
SHOALS Public Laser Safety 
The SHOALS program is designed around the safe operation of the airborne laser system.  All aspects of the laser 
operation fall under the American National Standards Institute (ANSI) Z136.1-1993.  Prior to field trials and 
operation in 1994, The U.S. Army Environmental Hygiene Agency at Aberdeen Proving Ground, Maryland validated 
and published the attached report (#25-42-D776-93 ) identifying SHOALS’ ability to perform the required 
assignments without endangering the public.    
In-place safety practices have provided 6 years of accident free operation and are continuously monitored. 

 
A Laser Safety Officer is assigned to the field team.   
 

All field personnel are required to complete initial baseline eye examinations prior to field assignments. Medical 
surveillance programs include annual eye re-examinations. 
 

Safety briefing and training for all active field personnel prior to laser operations, both airborne and ground based 
testing. 
 

A Pilot Pause Switch in the front cockpit for temporarily disabling the laser.  The switch is designed to allow the 
pilots to utilize their forward-looking ability to assess and minimize risks to the public.  
 

The SHOALS airborne software is equipped with built-in “switched” that predetermine the lowest altitude for 
operating the laser based on the flightplanned altitude vs. beam divergence.  The software disables the laser if the 
platform goes below the pre-determined altitude. 

 
Recent hardware upgrades have not changed the safety margins designed into the airborne system.   
 

System operational parameters are continually monitored and re-evaluated to ensure continued safe operations. 
 
SHOALS Laser Specifications 
Property      Value 
Wavelength     532 & 1064 nm 
Pulse Freq     400 Hz 
Pulse Energy     >5 mJ Total (532 + 1064 nm) 
      <6 mJ Green (532 nm stand alone) 
Type      ND:Yag 
 
 

Laser Hazards - Eye & Skin 
Class 4 laser WILL cause eye damage if viewed directly or indirectly from close up.  Minimal safe distances during firing is 
>50 meters 
 
 
 



SHOALS LASER SAFETY 
 

• Definition 
o Light Amplification by Stimulated Emission of Radiation 
o A device that produces and amplifies light 
o SHOALS Bathymeter Laser 

§ Hazard classification: 
• The ability of the primary laser beam or reflected primary laser beam 

to cause biological damage to the eye or skin during intended use. 
§ Class IV category 

• High power 
• Biological damage 
• Potential for fire  
• Potential for laser generated air contaminants  

§ ND:Yag – Solid State 
• NeoDymium Doped Crystal Yttrium Aluminum Garnet 

§ KTP 
• Potassium Titanyl Phosphate  (KTiPOP4 or KTP) 
• Used in ND:Yag systems for frequency doubling 
• 1064 nm to 532 nm  

§ Old Big Sky Laser: 20 mjules / 5 watt potential 
• 200 Hz or 200 pulses per second 

§ Newer CEO Laser: 10 mjules / 2.5 watt optimal 
• 400 Hz or 400 pulses per second 

• Most outstanding aspects of solid state lasers  
o Output is not continuous – increased output power vs. initial power 

§ Pulsed energy / pulse width = 625 kWatts Green Peak Power 
§ Pulsed energy / pulse repetition = 2 Watts Green Average Power  

• Laser hazards  
o Intra-Beam: Direct  eye exposure to the beam 

§ Avoid walking in the beam path 
§ Wear goggles at all times 

o Diffuse: In-direct exposure to the beam (reflected off of objects in the beam path) 
§ Keep beam path clear of objects reflecting the beam 
§ Wear goggles at all times 

• Nominal Hazard Zone (NHZ) 
o Intra-Beam  

§   6 mrad = 337 meters  
§   8 mrad = 225 meters  
§ 12 mrad = 169 meters  

o Diffuse 
§  6 mrad = 1 meter 
§  8 mrad = 1 meter 
§ 12 mrad = 1 meter  

• Laser protection 



• Safety protocols 
o Ground based operations  

§ Keep people at least 50 feet away during the day 
§ Keep people at least 75-100 feet away at night 
§ During hard target testing; keep path to target and area 45o to either side clear 
§ Use curtain for energy measurements 
§ Man pause switch during entire process 

• Clear unobstructed view of area 
• No other duties 

§ Big Red button on front panel of LEU for quick termination of laser activity 
o Airborne operations  

§ Software monitoring of altitude vs. beam divergence 
• Smaller beam divergence requires higher altitudes 

§ Pilots pause switch, their forward looking position allows better anticipation of 
hazards. 

§ No overflies of heavily populated areas 
§ Big Red button on front panel of LEU for quick termination of laser activity 

• Non-Beam Hazards  
o High Voltage 
o Glycol 
o Methynol 
o Acetone 
o NO2 

• Laser Accident Summaries 
o Past decade:  

§ 28% due to Alignment 
§ 16% due to improper eye wear or eye wear failure  
§ 16% due to high voltage 

 
• Closure 

o Primary tool for safe operations is and always will be attention to the process, 
environment and people. 



o Goggles 
§ Full protection 
§ Alignment 

o Pause switch 
§ Push to pause, easy motion 
§ Pull to make, thought required 
§ Curtains  



Laser Safety Calculations
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Wavelegnth:
Pulse 

Energy: 
Pulse 

Duration

Average 
Laser Power 

(J*hz)

Pulse Rep 
Rate

Initial Beam 
Diameter

Nominal 
Operational 
Divergance

Nominal 
Operational 

Altitude

Exposure 
Duration

MPE: Ocular 
Exposure (Table 

5.)

NOHD: Nominal Ocular 
Hazard Distance

Diffuse 
Reflection 

NHD

532 4.00E-03 6.50E-09 1.60 400 2.31E-03 6.00E-03 400 6.50E-09 5.00E-07 336.42 0.73
1064 6.00E-03 1.21E-08 2.40 400 2.31E-03 6.00E-03 400 1.21E-08 5.00E-06 130.29 0.28
532 4.00E-03 6.50E-09 1.60 400 2.54E-03 9.00E-03 300 6.50E-09 5.00E-07 224.28 0.73
1064 6.00E-03 1.21E-08 2.40 400 2.54E-03 9.00E-03 300 1.21E-08 5.00E-06 86.86 0.28
532 4.00E-03 6.50E-09 1.60 400 2.77E-03 1.20E-02 200 6.50E-09 5.00E-07 168.21 0.73
1064 6.00E-03 1.21E-08 2.40 400 2.77E-03 1.20E-02 200 1.21E-08 5.00E-06 65.15 0.28

532+1064 1.00E-02 1.21E-08 4.00 400 2.77E-03 1.20E-02 200 1.21E-08 1.09E-06 180.38 0.78

532 5.00E-03 6.00E-09 1.00 200 2.77E-03 1.20E-02 200 5.00E-09 5.00E-07 132.98 0.58

1064 1.50E-02 9.00E-09 3.00 200 2.77E-03 1.20E-02 200 5.00E-09 5.00E-06 72.84 0.32

532+1064 2.00E-02 6.00E-09 4.00 200 2.77E-03 1.20E-02 200 5.00E-09 1.54E-06 151.62 0.66

scan patern # altitude swath width
lateral 

spacing
forward 
spacing

beam divergance planned speed 
scanner 

frequency
MPE: Skin 
Exposure

Wavelength (um) Exposure Duration MPE Wavelength (um) Exposure Duration MPE
2 300 110 4 4 9 53.4976 6.71 0.532 10-9 to 18E-6 5.00E-07 2.00E-02 0.532 10-9 to 10-7 0.02
3 400 220 6 6 6 74.588 4.66 0.532 18E-6 to 10 1.30E-09 1.00E-01 0.532 10-7 to 10 1.1CA*t0.25

4 400 110 4 4 6 54.5264 6.85 0.532 10 to 104 1.00E-02 2.00E-02 0.532 10 to 3E4 0.20
5 400 220 7 7 6 86.9336 5.44 1.064 10-9 to 50E-6 5.00E-06 1.00E-01 1.064 10-9 to 10-7 0.10
6 200 110 3 3 12 37.0368 4.66 1.064 50E-6 to 103

3.99E-27 2.00E-02 1.064 10-7 to 10 1.1CA*t0.25

7 300 82 3 3 9 48.3536 6.85 1.00E-01 1.064 10 to 3E4 1.00
4.17E-02 532+1064

mrad meters

1.50E-02 3.00E-03
1.40E-02 2.92E-03
1.30E-02 2.85E-03
1.20E-02 2.77E-03
1.10E-02 2.69E-03
1.00E-02 2.62E-03
9.00E-03 2.54E-03
8.00E-03 2.46E-03
7.00E-03 2.38E-03
6.00E-03 2.31E-03
5.00E-03 2.23E-03
4.00E-03 2.15E-03
3.00E-03 2.08E-03
2.00E-03 2.00E-03

= reflectivity of viewed surface 
(expressed as 1 if not known)

= Column B

=Column D

=Column G

a   = Column F

Beam divergance scale

Formula for Column L

Big Sky Laser

Formula for column D Formula for column K

 ANSI Z136.1  Table 5 Maximum Permissible Exposure 
(MPE) for Ocular Exposure

 ANSI Z136.1  Table 7
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