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LASER  Safety Handbook

 For safe use of 

DeepPIV system with Coherent Laser on ship deck
Monterey Bay Aquarium Research Institute
XX/XX/XXXX: Initial Release
Objective: the objective of this manual is to provide reasonable and adequate guidance for the safe use of 2 W, 639 nm laser system on ship deck for pre-deployment testing. 
Scope: The scope of this manual is limited to laser safety; it does not cover the operational instruction on laser tuning and maintenance. 
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Subsystem Description – Laser Source(s) 

· Manufacturer: 

Coherent Inc. Santa Clara, CA
· Part number:

1309019

· Model:         
Genesis Taipan HD 639-2000 STM OPS OEM Laser-Diode Head 
· Serial number(s): 
R513556CJ429; R51356CJ442

Optical specifications (1), laser without collimator and injector:

· Wavelength:                           

639.5+/-1 nm
· Bandwidth: 



<0.5 nm

· Visual color: 



Red

· Optical power, max:


2000 mW  
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Head type (STM/ MTM): 

STM
· Operating mode:                     

CW
· Beam waist diameter (FW, 1/e2):
0.25 mm 

· Beam waist location:


-40 mm
· Beam divergence (FW, 1/e2):

6 mrad
· M2 (horizontal/vertical):

<1.5

· Laser Class (by manufacturer):
4

Optical specifications (2), laser with injector attached:

· Beam waist diameter (FW, 1/e2):
0.025 mm
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Beam waist location:


-10 mm

· Beam divergence (FW, 1/e2):

200 mrad (0.1 NA)
Optical specifications (3), laser with light sheet forming optics 

· Beam waist, at lens (FW, 1/e2):
1.2 mm

· Beam divergence, x-axis, far field
2.4 mrad
· Beam far field threshold: 

~ 500 mm

· Beam divergence, y-axis (FW)
1.0 rad (60º)
· Beam waist location:


-35 mm

Applicable Safety Standards

ANSI Z136.1-2014 American National Standard for Safe Use of Lasers. (Safety Office Copy)
NOTE: Copies of ANSI publications can be obtained in the electronic form via ANSI’s Electronic Standards Store (http://webstore.ansi.org/), tel: 212-642-4931, or hard copies from Global (http://global.ihs.com), tel: 800-854-7179 or 303-397-7956.

Structure of this manual follows the ANSI Z136.1-2014 booklet, using similar nomenclature, topics, applicable subsections, tables, and equations. Operational parameters of the system have been defined, and the results have been calculated within each applicable section and subsection.  
1. General

1.1 Scope. 

ANSI Z136.1-2000 provides recommendations for the safe use of lasers and laser systems that operate at the wavelength between 180 nm and 1000um. 

1.2 Application. 

The objective of this standard is to provide reasonable and adequate guidance for the safe use of lasers and laser systems. A practical means for accomplishing this is to (1) classify lasers and laser systems according to their relative hazards; and (2) specify appropriate controls for each classification. 

The basis of the hazard classification scheme in Section 3 is based on the ability of the primary laser beam or reflected primary laser beam to cause biological damage to the eye or skin during use. Accordingly, 

a) Class 1 Laser System: considered to be incapable of producing damaging radiation levels, and exempt from any control measures. Note 2: a common example of Class 1 laser system is the one that includes am embedded higher class laser, but during normal operation presents no laser radiation hazard to the user 
b) Class 1M Laser System: considered to be incapable of producing hazardous exposure conditions during normal operation unless the beam is viewed with collective optics (e.g. telescope) and is exempt from any control measures other than to prevent potentially hazardous optically aided viewing 
c) Class 2 Laser System: emits in the visible portion of the spectrum (400-700nm) and eye protection is normally afforded by the aversion response. 

d) Class 2M Laser System: emits in the visible portion of the spectrum (400-700nm) and eye protection is normally afforded by the aversion response for unaided viewing (potentially hazardous if viewed with collecting optics (e.g. telescope)

e) Class 3R Laser System: has reduced control requirements and is potentially hazardous under some direct and specular reflection viewing conditions if the eye is appropriately focused and stable, but the probability of an actual injury is small. This laser will not pose either a fire hazard or diffuse reflection hazard. 
f) Class 3B Laser System: may be hazardous under direct and specular reflection viewing conditions, but is normally not a fire hazard, diffuse reflection hazard, nor a laser generated air contaminant (LGAC) production hazard. 
g) Class 4 Laser System: is a hazard to the eye or skin from direct beam, may pose a fire hazard or diffuse reflection hazard, and may also produce LGAC and hazardous plasma radiation (Section 7).
Lasers or laser systems could be designated for a specific class by a manufacturer. In case the laser or laser system classification is not provided, or where the class level may change because of addition or deletion of optical elements and/or engineering control measures (see 4.3 and 4.4.2), the laser or laser system shall be classified by the LSO according to Section 3, Section 9, or both.  
The recommended step-by-step procedure for using ANSI Z136.1-2014 standard is as follows:
(1) Determining the appropriate class of laser (manufacturer classification, or calculate MPE / use tables in Sections 8, evaluate hazard; evaluate extended source viewing conditions apply)
(2) Complying with the safety measures specified for that class of laser or laser system per Table 1-1 (see table page3) 
Table 1-1 

(Legend: R= required; NR=Not Required; AD=Application Dependent)

Class 1: Control Measures (NR); Training (NR); LSO (NR); Engineering Controls (NR) 

Class 1M: Control Measures (R); Training (AD); LSO (AD); Engineering Controls (AD) 

Class 2: Control Measures (NR); Training (NR); LSO (NR); Engineering Controls (NR) 

Class 2M: Control Measures (R); Training (AD); LSO (AD); Engineering Controls (AD) 

Class 3R: Control Measures (NR); Training (NR); LSO (NR); Engineering Controls (NR) 

Class 3B: Control Measures (R); Training (R); LSO (R); Engineering Controls (R) 

Class 4:   Control Measures (R); Training (R); LSO (R); Engineering Controls (R) 

1.3 Laser Safety Programs

1.3.1 General: Management (employer) has the fundamental responsibility to ensure the safe use of the lasers owned by and/or operated in facilities under its control. Employer and/or facility safety programs and employee training programs shall be provided for Class 3B or Class 4 laser systems; as well for embedded Class 3B or Class 4 laser systems where beam access by employees is required during maintenance and/or service. 
1.3.2 Laser Safety Program Provisions: laser safety program established by employer shall include the following provisions:
a) Designation of an individual as the Laser Safety Officer (LSO) with the authority and responsibility to effect the knowledgeable evaluation and control of laser hazards and implementation of appropriate control measures, as well as to monitor and enforce compliance with standards and regulations (Appendix A of ANSI Z136.1-2014  publication).
b) Education of authorized personnel (LSO, operators, service personnel, and others) in safe use of lasers and laser systems. 

c) Application of adequate control measures for the mitigation of laser hazards as required in Section 4 (or ANSI Z136.1-2014 publication).
d) Incident investigations, preparation of preventive action plans.
e) Appropriate medical examinations (section 6 and Appendix F or ANSI Z136.1-2014 publication).
f) Formation of Laser Safety Committee when the number, hazards, complexity and/or diversity of laser activities warrant (Appendix A).

1.3.3 Personnel responsibilities (summary): Employees who work with lasers or laser systems and their supervisors have responsibility for establishing the safe use of those lasers within their purview. Purchasing laser system: coordinate with LSO. Installing, fabricating, altering Class 3B or Class 4 laser system: coordinate with LSO (Appendix A3)
2. Definitions and Acronyms (partial list)
Accessible Emission Limit (AEL). The maximum accessible emission level permitted within particular laser hazard class. 

Accessible Laser Radiation. Laser radiation emitted from a laser that is compared with AEL to determine its hazard class. Includes accessible radiant energy and power. 
Administrative Control Measure: control measures incorporating administrative means (training, safety approvals, LSO designation, and Standard Operating Procedures [SOPs]) to mitigate the potential hazards associated with laser use. 
Aperture. An opening, window, or lens through which radiation can pass. The aperture limits the energy or power for measurement of exposure. 
Authorized personnel. Individuals approved by management to operate, maintain, service, or install laser equipment. 

Aversion Response: Closure of the eyelid, eye movement, pupillary constriction, or movement of the head to avoid exposure to a noxious or bright light stimulation. In this standard, the aversion response to an exposure from a bright, visible, laser source is assumed to limit the exposure of a specific retinal area to 0.25 s or less. 

Beam diameter: the distance between diametrically opposed points in that cross-section of a beam where the power or energy is 1/e (0.368) times that of the peak power or energy.
Bead Divergence: Increase in in the diameter of the laser beam with distance from beam waist, based on the full angle at the point where the irradiance is 1/e times the maximum value.
Beam waist. The minimum diameter, in centimeters, of a focused, axis-symmetric beam. For non-symmetric beams, there may be a beam waist along each major axis, each at a different distance from the source. 

Collecting optics. Lenses or optical instruments having magnification and thereby producing an increase in energy or power density. Such devices may include telescopes, binoculars, microscopes, or loupes. 

Collimated beam. Effectively, a “parallel” beam of light with very low divergence or convergence. 

CW, continuous wave. In this standard, a laser operating with or modeled as having a continuous output for a period ≥ 0.25 s is regarded as a CW laser. 

Control measure. A means to mitigate potential hazards associated with the use of lasers. Control measures can be divided into three groups: engineering, procedural (administrative), and personal protective equipment (PPE)

Controlled Area. An area where the occupancy and activity of those within is subject to control and supervision. 
Embedded laser. An enclosed laser that has a higher classification than the laser system in which it is incorporated, where the system’s lower classification is appropriate due to the engineering features limiting accessible emission. 
Enclosed laser. A laser that is contained within a protective housing of itself or of the laser or laser system in which it is incorporated. Opening or removal of protective housing provides additional access to laser radiation above the applicable MPE that possible with the protective housing in place. 
Engineering control measure. Control measure designed or incorporated into the laser or laser system (e.g., interlocks, shutters, watch-dog timer) or its application.

Extended Source. A source of optical radiation with an angular subtense at the cornea larger than αmin.
Intrabeam viewing. The viewing condition whereby the eye is exposed to all or part of laser beam.
Iris. The annular pigmented structure that lies behind the cornea of the human eye. The central opening is pupil. 
Laser. A device that produces radiant energy predominantly by stimulated emission. Laser radiation could be highly coherent temporary, or spatially, or both. An acronym for Light Amplification by Stimulated  Emission of Radiation. 

Laser Safety Officer (LSO). One who has the authority and responsibility to monitor and enforce the control of laser hazards, and effect the knowledgeable evaluation and control of laser hazards. 

Maximum Permissible Exposure (MPE). The level of laser radiation to which an unprotected person may be exposed without adverse biological changes in the eye or the skin.
Nominal Hazard Zone (NHZ). The space within which the level of direct, reflected, or scattered radiation may exceed the applicable MPE. Exposure levels beyond the boundary of the NHZ are below the applicable MPE. 
Optically aided viewing. Viewing with a telescopic (binocular) or magnifying optic. Under certain circumstances, viewing with an optical aid can increase the hazard from a laser beam (see also telescoping viewing, magnified viewing).
Optical Density (OD). The logarithm to the base ten of the reciprocal of the transmittance at the particular wavelength: D (λ) = log10 [1 / T (λ)].
Personal Protective Equipment (PPE). Personal safety protective devices used to mitigate hazards associated with laser use [e.g., laser eye protection (LEP), protective clothing, and cloves]. 

Point source. For purposes of this standard, a source with an angular subtense at the cornea equal to or less than alpha-min (αmin), i.e., ≤ 1.5 mrad. 
Protective Housing. An enclosure that surrounds the laser or laser system and prevents access to laser radiation above the applicable MPE. The aperture through which the useful beam is emitted is not part of protective housing. The protective housing limits access to other associated radiant energy emissions and to electrical hazards associated with components and terminals, and may enclose associated optics and workstation. 

Pupil. The variable aperture in the iris through which light travels to the interior of the eye.  

Shall. The word ‘shall’ is to be understood as mandatory. 

Should. The word ‘should’ is to be understood as advisory. 

Spectator: An individual who wishes to observe or watch a laser or laser system in operation, and who may lack the appropriate laser safety training. 
Standard Operating Procedure (SOP). Formal written description of the safety and administrative procedures to be followed in performing a specific task. 

Uncontrolled area. An area where the occupancy and activity of those within is not subject to control and supervision for the purpose of protection from radiation hazards. 

3. Hazard Evaluation and Classification. 

Three aspects of the application of a laser or laser system influence the total hazard evaluation and influence the application of controlled measures:

a) The laser system’s ability of injuring personnel or interfering with task performance.
b) The environment in which the laser is used, including access to beam path (considering enclosures, baffle, beam, etc.).  

c) The personnel who may use or be exposed to laser radiation. 

The laser hazard class is based on the laser's capability of injuring personnel (first half of aspect a) above). All lasers or laser systems shall be classified according to their accessible radiation during operation. 

Aspects b) and c) vary with each laser application and cannot be readily standardized. The total hazard evaluation procedure shall consider all aspects, although in most cases only aspect a) influences the control measures that are applicable. 

Only personnel trained in laser safety, optical engineering, physics or a related field are suited to perform the detailed hazard evaluation computations or the classification determinations of a laser or laser system as outlined in this section. In some instances, the LSO may not possess these qualifications, and may choose to delegate (effect) this responsibility. When this occurs, such evaluations are to be performed only by individuals who, as a result of training or experience, can provide knowledgeable technical assistance. Only then can the LSO be assured that the calculations and risk determinations will be accomplished correctly. Note that errors in such analysis could result in the specification of inadequate controls and present potentiality hazardous conditions to personnel in the laser area.

Hazard Evaluation: Calculation of MPE for 639 nm laser
To calculate MPE, we will consider 2 cases of laser light exposure during operation, (1) unintended exposure to collimated laser beam, and (2) intended exposure to diffusely scattered laser light:
(1) Unintended exposure to the collimated beam, such as main laser beam or stray beam formed by specular reflection on an optical element. In terms of ANSI Z136.1-2014, this case corresponds to intrabeam viewing of the source which could be point source, or extended one. To check this, we calculate the angular subtense (α\) of the source at the location of cornea and compare it with αmin. For laser without collimator and injector, the size of the source is effectively beam waist diameter, and distance is a sum of beam waist location (see page 1), and 100 mm distance from closest point of human access which is standard parameter (see page 19 of ANSI Z136.1-2014): 
Angular subtense (100 mm):  α = 0.25 mm / (100 mm + 40 mm) = 1.785 mrad
This value we compare with αmin = 1.5 mrad from Table 6b (page 84 of ANSI Z136.1-2014). Although angular subtense is slightly larger than αmin, we will consider the source as point source (condition α  < αmin ), based on the fact that angular substance is reaching αmin  at the distance of: 

Distance from beam waist = 0.25mm / 0.0015 rad = 166 mm

Which corresponds to the distance from a front face of the laser of 166mm - 40mm = 126mm. At all points located further out from the face of the laser, the angular subtense is going to be smaller than αmin  (1.5mrad). For instance, at 1000mm distance, the angular subtense is going to be:
Angular subtense (1000mm):  α = 0.25 mm / (1000 mm + 40 mm) = 0.24 mrad

To consider the light source as a point source, the assumption therefore is that the human is never going to look purposefully into the laser head output, from the distance closer than 126mm.  In case of unintended exposure, we will use exposure time equal to the aversion response time 0.25s (Table 2 on a page 74 of ANSI Z136.1-2014). MPE for energy and power can calculated using equation from Table 5b for a Point Source, 0.400 to 0.700 um, 18 x 10-6 to 10 s exposure time, and t = 0.25s: 
MPE [J/cm2] = 1.8 x t 0.75 x 10 -3 = 1.8 x 0.25 0.75 x 10 -3 = 6.36 x 10 -4 J/cm2
MPE [mW/cm2] = MPE [J/cm2] x 1E3 /t [s] = 6.36x10-04 x 1E3/0.25 = 2.5 mW/cm2
(2) Intended, or purposeful, exposure to diffusely scattered light resulting from, for instance, observing beam path in the water tank, or scattering from power meter internal cone, or the target. Considering the size of the illuminated spot or pattern, distance, and non-coherent nature of scattered light, in most cases, the source is going to be extended one. For instance, viewing a 2 mm diameter laser light spot on the target, at the distance of 500 mm, the subtense angle is going to be: 

Angular subtense = 2 mm/500 mm = 4 mrad
This is larger than 1.5mrad. All larger sports and patterns (such as scattering path of the beam in the tank) are going to yield larger angular subtense values, representing extended light source. To calculate the MPE for Extended Source per table 5e (page 81 of ANSI Z136.1-2014), we need first to find correction parameter CE and time T2 per table 6b (page 84 of ANSI Z136.1-2014): 

CE = α / αmin= 4 mrad / 1.5mrad = 2.66
T2 [s] = 10 x 10 (4mrad-1.5mrad)/98.5 = 10.6 s

Now, we can calculate conservative MPE for exposure time t range from 50us up to time T2, using maximum exposure at t = T2 = 10.6 s and equation for MPE from Table 5e (page 81 of ANSI Z136.1-2014), 600-700 nm line:
MPE [J/cm2] = 1.8 x CE x t 0.75 x 10 -3 = 1.8 x 2.66 x10.6 0.75 x 10 -3 = 0.028 J/cm2

MPE [mW/cm2] = MPE [J/cm2] x 1000 / t = 0.028 x1000 / 10.6 = 2.6 mW/cm2
At all times t below T2 = 10.6 s, MPE is going to be larger, for instance repeating calculation of MPE for 0.25s, 1.0s, and 5s, we get: 
MPE [mW/cm2] (t = 0.25s) = 6.7 mW/cm2
MPE [mW/cm2] (t = 1.00s) = 4.8 mW/cm2
MPE [mW/cm2] (t = 5.00s) = 3.2 mW/cm2
On the other hand, at exposure time t exceeding T2 (10.6s), to 30,000 s exposure, representing 8.33 hours of continuous exposure (more than enough to represent a work day), the MPE per Table 5e (page 81 of ANSI Z136.1-2014) is going to be: 

MPE [mW/cm2] = 1.8 x CE x T2 -0.25 = 1.8 x 2.66 x10.6 -0.25 = 2.6 mW/cm2
Which is exactly the conservative estimate of the MPE for t = T2 = 10.6 s above. 
From equations listed, it is easy to see that with larger angular subtense representing larger apparent visual angle thus ‘more extended’ light source, the maximum permitted exposure is going to be higher. For instance, repeating calculations for α= 100 mrad, we get the following:  

CE = α / αmin= 100 mrad / 1.5mrad = 66.6

T2 [s] = 10 x 10 (4mrad-1.5mrad)/98.5 = 100 s

MPE [mW/cm2] = 1.8 x CE x T2 -0.25 = 1.8 x 66.6 x 100 -0.25 = 37 mW/cm2
Further on, to evaluate NHZ, and classify laser for given use case, we are going to use conservatively the lowest MPE value of 2.5 mW/cm2 calculated so far, and to calculate AEL for unaided ocular viewing, we will use 7 mm pupil aperture and 0.385 cm2 area (Table 8b on page 80): 

MPE [mW/cm2] = 2.5 mW/cm2
AEL [mW] = 2.5mW/cm2 * 0.385 cm2 = 0.96 mW
To summarize, those values are going to cover conservatively the following cases and assumptions:  

· Unintended exposure to a 639nm collimated beam formed by a “point source”, with 0.25s max exposure representing natural aversion response time and distances further than 126mm from the face of the laser head.
· Intended exposure to diffusely scattered 639nm beam representing extended source with apparent visual angle larger than 4 mrad angular subtense, and continuous exposures up to 30,000s (8.33 hours).
· In either case, the unaided unmagnified ocular viewing is assumed. 

· The collimated beam from point source is representing higher hazard compare to emission from extended source, requiring natural aversion response to interrupt exposure
· The scattered beam from extended source reduces hazard, allowing extended continuous exposures on a scale of duration of a typical work day. 

Hazard Evaluation: classification and NHZ - 639 nm laser
We will evaluate the hazard, calculate NHZ, and determine laser class for system configuration (3), laser with light sheet forming optics. Refer to page 1 for optical specifications for this configuration. For hazard evaluation, we are going to use conditions listed in Tables 8b and 9 (page 90 of ANSI Z136.1-2014):

Wavelength: 400-700nm

Exposure: 10-13 to 30,000s

Condition 2 - Unaided (naked eye) Viewing

Aperture Diameter = 7.0 mm
Measurement Distance = 100 mm

Area of Limiting Aperture = 0.385 cm2
(A)  Full power operation (2W CW)
Laser with light sheet forming optics. This case represents light sheet forming optics attached to the fiber optic output, and installed into the underwater housing, thus the negative value for beam waist location represent the optics behind the optical window; furthermore the laser beam is not round but has different divergence in X- and Y-axis (see page 1 for specifications). We are going to use measuring distance and aperture listed in the tables 8b and 9 on page 89 of ANSI Z136.1-2014. We are going to use the same initial beam waist diameter for beam size in X-axis since measuring distance is well within near field range; and calculate the Y-axis beam size using divergence and distance. Then, we are going to calculate accessible laser radiation by scaling full power to the ratio of measuring aperture to beam size; and then classify the system by compering to accessible emission limits of appropriate laser hazard classes
Beam Size X-axis (under 500 mm distance) ~ 1.2 mm

Beam Size Y-axis (at 100 mm) = 1 rad x (35 mm + 100 mm) = 135 mm

Accessible Laser Radiation [mW] = 

= P [mW] / Beam Size Y-axis [mm] x Measuring Aperture [mm] = 

= 2000 / 135 x 7 = 103 mW 
Class 3R AEL NTE 5mW < 103 mW < Class 3B AEL NTE 500mW 

System is Class 3B
Calculation of NHZ in case of asymmetric beam is not trivial since the beam size in X-axis could be smaller, or larger than measurement aperture, depending on the distance. Therefore, let’s first calculate at what distance the beam fully fills the aperture in X-axis. Since the NHZ is likely located in far field for X-axis, beam size calculation now needs to include divergence. Solving equation for distance Z, we find the distance where beam fully fills the 7mm measurement aperture in X-axis; then we can calculate accessible laser radiation at that distance: 

Beam Size X-axis (Z [mm]) = 1.2 mm + 0.0024 rad x (Z [mm] – 500 mm) = 7 mm 
=>    Z = 2916 mm 

Beam Size Y-axis (Z[mm]) = 1 rad x (Y [mm]) = 

= 1 x 2916 mm = 2916 mm = 291.6 cm

Accessible Laser Radiation [mW] (Z [mm]) = 

= P [mW] / Beam Size Y / Beam Size X-axis x Area of Limiting Aperture [cm2] = 

= 2000 / 291.6 / 0.7 * 0.385 = 3.77 mW
Obviously, the accessible laser radiation level at this distance is still higher than Class 1 AEL; so the NHZ is extended further out from distance Z. But now calculation is going to be simple since beam fills measurement aperture in both X- and Y- axes; so further out the irradiance is going to be reduced inversely proportional to the square of the distance; and distance can be scaled to the root of the ratio accessible laser radiation to desired accessible emission limit: 
Nominal Hazard Zone Distance for Light Sheet =

= RNOHD [cm] = 291.6 cm x (3.77 mW / 0.96 mW) ½ = 578 cm ~ 5.8m
To operate in this mode on the deck of research vessel, appropriate Class 3B control measures shall be implemented (see page 3):

Class 3B: Control Measures (R); Training (R); LSO (R); Engineering Controls (R)

(B) Deduced operating power operation and re-classification.
In this section, we will consider reduction in laser operating power needed to reduce the laser hazard with appropriate regulatory re-classification. In the previous section we estimated the Accessible Radiation at full power to be: 

Accessible Laser Radiation [mW] (at 2000mW emission level) = 103 mW 
Taking into account the next lower class 3R AEL to be 5mW, lets calculate how much the laser output needs to be reduced in order to bring the laser into class 3R hazard level: 
Laser Power Reduction (K Class 3R ) = 

= Class 3R AEL [mW] / Accessible Laser Radiation [mW] (at 2000mW emission level) = 

= 5mW / 103mW ≈ 4.8% 
Reduced Laser Power (Class 3R) = 2000mW x 0.048 = 96 mW 

To verify the calculation, let’s repeat the calculation for K Class 3R laser power reduction: 
Accessible Laser Radiation [mW] (at K Class 3R )= 

= P [mW] * K Class 3R / Beam Size Y-axis [mm] x Measuring Aperture [mm] = 

= 2000mW * 0.048 / 135mm x 7mm = 4.98 mW 
4.98 mW < Class 3R AEL NTE 5mW 
=> System is Class 3R
Control measures requirements for Class 3R (refer to Table 1-1 on page 3): 

Class 3R: Control Measures (NR); Training (NR); LSO (NR); Engineering Controls (NR) 

4. Control Measures. 

Not required for Class 3R

5. Education and Training. 

     Not required for Class 3R
// continue to next page

Standard Operating Procedures (SOPs)
(1) Operation on Deck with 96mW 639nm Reduced Laser Power Mode (Class 3R). Laser light sheet is formed and projected along ship deck to the target, for instance a calibrating assembly. Beam paths between laser head and injector, and between collimator and laser sheet forming optics are enclosed. The system is in Deck Operating Mode. Spectators, or other personnel not immediately involved with the laser system could be present (refer to figures Appendix 1)
Reduced Laser Power Mode specification: 

· Maximum optical power: 96 mW; 

· Laser Power Reduction (K Class 3R) = 4.8%
· Accessible Laser Radiation: ~ 5 mW. 
· The system is Class 3R in the Reduced Laser Power Mode. 
Rules to follow:

· Class 3R: Laser Controlled Area is not required.
· Laser shall to be run at Reduced Laser Power Mode at all times.
· Remote Head Protective Cap shall be only be removed for duration of the alignment procedure.
· Constant supervision of system during operation is required. No unattended operation.
· Whenever possible, orientation of the laser should be downward, and away from reflective surfaces.
· Use of any optics for visual observation anywhere in the Light Sheet Path (such as microscopes, binoculars, loups, SLR cameras etc.) is strictly prohibited. (Reflected light hazard TBD)
· Avoid looking directly into beam paths. If exposed to collimated beam, close eyes or look away immediately (0.25 s nominal natural aversion response time).
· Only authorized and trained personnel can operate the system.

· Spectators could be present. 
· Ship deck personnel could be present. 

Implementation:
· Software: clearly visible software controls: 

· “Reduced Laser Power Mode”
· “Interlock/ LASER Disable”

· Hardware and software: default configuration on system boot-up

· “Reduced Laser Power Mode” mode enabled 
· “Interlock/ LASER Disable” mode enabled
· Hardware: 
· Optical power Not-To-Exceed 96mW when Reduced Laser Power Mode is enabled.
· Independent real-time monitoring of true optical power is desirable
· Pump diode current (even under lasing threshold)  is prohibited when “Interlock/ LASER Disable” mode is enabled
· Laser Head Protective Cap – rated for full power? 
· Barrier to be employed to prevent spectators (potentially equipped with optical aids such as microscopes, binoculars, loups, SLR cameras etc.) exposure to direct laser light. 
Appendix 1. 
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Fig.1. DeepPIV camera and laser head installed on ROV manipulator (R/V Western Flyer)	
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Fig.2. Deep PIV system on ROV (R/V Western Flyer)	
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Fig.3. Deep PIV system on ROV manipulator (R/V Western Flyer)	





�


Fig. 4. 3D model of Deep PIV system installed on ROV manipulator (R/V Western Flyer)
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Fig. 5 and 6. Top and front views, respectively, of Deep PIV system installed on ROV manipulator (R/V Western Flyer). 


Legend items: 


1: Laser Head; 2: Camera Housing; 3: DeepPIV Alignment Assembly; 4: Laser Sheet; 5: Direction of light propagation; 


6: Light Propagation Barrier 
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