. ............................................................................................................................... 18 

3.2 Laser Hazard Classification. ............................................................................................... 19 
3.3 Hazard Evaluation. .............................................................................................................. 21 

 

4. Control Measures Requirements ................................................................................................25 

4.1 General. ............................................................................................................................... 25 
4.2 Controls for Laser Applications. ......................................................................................... 26 

4.3 General Product Performance Requirements. ..................................................................... 28 
4.4 Control of Beams from Class 4 and Higher-Power Class 3B Lasers near the Ground. ..... 30 
4.5 Control of Laser Beams in Airspace. .................................................................................. 32 

4.6 Visual Interference. ............................................................................................................. 33 

 

5. Laser Safety Program Management and Training Requirements ..............................................34 

5.1 General. ............................................................................................................................... 34 

5.2 Safety Organization. ........................................................................................................... 34 
5.3 Training. .............................................................................................................................. 36 

 

6. Requirements for Military Specific Lasers ................................................................................36 

6.1 General. ............................................................................................................................... 36 

6.2 Designated Service Laser Hazard Agency (DSLHA). ........................................................ 36 
6.3 FLPPS/Military (DoD) Exemption Requirements and Considerations. ............................. 37 
6.4 Manufacturer’s Laser Control Measures. ........................................................................... 38 

6.5 Laser Safety Training. ......................................................................................................... 42 
 

7. Non-Beam Hazards ....................................................................................................................42 

7.1 General. ............................................................................................................................... 42 
7.2 Electromagnetic Interference (EMI) and Electromagnetic Compatibility (EMC). ............ 42 
7.3 Ergonomics and Human Factors. ........................................................................................ 43 
7.4 Software/Robotic Control. .................................................................................................. 43 
7.5 Fire Hazards. ....................................................................................................................... 43 

 

8. Criteria for Exposures of Eye and Skin .....................................................................................43 

8.1 General. ............................................................................................................................... 43 



 

 

 

SECTION PAGE 

xii  

8.2 MPE for Ocular Exposures. ................................................................................................ 44 
8.3 Visual Interference. ............................................................................................................. 44 
8.4 Repetitive Pulse Lasers. ...................................................................................................... 45 
8.5 MPE for Skin Exposure. ..................................................................................................... 45 

8.6 Flight Geometry. ................................................................................................................. 45 
 

9. Revision of Standards Referred to in this Document .................................................................46 

9.1 ANSI Standards. ................................................................................................................. 46 
9.2 Other Standards and Codes. ................................................................................................ 47 

 

Tables 

Table 1.  Photopic Luminous Efficiency Function V() ....................................................... 49 
Table 2a.  Selected Point Source Ocular MPEs ...................................................................... 50 

Table 2b.  MPE Correction Factors  ........................................................................................ 51 
Table 2c.  Correction Factor, CQ, (MPEpulsed / MPEcw) as a Function of Pulse Repetition  

 Frequency (PRF) for Pulsed Lasers  ....................................................................... 52 
Table 2d.  Skin MPEs .............................................................................................................. 53 

Table 3.  Limiting and Measurement Apertures .................................................................... 54 
Table 4.  Visual Interference Levels  ..................................................................................... 55 

Table 5.  Power Required to Produce a Hazardous Diffuse Reflection as a Function  

 of  Beam Diameter, DL, and Viewing Distance, r1, from a Visible CW Laser  

 Beam ....................................................................................................................... 56 

Table 6.  Energy Required to Produce a Hazardous Diffuse Reflection as a Function of  

 Beam Diameter, DL, and Viewing Distance, r1, from a Pulsed Laser Beam in the  

 Retinal Hazard Region  .......................................................................................... 57 

Table 7.  Magnifying Optical Sight Categories (Minimum optical density, D(), for  

 magnifying and non-magnifying optical sights) .................................................... 58 
Table 8.  Typical Buffer Angle (half-angle) for a Laser Using an Alignment Device  

  (optics or sights) .................................................................................................... 59 
Table 9a.  Control Measures for Lasers that are not Military Exempted ................................ 60 

Table 9b.   Control Measures for Military Exempted Lasers ................................................... 61 
 

Figures 

Figure 1.  Specular Reflection Created from a Flat Glass Surface ......................................... 62 

Figure 2.   Specular Reflections ............................................................................................... 63 
Figure 3a.  Controlled Area on a Laser Range ......................................................................... 64 
Figure 3b.  Buffer Zone for Aircraft-based Laser ..................................................................... 65 
Figure 3c.  Buffer Zone for Ground-based Laser ..................................................................... 65 
Figure 4.  Laser-free Zone Next to a Single Runway ............................................................. 66 

Figure 5.  Interference Zones around Multiple Runways ....................................................... 67 
Figure 6.  Profile of Flight Zones ........................................................................................... 68 
Figure 7a.  IEC Warning Label, Hazard Symbol and Explanatory Label ................................ 69 
Figure 7b.  Caution Label Used in ANSI Z136.1-2007  (grandfathered in this standard) ....... 69 
Figure 7c.  Danger Label Used in ANSI Z136.1-2007  (grandfathered in this standard) ........ 70 

Figure 8a.  Example of Temporary Laser Range Warning Sign .............................................. 70 



 

 

 

SECTION PAGE 

  xiii 

Figure 8b.  Example of ANSI Z535.2-compliant Caution Sign  for Class 2, Class 2M and  

 Class 3R Lasers ...................................................................................................... 71 
Figure 8c.  Example of ANSI Z535.2-compliant Warning Sign  for Class 3B and Class 4  

 Lasers ...................................................................................................................... 71 

Figure 8d.  Example of ANSI Z535.2-compliant Class 4 Danger Sign Format ....................... 72 
Figure 8e.  ANSI Z535.2 Signal Words ................................................................................... 72 
Figure 8f.   Example of Permanent Laser Range Warning Sign ............................................... 72 

 

Appendix A  

Administration/Coordination Considerations ................................................................................73 

A1. General ............................................................................................................................... 73 

A2. Applying for a FDA/CDRH Variance ............................................................................... 73 
A3. Laser Light Shows ............................................................................................................. 73 
A4. Safety SOPs ....................................................................................................................... 74 
A5. Laser Clearinghouse Coordination .................................................................................... 74 

A6. Sample SOP and Correspondence ..................................................................................... 74 
 

Appendix B  

Examples of Calculations, Hazard Evaluation, and Control Measures Implementation ...............85 

B1. General ............................................................................................................................... 85 

B2. Symbols .............................................................................................................................. 85 
B3. Formulas and Examples Useful in Evaluation of Various Laser Applications .................. 87 

B4. Examples of Specific System Hazard Evaluations ............................................................ 99 
B5. Specific Control Measures Examples .............................................................................. 119 

B6. Sub-nanosecond Pulses .................................................................................................... 120 
B7. References ........................................................................................................................ 121 

Table B1.  Units conversion table .......................................................................................... 108 
Table B2.  Protection distances for Example 30 .................................................................... 109 
Table B3.  Laser output power ............................................................................................... 112 

Figure B1.  Expansion of a Laser Beam .................................................................................. 122 
Figure B2.  Laser Beam Expansion when Laser Beam has an External Beam Waist ............. 123 

Figure B3.  Specular Reflection of a Laser Beam ................................................................... 123 
Figure B4.  Factors that Affect the Divergence of a Reflected Laser Beam ........................... 124 

Figure B5.  Drawing of Possible Beams from Laser Light Show Near Airport ..................... 125 
Figure B6.  Drawing of Laser Beacon Near Airport (side view) ............................................ 126 

Figure B7.  Drawing of Laser Beacon Near Airport (top view) .............................................. 126 
Figure B8.  Diffuse Reflection of Laser Beam ........................................................................ 127 
Figure B9.  Rough Drawing of Local Airport ......................................................................... 127 

 

Appendix C  

Atmospheric Effects.....................................................................................................................128 

C1. Introduction ...................................................................................................................... 128 
C2. Atmospheric Scattering and Absorption .......................................................................... 128 
C3. Atmospheric Scintillation ................................................................................................. 128 

C4. Hazard Distance Considerations ...................................................................................... 129 



 

 

 

SECTION PAGE 

xiv  

C5. Scintillation ...................................................................................................................... 130 
C6. Inclement Weather ........................................................................................................... 130 
C7. References ........................................................................................................................ 130 
Table C1.  Atmospherically Corrected Values of NOHD ...................................................... 131 

Table C2.  Reduction in NOHD as a Function of Atmospheric Attenuation Coefficient ........ 132 
Table C3.  Total Atmospheric Transmission Depending on Visibility ................................... 133 
Table C4.  Attenuation Parameter According to Altitude ...................................................... 134 

 

Appendix D  

Considerations for Outdoor Intentional Illumination with Visible Lasers ..................................135 

D1. Introduction ...................................................................................................................... 135 

D2. Effects of Intense Light on Vision ................................................................................... 135 
D3. Summary of Laser Visual Effects .................................................................................... 137 
D4. Characterization of Power/Irradiance Levels Necessary to Achieve Desired Effects ..... 141 
D5. Conclusions ...................................................................................................................... 143 

D6. Bibliography .................................................................................................................... 143 
Table D1.  Laser Irradiance Levels for a Warning Effect at Night, Dawn/Dusk, and Day ... 142 

Figure D1.  Visual Function in Relation to the Normal Range of Light Intensities in the  

 Human Eye ........................................................................................................... 136 
Figure D2.  CIE Photopic Spectral Luminosity Curve for the Standard Observer .................. 138 

Figure D3.  Simulated Nighttime and Daytime Aerial Scenes Used for Laser Warning  

 Studies .................................................................................................................. 139 

Figure D4.  Glare Angle of Obscuration from the Center of a Laser Source .......................... 139 
Figure D5.  Ratings of the Severity of Laser Glare on the Questionnaire for Different  

 Irradiance Levels .................................................................................................. 140 
Figure D6.  Photographs on the Axis of the Laboratory Laser Beam at 160 m ...................... 141 

Figure D7.  Ocular Irradiance as a Function of Distance from the Laser Aperture for a  

 33 mW Laser with a 4 mrad Divergence .............................................................. 142 
Figure D8.  Ocular Irradiance as a Function of Distance from the Laser Aperture for a  

 100 mW Laser with a 4 mrad Divergence ............................................................ 143 
 

Appendix E  

Outdoor Laser Safety Analysis Methodology..............................................................................145 

E1. Operational Volume and Protection Distances ................................................................ 145 
E2. Local Airports and Flight Hazard Zones .......................................................................... 145 

E3. Air Traffic Patterns and Densities .................................................................................... 145 
E4. Relative Risk of Airspace ................................................................................................. 146 
E5. Aircraft Considerations .................................................................................................... 146 
E6. Defining Laser Operations ............................................................................................... 146 
E7. Relative Risk of the Laser Operations .............................................................................. 147 

E8. Relative Risk of Laser Operations versus Air Space ....................................................... 147 
E9. Preventive Methods .......................................................................................................... 148 
Figure E1.  Relative Risk Based on Air Traffic Densities and Flight Hazard Zones .............. 146 
Figure E2.  Relative Risk Based on Operations and Hazard Distances .................................. 147 
Figure E3.  Relative Risk Based on a Combination of Operations and Air Traffic ................ 148 

Figure E4.  Reasonable Control Techniques ........................................................................... 148 



 

 

 

SECTION PAGE 

  xv 

Appendix F  

Aircraft Detection Systems ..........................................................................................................149 

F1. General .............................................................................................................................. 149 
F2. Safety Observer ................................................................................................................ 149 

F3. Radar ................................................................................................................................. 150 
F4. Solid-State Infrared Cameras ............................................................................................ 152 
F5. References ........................................................................................................................ 152 

 

Appendix G  

Training Requirements.................................................................................................................154 

G1. General ............................................................................................................................. 154 

G2. Laser Safety Specialists ................................................................................................... 154 
G3. LSMO LSO ...................................................................................................................... 155 
G4. Site LSO ........................................................................................................................... 155 
G5. Authorized Laser Operators ............................................................................................. 155 

G6. Personnel in the Target Area of a Laser ........................................................................... 155 
G7. Safety Observers .............................................................................................................. 156 

 

Appendix H  

Visible and Invisible Laser Radiation — Problems in Laser Safety Terminology......................158 

H1. Introduction ...................................................................................................................... 158 
H2. Background ...................................................................................................................... 158 

H3. Class 2 ‘Visible’ Lasers ................................................................................................... 159 
H4. The ‘Invisible’ Laser ........................................................................................................ 160 

H5. Recommended Practice .................................................................................................... 160 
H6. Product Labeling .............................................................................................................. 162 

H7. Conclusions ...................................................................................................................... 162 
H8. References ........................................................................................................................ 163 
Figure H1.  Photopic Luminous Sensitivity ............................................................................ 159 

 

Index ............................................................................................................................................165 

 



 

  1 

American National Standard for  

Safe Use of Lasers Outdoors 

1. General 

1.1 Scope. 

This standard provides guidance for the safe use of potentially hazardous lasers and laser systems 

(180 nm to 1 mm), in outdoor environments.  It also provides guidance for controlling disability 

glare from exposure to non-injurious levels of visible laser light (see Appendix D), which might 

interfere with sensitive or critical tasks, and guidance for the manufacturers of these open-beam 

laser systems.  Lasers used for fixed, terrestrial point-to-point free-space optical 

telecommunications are not covered in this document. 

1.1.1 Visual Interference.  Visible laser beams used outdoors, especially at night, for display 

and other purposes may need additional control measures to protect persons potentially exposed 

to hazards associated with bright light.  These hazards include transient visual and psychological 

effects of laser beams such as afterimage, glare, and startle.  These effects can produce indirect 

safety hazards when people are performing critical visual tasks.  Examples of critical tasks 

include, but are not limited to, operating heavy equipment or motor vehicles, piloting aircraft, or 

facilitating control tower activities.  The FAA Modernization and Reform Act of 2012 made it a 

federal felony to knowingly point the beam of a laser pointer at an aircraft.  Illumination of an 

aircraft by a visible laser beam may cause interference with the flight crew, which is in violation 

of federal and/or state law.  Therefore, as a general policy, it is recommended never to point or 

direct visible laser beams at aircraft that may exceed the visual interference levels defined in 

Table 41 and/or the respective Class 1 MPE found in ANSI Z136.1. 

For purposes of this standard, visible radiation effects are assumed to occur in the spectral region 

from 380 nm to 780 nm.  The exact divisions between visible and invisible radiation depend on 

the spectral sensitivity of the individual and other considerations (see Appendix H).  Spectral 

ranges such as 400 nm to 700 nm or 380 nm to 780 nm are defined for convenience and should 

not be considered as precise delineations between visible and invisible.  This standard addresses 

biological effects, both on vision impairment and on actual injury potential from optical 

radiation.  For the consideration of temporary visual effects, the spectrum of 380 nm to 780 nm 

is used.  

1.1.2 Product Performance Standards.  Laser systems, which may be used outdoors, that meet 

the U.S. Federal Laser Product Performance Standard, Title 21 Code of Federal Regulations 

1040 (21 CFR 1040), herein referred to as the FLPPS, can be considered as meeting the product 

performance requirements of this standard.  The Food and Drug Administration’s Center for 

Devices and Radiological Health (FDA/CDRH), which administers the FLPPS, has issued a 

guidance document, Laser Notice 50, that describes the conditions under which laser product 

manufacturers may introduce into United States commerce laser products that comply with the 

                                                 
1 There are a few legitimate applications where aircraft may be targeted with visible laser light that exceeds the levels defined in 

Table 4, such as rescue operations. 
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International Electrotechnical Commission (IEC) standards 60825-1, as amended, and 60601-2-

22.  The FDA/CDRH may require additional or alternate safety control measures in the variance 

or exemption.  This Standard identifies such alternate measures in 4.3.4. 

1.1.3 Federal Variance or Exemption.  Provisions are provided in the FLPPS (21 CFR 1010.4) 

which give the FDA/CDRH authority to grant variances and exemptions from specific parts or 

all of the requirements of the standard.  Variances and exemptions can only be granted when 

specific alternative conditions are met and can only be used after the FDA/CDRH has approved 

them.  This standard provides guidance for those systems that have received a variance or an 

exemption from some of the product performance requirements of the FLPPS.  Alternate safety 

features are provided in this standard.  Some additional product performance safety features for 

outdoor laser systems that could be required by the LSO are included in 4.3.4.  This standard also 

addresses outdoor laser applications that do not require an FDA/CDRH variance and the outdoor 

use of lasers that may not have been originally intended for outdoor use. 

1.1.4 U.S. Department of Defense (DoD) Laser Purchases.  A laser hazard evaluation 

approved by the appropriate authority for each purchasing Service is required for all DoD laser 

systems intended for outdoor use.  The DoD purchasing authority may apply the DoD exemption 

to the federal requirements of FLPPS if the intended use meets appropriate criteria (see Section 6 

for alternate criteria). 

1.2 Intended Use of this Standard. 

This standard is intended as a guide for designers, users, and operators of lasers or laser systems 

that are used outdoors.  It provides specific information for hazard evaluation, implementation of 

control measures, and education.  It also provides uniform guidance for users and managers of 

laser systems in establishing standard operating procedures (SOPs) and protocols for Class 3B 

and Class 4 lasers (see Appendix A for sample SOPs).  General guidelines for laser safety and 

hazard assessment can be found in ANSI Z136.1.2  

Differences in sensitivity to optical radiation among individuals and anticipation of unusual 

situations are recognized in this standard.  Hazard evaluation is based on the potential of the laser 

to produce injury or adverse effects.  Control measures are intended to help prevent hazardous 

exposures to people through recognized and accepted safety practices, and are not usually based 

on the probability of exposure or injury.  

1.3 Coordination.   

1.3.1 FDA.  Laser product manufacturers are required by federal law to report and certify their 

products with the FDA.  Laser products that comply with the FLPPS and are not used for display 

do not require an FDA/CDRH variance to be used outdoors.  However, a variance is required for 

all Class 3B and Class 4 outdoor laser demonstration products.  Some government agencies have 

exemption agreements with FDA that require independent design, labeling, and reporting 

requirements (see 1.1.3).  For further information, visit http://www.fda.gov. 

                                                 
2 When the year of publication is shown (e.g., ANSI Z136.1-2014), the reference is to that specific standard; when the year of 

publication is not shown, the reference is to the latest revision of that standard. 
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1.3.2 FAA.  Users of Class 3B and Class 4 lasers used for demonstration purposes are required to 

obtain a letter of non-objection from the Federal Aviation Administration (FAA) as a condition 

of compliance with their FDA variance.  Additionally, the FAA requests the operators of other 

Class 3B and Class 4 lasers with beams that could enter navigable airspace to coordinate with 

them at least 90 days prior to laser operations, when feasible.  These steps are intended to reduce 

the likelihood that people are exposed to hazardous laser radiation and that the laser energy will 

not interfere with FAA approved flight operations (see 4.5, and Appendixes A, E, and F).  For 

further information, see Advisory Circular, AC 70-1 available at http://www.faa.gov. 

1.3.3 Laser Clearinghouse.  When operating unterminated lasers that have a very small 

divergence and can pose high irradiance or fluence values at high altitudes, it may be necessary 

to deconflict potential issues with satellites by contacting the U.S. Strategic Command Laser 

Clearinghouse at (805) 606-1282. 

1.3.4 Military/Department of Energy.  Users of Class 3B and Class 4 lasers operating through 

special use airspace, as designated by the FAA for DoD or Department of Energy (DOE) use, 

even if the maximum permissible exposure (MPE) is not exceeded in that area, shall contact the 

local military authorities to ensure that the use will not interfere with military or DOE operations.  

These authorities should also be contacted when propagating all other lasers through their 

airspace.   

1.3.5 Federal/State/Local Authorities.  Federal, state, and local law may require special 

coordination or registration.  Laws are currently in place and more are being considered that 

would further restrict the use of lasers outdoors, particularly when used in the navigable airspace. 

When propagating laser beams through special use airspace, the user should coordinate with the 

appropriate airspace controlling agency. 

1.3.6 Others.  When laser beams cross property lines, the property owner should be notified if 

human exposure in excess of the MPE is possible.  However, positive beam control shall be in 

place to ensure that unintentional exposures above the MPE do not occur.  See Sections 4.3.4 and 

4.4.3. 

1.4 Laser Safety Officer (LSO). 

For Class 3B and Class 4 outdoor operations, an individual shall be designated as the LSO by the 

employer, system owner, and/or property owner as necessary.  The LSO shall have both the 

authority and the responsibility to effect the knowledgeable evaluation of laser hazards and to 

monitor and enforce their control.  The LSO duties may include:  

a) classifying or verifying classification of laser systems under the LSO’s jurisdiction 

b) performing a hazard analysis of laser work areas including establishment of hazard zones 

c) ensuring that the prescribed control measures are in effect 

d) recommending or approving substitute or alternate control measures when the primary 

ones are not feasible or practical 

e) periodically auditing the functionality of the control measures in use 

f) approving SOPs 
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5.3 Training.   

Laser safety education and training commensurate with the hazards shall be provided to 

supervisors and users.  The exact amount and depth of detail should be tailored to each situation.  

Generally, LSOs in a management capacity should receive training as outlined in ANSI Z136.1. 

(See Appendix G of this standard for training of laser workers, Laser Safety Specialists, Laser 

Systems Management Organization LSO, Site LSO, Authorized Laser Operators, Personnel in 

the Target Area of a Laser, and Safety Observers.)   

6. Requirements for Military Specific Lasers 

6.1 General.   

The requirements in this section apply to military specific lasers and may be used as guidance for 

other organizations having a variance or exemption from the FLPPS.  Lasers used by the military 

that are not exempted will be classified according to the FLPPS.  DODI 3100.11 requires that all 

unterminated laser emissions be coordinated with the U.S. Strategic Command Laser 

Clearinghouse, regardless of hazard class or military exemption status.  The Laser Clearinghouse 

may provide a provisional 1-year waiver if they determine that the laser is not capable of 

interfering with the mission of satellites, or they may provide geometric and/or temporal limits as 

to when the laser can be used.  (See Appendix A for examples of Laser Clearinghouse reporting 

forms and associated authorization letters.)  

6.1.1 Basic Policy.  Military lasers shall be designed to the lowest output power or energy 

consistent with reliable mission accomplishment.  Laser systems and their support equipment 

shall be designed to minimize accessibility to hazardous emissions during maintenance activities.  

6.1.2 Training Modes and Direct Fire Simulators.  Class 1 emissions are a goal for all lasers 

used in a training environment.  Force-on-force training lasers shall not exceed the Class 3R 

AEL (with or without the use of viewing aids).  Other training lasers or lasers in training mode 

should not exceed the Class 3R AEL (with or without the use of viewing aids).  

6.2 Designated Service Laser Hazard Agency (DSLHA). 

Regardless of class or exemption status, military specific lasers are required to have approval for 

use by their Service.  Each Service has a DSLHA that should be contacted for Service-specific 

procedures. 

To ensure an independent evaluation of laser hazards, the appropriate DSLHA(s) shall be 

contacted prior to the procurement or use of these lasers or upon change in their output, design, 

or application.  This should be done with sufficient lead-time so that a hazard analysis can be 

performed.  The need for a full hazard evaluation is contingent upon the results of this analysis as 

well as Service-specific regulations.  Control measures shall be implemented as directed by 

Service-specific requirements.   

6.2.1 DSLHAs Contact Information. For the U.S. Army, contact the Nonionizing Radiation 

Program of the Army Public Health Center, 5158 Blackhawk Rd, Bldg. E1950, Aberdeen Proving 

Ground, MD 21010-5403. E-mail: usarmy.apg.medcom-phc.mbx.nonionizing@mail.mil.  

Telephone: (410) 436-3932. 
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For the U.S. Navy and Marine Corps, contact Code G-73 of the Dahlgren Division of the Naval 

Surface Warfare Center Dahlgren Division (NSWCDD), 6078 Norc Ave, Suite 309, Dahlgren, 

VA 22448-5131.  E-mail: lasersafety@navy.mil.  Telephone: (540) 653-1060.  The Navy Laser 

Safety Review Board (LSRB) authorizes the conditions under which the equipment can be used. 

For the U.S. Air Force, contact the Air Force Research Laboratory, 711th HPW/RHDO, 4141 

Petroleum Rd., Fort Sam Houston, TX 78234.  E-mail: 711hpw.rhdo.usaflasersafety@us.af.mil.  

Telephone: (210) 539-8175.  The Air Force Laser System Safety Review Board (LSSRB) 

authorizes the conditions under which the equipment can be used. 

Upon review by the DSLHA, the control measures specified in this section may be substituted by 

other controls, which provide equivalent protection.  If alternate control measures are used, all 

personnel directly affected shall be provided appropriate operational and laser safety training.  

Documentation of alternate control measures and training is recommended. 

6.3 FLPPS/Military (DoD) Exemption Requirements and Considerations. 

It is the responsibility of the manufacturer to comply with all requirements of the FLPPS, except 

for those that interfere with the intended use of the device.  The manufacturer is required by 

federal law to have written notification of military exemption qualification from a DoD authority 

prior to delivery of any laser product not fully compliant with the FLPPS.  The DSLHA 

determines whether a laser system meets the FLPPS and can aid the user in determining if use of 

the DoD exemption is necessary. 

Military exemption notifications should list items of non-compliance from the FLPPS and limit 

both the number of units exempted and the date range for which the exemption is necessary.  As 

all issues of non-compliance to the FLPPS may not be known for early engineering and 

developmental systems, all military exemption notifications that do not limit both the date of 

delivery and number of units shall itemize all requirements of the FLPPS that are not in 

compliance.  Additionally, all military exemption notifications shall include the qualification for 

exemption (combat, combat training, or classified in the interest of national security), and should 

define the scope to which it may be used.  Scope limitations might include military Service or 

group, numbers of systems, serial numbers, timeframe, configuration, or specification variability.  

Additional exemption notifications may be required for the same laser system if being procured 

outside the scope of the original exemption notification.  The DoD does not accept FDA/CDRH 

variances for military specific lasers in lieu of the application of the DoD exemption from the 

FLPPS. 

The procuring agent shall provide a copy of the exemption notification to all applicable 

DSLHA(s) and shall control the inventory and demilitarization of delivered systems.  An 

exempted laser shall not be transferred, either temporarily or permanently, to an individual or to 

a non-DoD organization unless it is brought into full compliance with the FLPPS, is destroyed 

beyond repair, or is transferred by other legal means.  Transfer of a military exempted laser 

system to another DoD agency requires the transfer of inventory and demilitarization 

responsibilities to that agency. 
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Figure 3b. Buffer Zone for Aircraft-based Laser 

 

 

 

Figure 3c. Buffer Zone for Ground-based Laser 
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Figure B8. Diffuse Reflection of Laser Beam 

NOTE—The reflected laser energy is spread over a large area from a matte surface. 

 

 

Figure B9. Rough Drawing of Local Airport 
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Appendix C 

Atmospheric Effects 

C1. Introduction 

There are two main atmospheric effects that need to be addressed when assessing the hazard 

distance from a laser source: attenuation and scintillation.  Attenuation is caused by absorption 

and scattering, and depends on the laser wavelength and atmospheric constituents (e.g., water 

vapor, smoke and aerosols).  Scintillation is a random phenomenon that is caused by local 

temperature variations in the atmosphere.  These variations cause local increases and decreases 

in the beam energy distribution.  These changes do not pose a notable increase in risk of injury 

and therefore, the hazard evaluation is not affected.   

C2. Atmospheric Scattering and Absorption 

A laser beam that propagates through a vacuum will not be attenuated as it passes through space.  

However, under normal atmospheric conditions, the effect of atmospheric attenuation may 

become a major factor in evaluating the radiant exposure or irradiance at distances greater than a 

few kilometers from a laser.  This attenuation consists of three effects: Mie scattering, Rayleigh 

scattering and molecular absorption.  Mie (or large particle) scattering occurs where the particle 

size is greater than the wavelength of the optical radiation, and is normally the greatest 

contributor in the visible and near infrared.  Rayleigh (or molecular) scattering occurs where 

particle size is much less than the wavelength, is reasonably constant for a given wavelength, and 

is the greatest contributor in the ultraviolet.  Except in the infrared, absorption by gas molecules 

is normally insignificant in comparison to scattering.  

Rayleigh scattering, which is proportional to -4, is significantly more pronounced at shorter 

wavelengths; thus a laser with a long wavelength (up to 2000 nm) is attenuated less than a laser 

that operates in short wavelengths (down to 400 nm).  A clear atmosphere may, therefore, be 

expected to be relatively transparent to visible and near infrared wavelengths.  If the effects of 

atmospheric attenuation are to be considered, knowing the meteorological range V (km) is 

necessary.  The attenuation is usually based upon a V of 60 km or “Exceptionally Clear 

Atmosphere” since the visibility may not be known during an outdoor operation.  

C3. Atmospheric Scintillation 

Scintillation is a complex phenomenon that is dependent upon laser beam and atmospheric 

characteristics.  As a laser beam passes through the atmosphere, it may undergo localized 

changes in irradiance or radiant exposure. “Turbulons” are created when local temperature 

gradients produce variations in air density perpendicular to the beam propagation direction.  

These “turbulons” are expressed as local variations in the air index of refraction.  Passing 

through a portion of the atmosphere where “turbulons” are present causes different areas of the 

beam to focus or defocus.  Scintillation effects are most prominent close to the surface of the 

earth.   
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Index 

 

A 

   5, 23 see apparent visual angle 

 max   5, 23 see alpha-max 

 min   5, 23 see alpha-min 

absorption   4, 6, 16, 23, 43 

access panel   39 

accessible emission limit   4, see AEL 

administrative control   4, 14, 21, 25 

AEL   4, 8, 10, 20-21, 29-30, 36, 40-42, 

see accessible emission limit 

aided viewing   4, 20-21, 27 

air traffic control   see ATC 

airborne laser   27, 40 

airspace   3, 6-7, 11, 13, 15-17, 26-27, 31-

34, 66 

alignment   5-6, 40, 43, 59 

alpha-max   5, see  max 

alpha-min   5, see  min 

alternate control measures   3, 26, 37 

apparent visual angle   5, 12, 17, 44, see   

APR   5, 24, 41-42, see automatic power 

reduction 

arming   28, 39 

ATC   33, see air traffic control 

atmospheric effects   23-24 

attenuation   5, 23 

automated power reduction   see APR 

autonomous   27, 41 

average power   5, 38, 44, 53 

aversion response   5, 20, 24 

B 
barrier   30-31, 43 

beam diameter   6-7, 23-24, 56-57 

beam waist   6, 8-9 

buffer angle   6, 24, 59 

buffer zone   6, 24-25, 30-31, 35, 40 

C 
CA   6, 50-51, 53, 57 

caution   38, 45, 71 

CC   6, 50-51, 57 

CE   6, 19 

Class 1   1, 8, 20-21, 25, 27, 30, 34, 36, 

38-41, 69 

Class 1M   20-21, 34, 38-39, 69 

Class 2   20-21, 34, 38-39, 69, 71 

Class 2M   20-21, 34, 38, 69, 71 

Class 3B   2-3, 10, 12, 19-22, 28-32, 34-

35, 38-39, 41, 71 

Class 3R   6, 10, 21, 27, 29, 34, 36, 38-40, 

60-61, 71 

Class 4   2-3, 12, 19, 21-22, 28-32, 34-35, 

38-39, 41, 60, 71-72 

classification   11, 18 

collateral radiation   6, 28-29, 40-41 

collimated   6, 9, 11-12 

condition 1   20 

condition 2   20 

continuous wave   6, 24, see CW 

control measures   1-4, 7, 9, 11-12, 14, 18-

21, 24-28, 30, 33, 35, 37-38, 40-42 

controlled area   7, 14, 24, 31 

cornea   7, 10, 17, 22 

correction factor   19, 23, 44, 50-51 

CP   6 

critical exposure distance   7, 15 

critical level   7, 18, 33 

critical task   1, 7, 11, 18-19, 22, 25-26, 

33 

critical zone   7, 9, 33, 67-68 

CW   6, 24, 44-45, 50-51, 53, 56, see 

continuous wave 

D 
danger   38, 64, 72 

demonstration   2-3, 7, 11, 32 

diffraction   7-8 

diffuse (reflection)   6-7, 9, 11, 15, 21, 23, 

30-32, 40, 44, 56-57, 60 

divergence   3, 5-6, 8, 22, 24, 26-27 
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E 
emission indicator   8, 29, 39, 61 

engineering controls   4, 9, 12, 25 

exemption (FDA/CDRH)   2, 13, 28, 36-

38, 61 

exposure duration   5, 8, 10, 12, 17, 20, 

24, 41, 43-45, 50-51, 53, 55 

extended source   5-6, 9, 12, 19, 23, 44, 51 

F 
FAA   1, 3, 9, 13, 17, 25-26, 32-34, 46-47, 

67-68 

fail-safe   30 

FDA/CDRH   1-2, 9, 13, 17, 19, 28, 32, 

37, 47 

federal laser product performance standard   

see FLPPS 

field of view   17 

flight zone   9, 13, 32-33, 68 

FLPPS   1-2, 9, 17, 19, 25, 27-29, 36-38, 

47, see federal laser product 

performance standard 

focal length   9 

focal point   9 

G 
Gaussian   10 

glare   1, 10, 19, 30 

H 
half-power point   10, 15 

hazard evaluation   2, 5, 7, 11, 17-19, 21-

23, 25, 35-36, 41, 43, 54 

higher-power 3B   10, 19, 21, 29-31, 39, 

41, 60-61 

I 
illuminance   8, 10, 45, 49, 55 

infrared   6-8, 10-11, 22-23, 44, 53 

integrated radiance   5, 10 

interlock   10, 16, 28, 30, 39, 41, 43 

intrabeam   20-21, 45 

invisible   1, 10, 29, 34, 38-39, 60-61, 70 

irradiance   3, 6-12, 15-18, 26, 33-35, 44-

45, 49, 54-55 

L 
labels   4, 38, 69, 70, see signs 

laser eye protection   14, 31, 43, 60, see 

LEP 

laser light show   11, 15 

laser operation   3, 5, 10, 22, 27, 31-32, 

39, 46 

laser personnel   12 

laser pointer   1, 26, 33 

laser safety officer   12, 25, see LSO 

laser safety specialist   12, 22, 35 

laser-free exposure distance   11, 15, 25, 

44 

laser-free level   11, 18, 33 

laser-free zone   9, 11, 32-33, 66-68 

LEP   14, 31, 60, see laser eye protection 

letter of non-objection   3 

limiting aperture   12, 20, 44, 54 

limiting exposure duration   12, 17, see 

Tmax  

LSO   2-5, 12, 16, 19, 24-25, 27, 31, 33-

36, 42, see laser safety officer 

M 
magnifying (optics)   4, 17, 20, 29, 54, 58 

maintenance   4, 12-13, 16, 25, 34-36, 40 

mask   40 

maximum permissible exposure   3, 13, 

see MPE 

measurement aperture   8, 19-20, 53-54 

military authority   33, 38 

military exemption   36-38 

military laser   13, 36-38, 41 

MPE   1, 3, 6, 9-14, 17-19, 22-33, 38-41, 

43-45, 50-51, 53, 55, 60-61, see 

maximum permissible exposure 

multiple pulse   15, 44, see repetitive pulse 
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N 
navigable airspace   3, 9, 13, 25-27, 32 

NHZ   4, 13, 23, 25, 27, 29-33, 60-61, see 

nominal hazard zone 

night vision   34 

NOHD   10, 13, 20, 23-25, 27, 30, 33, 38, 

44, 70, see nominal ocular hazard 

distance 

nominal hazard zone   4, 13, 60, 63, see 

NHZ 

nominal ocular hazard distance   13, 15, 

23, see NOHD 

non-beam hazard   42 

O 
ocular exposure   6, 24 

open beam   40 

operator-controlled laser   7, 13, 27, 31 

optical density   14, 16, 40, 58 

optical sight   14, 40, 58, 61 

optically aided viewing   13, 20-21, 24, 27, 

54 

outdoor use (outdoor operation)   2-4, 19, 

21, 25, 35 

P 
personal protective equipment   7, 9, 14, 

25, see PPE 

photochemical   50-51 

point source   14, 17, 19, 23, 44, 50 

pointing accuracy   14, 24, 59 

positive action (control)   32, 39, 61 

PPE   4, 7, 9, 14, 25, 29, 31-32, 39, see 

personal protective equipment 

protection distance   15, 27, 30 

protection level   26 

protective eyewear   4, 24 

pulsed laser   6, 8, 15, 45, 50, 52-53, 57 

Q 
Q-switch   15, 45, 53, 57 

R 
radiance   5, 10-11, 15 

radiant energy   4, 11, 15 

radiant exposure   6-9, 11-12, 15-16, 18, 

44-45, 54-55 

radiant power   15, 22 

repetitive pulse   14, 44-45, 53, see 

multiple pulse 

retina   6, 22-23 

retinal hazard region   16, 20, 22, 51, 57 

robotics   42-43 

S 
safety observer   16, 26-27, 32-33, 35 

scan   27, 44 

sensitive exposure distance   15-16 

sensitive level   16, 18, 33 

sensitive zone   9, 16, 25, 33, 67-68 

service   4, 12-13, 16, 34, 40 

shutters   9, 30, 60 

signs   4, 31-32, 60, 70, 72, see labels 

single pulse   44 

skin   4, 6, 13, 20-21, 25, 30-32, 42-45, 53, 

60 

solid angle   15, 17, 24 

SOP   4, 17, 30, 42, see standard operating 

procedure 

specular   62 

specular (reflection)   5-7, 14-15, 17, 23, 

31-32, 63 

standard operating procedure   2-4, 17, 60, 

see SOP 

steradian   10, 15, 17 

T 
telescopic   see aided viewing or collection 

optics 

telescopic (viewing)   20 

terminated   27 

Tmax   12, 17, 44, 50, 53-55, see limiting 

exposure duration 

tmin   17 

training   4, 8, 12-13, 22, 26-28, 31-32, 34-

37, 40, 42 

transmission   6, 8, 17, 19-20, 24, 54 

transmittance   14, 17, 31 
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U 
ultraviolet   17, 22, 32 

unaided viewing   4, 13, 17, 20-22, 27 

 

unmanned   15 

unterminated   3, 26, 32, 36 

V 
variance (FDA/CDRH)   2-3, 17, 28, 32, 

36 

viewing conditions   20, 22-23 

visible (laser, beam, radiation)   1, 7, 10-

12, 16-18, 22, 24, 26, 28, 32-34, 38-39, 

43-45, 53, 55-56, 59, 70 

visual interference   1, 6-9, 11, 14, 16, 18-

19, 22, 25-27, 30, 32-35, 43-45, 55 

W 
warning   4, 17, 31, 38, 42, 70-72 

 




