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LASER CONTROLLED AREA
STANDARD OPERATING PROCEDURE (SOP)
CO, LASER SYSTEM

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

System description: PITER 1 - Picosecond Tearawatt CO2 Laser System

Location: Rooms C1&C2, Accelerator Test Facility, Bldg 820

LINE MANAGEMENT RESPONSIBILITIES

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

Owner/Operator:

Name: _Igor Pogorelsky Signature: %’rﬁ Date: M ,VAQ{'7
rd / 7

AUTHORIZATION

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

/2"’-’74/"‘{" u:éﬁ ves /;W g/c/o?

BNL LSO printed name Signature

Mchg e( 3. o w DP/Z“/07

ES&H Coordinator printed name Signature
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APPLICABLE LASER OPERATIONS

XX General Operation XX[! Alignment XX[ Service/Repair [ Specific Operation [J Fiber Optics

ANALYZE THE LASER SYSTEM HAZARDS

Hazard analysis requires information about the laser system characteristics and the configuration
of the beam distribution system.

LASER SYSTEM CHARACTERISTICS

Maximum
Laser Type ANSI | Power or
(Argon, COD. etc) Wavelengths | Class Energy/Pulse Pulse Length | Repetition Rate
CO2 oscillator 10 pm -+ 100 mJ/pulse 100 ns 1 Hz
CO2 preamlifier 10 pm 4 100 mJ/pulse 10 ns 0.2 Hz
CO2 regenerative 10 pm 4 100 mJ/pulse 3-200 ps 1 Hz
amplifier
CO2 final amplifier | 1oum 4 30 J/pulse 3-200 ps 1 pulse in 30 sec
Nd:YAG 1.064um 4 40m)J 14ps 3Hz
Nd:YAG 0.532um 4 5mJ 1-10ps 3Hz
(Alignment only) Beam Diam. | Serial #
HeNe (05-LHR-991) | 632nm B 30mW 0.3cm 9056DO
HeNe (1125) 632nm IIIB 30mW 0.3cm 6676
HeNe (05-LHR-151) | 632nm B 15mW 0.3cm 8317CR
HeNe (105-2) 632nm A 10mW 0.3cm 310312
HeNe (LSR2R) 632nm B 25mW 0.3cm 133-14337-2
HeNe (1144) 632nm 1B 30mW 0.3cm 1356487
HeNe (GLG5800) 632nm 1B 100mW 0.5cm 645
X Cryogen Use

Describe type, quantity, and use.

Several liters of LN2 in two vacuum traps
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[X] Chemicals & Compressed Gasses

Describe type, quantity, and use.

CO2 laser oscillator, preamplifier, and amplifier are supplied with CO2, N2, He gases from high-

pressure cylinders located outside the laser rooms. The greatest gas consumption is in the
amplifier: 1 m3 of the CO2:N2:He mixture (90% of this He) pressurized up to 116 psig. To
eliminate the possibility of accidental gas release to the laser room that may result in oxygen
deficiency, the amplifier is equipped with emergency exhaust relief lines to vent gas to the
outside. Conventional cleaning_solvents in_small plastic bottles (alcohol, acetone, stored in a
secondary containment in a cabinet outside the room).

SF6: used to fill PEN of laser amplifier HP-5 (SDI) to 1.3 atm, volume 300 liter, one-time
charge, normally need to add 0.1 atm monthly due to leakage. Ultimately, will be pumped to
atmosphere if access inside PFN is necessary. 10-liter SF6 cylinder is stored in C1 room.

Freons: Several lecture bottles are connected to a mixing manifold in C2 room. Freon mixture
includes: C4F8 (HC-318), FC-12, FC-1113, FC-115.

Mixed to certain proportion prescribed in literature, freons are filled into a optical cell with a
volume of ~10 ml at up to 100 torr pressure absolute. A filled cell is used as an optical filter
placed in the CO2 laser beam path. Freons do not degrade during operation or storage in the cell
which normally does not require a periodical refill. Mixing manifold, as well as an optical cell

after use, are pumped out with a vacuum pump which is vented to atmosphere.

CS,: A Kerr switch utilizing carbon disulfide is integrated into the optical path of the system.
The switch consists of a stainless steel cell with two potassium chloride windows sealed with
viton O-rings, and a fill port. Approximately 50 ml of carbon disulfide is sealed inside the cell
and illuminated by the CO, and YAG laser beams. A secondary containment and absorbent

material is located beneath the cell for spill control. Infrequently, the cell must be opened for
replacement of the windows or carbon disulfide, and must be performed with appropriate PPE.

X Electrical Hazards
Description (Describe the power supply to the system).

DC power supplies with the maximum capacity of 1.5 kW, 120kV. Upt to 1 MV of pulsed
voltage in pulse forming network and at the laser electrodes.

X Other Special Equipment
Description (Equipment used with the laser(s)).

Laser interlock shutters
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Laser System Configuration: Describe the system controls (keys, switch panels, computer
controls), beam path and optics (provide a functional/block diagram for complicated beam
paths).

PITER I operation is controlled by three main units:

1) Interlock Control and Logic Unit. The main control panel for this unit is located in room C2.
But its principal safety functions may be activated also from other Logic Units located in the
room C1, the Control Room, Experimental Hall and other ATF rooms. Emergency switches at
several convenient locations all around the ATF building permit immediate shut down of the
laser system in cases specified in the ATF Handbook.

2) Gas Control Unit includes control panels and manifolds located in room C2 and high bay area
and allows to fill and circulate gases in the PITER I components (oscillator, preamplifier, booster

amplifier) and in spark gaps of the pulse forming networks.

3) High Voltage and Trigger Control Unit that allows to energize and activate the PITER I
components in synchronism with the ATF YAG laser and linac. Certain controls and adjustments

can be duplicated remotely via ATF PC network using virtual instrument operators.

**See existing documentation ATF-0016 ""CO2 Laser Alignment Procedures' for optical
path diagram

DEVELOP CONTROLS
IDENTIFY ES&H STANDARDS

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

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

Laser Safety Subject Area

Brookhaven National Laboratory Environment Safety and Health Standard: 1.5.3
INTERLOCK SAFETY FOR PROTECTION OF PERSONNEL

ENGINEERING CONTROLS
[X] Beam Enclosures X Protective Housing Interlocks [] other
[X] Beam Stop or Attenuator [X] Key Controls

X Activation Warning System [] Other Interlocks

[] Ventilation [[] Emission Delay
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Describe each of the controls in the space provided below this text. Interlocks and alarm systems
must have a design review and must be operationally tested every six months. Controls
incorporated by the laser manufacturer may be referenced in the manuals for these devices.
Attach a copy of the design review documentation and a written testing protocol. Attach or
keep elsewhere any completed interlock testing checklists to document the testing history.

Engineering Controls Description:

Beam Enclosures: PITER I laser components and transport paths are entirely screened by pipes
or flat panel enclosures.

Beam Enclosure Interlocks: To prevent unauthorized removal of beam enclosures and access to
laser radiation, laser rooms are equipped by safety interlock system. This system, its testing
procedure and checklist are documented in attachments. In addition, part so the optical transport
system that may contain laser radiation when a room is not interlocked are padlocked.

Beam Stops: Optical shutters located at any laser beam exit from a laser room serve as beam
stops. They are operated using safety interlock and logic control units.

Key Controls: Key controls are installed into all critical control functions operation of which
may result in release of the laser radiation or in high-voltage, high-current hazards. These include
primarily: high-voltage power supplies for the laser equipment and laser safety shutter interlocks.
Activation Warning System: Illuminated warning signals are activated whenever a laser room is
interlocked. Intermittent audio warning signals additionally alert a laser operator about activation
of safety interlock or opening a laser shutter.

Protective Housing Interlocks: oscillator enclosure is _equipped with end switch to prevent
exposure to HV components (other HV power supplies are protected with padlocks.

A detailed description of the engineering controls and procedures are given in the following
documents: ATF Handbook Sections 1.3.3 "ATF Laser Interlock System" and 1.3.5 "Test

Procedure for ATF Laser Interlock Systems".

Also, see existing documentation LS-ATF-0001 "Inspection Procedure for CO2 TW Laser
Amplifier Pressure Vessel", and ATF-0017 (Maintenance procedures)

ADMINISTRATIVE CONTROLS

X Laser Controlled Area X signs X 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 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.
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Standard Operating Procedures (SOP) are required for laser system operation, alignment,
and maintenance. The SOPs need only contain the steps necessary to perform these tasks
and identify when and where posting and personal protective equipment is required. SOPs
must be approved by the BNL Laser Safety Officer and should be kept with this program
documentation.

Administrative Controls Description:

**SOP's: See existing documentation ATF-0015 "CO2 Laser Operation Procedures"

- Signs & labels. In addition to laser door interlocks, all doors to CO2 rooms have "DANGER -
LASER" signs that conform to BNL ESH standards. All lasers have vendor-specific labels. PPE

are located in the vestibule outside of the C2 room.
See Appendix A for safety guidelines for laser alignment

CONFIGURATION CONTROL

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

**See existing documentation ATF-0016 '"CO2 Laser Alignment Procedures'

PERSONAL PROTECTIVE EQUIPMENT

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

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

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

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

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

EYE WEAR REQUIREMENTS
: Appropriate Eye Wear***
Laser System Intra-beam | Diffuse | NHZ** (OD)
Hazard Wavelength oD op* (m)
o 2.3 (300) 4 NA
amplifier
e 29 5 Ma [7isirlolstz]s
preamplifier
Cco2 —
10.6 pm 3 52 NA
oscillator ; ;
YAGlaser | g6 um 5.7 27 o l1lrvlalrivlaly
radiation
nd
YaQZ 0.53 um 6 33 A R E N AR BN
harmonic

*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. For 10.6 pm:
Because these wavelengths will reflect mearly speculary from any flat surface,
diffuse optical densities were calculated as though for a "specular” beam, hence the
higher ODs. Because these beams are less likely to lose their spatial coherence, |
exposure to a given reflected beam for the full 600 s is highly unlikely.

**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). For 10.6 pm:
Because these wavelengths will reflect nearly speculary from any flat surface, the

NHZ extends the full distance of the controlled area. !

***Specified eyewear may not be the only possible option, but represents an |
approved choice; depending on other laser hazards present in the lab, other | 2
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.
e 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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Appendix A
Alignment Guidelines

Procedural Considerations

w

. To reduce accidental reflections, watches, rings, dangling badges, necklaces, reflective

jewelry are taken off before any alignment activities begin. Use of non-reflective tools should
be considered.

Access to the room/area is limited to authorized personnel only.

All unnecessary equipment, tools, have been removed to minimize the possibility of stray
reflections and non-beam accidents.

Persons conducting the alignment have been authorized by the RI

Alignment Methods to be used for this laser

all

o e

. Laser Protective Eyewear shall be worn at all times during the alignment, within the

parameters and notes established on the accompanying laser table.

There shall be no intentional intrabeam viewing with the eye.

Co-axial low power HeNe lasers should be used when practical for alignment of the primary
CO2 beam. '

Reduce the beam power through the use of 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.

The LSO has authorized reduced optical density eyewear to allow the beam spot to be seen.
Measures shall be taken and documented to ensure that no stray hazardous specular
reflections are present before the lower OD eyewear is worn. A return to the Maximum OD
eyewear as listed in the laser table will be made when the alignment is complete. The
eyewear is labeled as alignment eyewear and is stored in a different location than the
standard laser eyewear for this operation.

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.

Any stray or unused beams are terminated.

Pulsed lasers are aligned by firing single pulses when practical.

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.



