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Introduction

The Keck Observatory is procuring a Lockheed Martin – Coherent Technology 20W quasi-CW sodium laser system for the Keck 1 Telescope located on the top of Mauna Kea, Hawaii.  The laser will provide an artificial beacon or guide-star by exciting sodium atoms in the mesosphere, 90km to 100km above sea level.  This artificial guide-star is used by the K1 Adaptive Optics System to improve astronomical observations by removing distortion from atmospheric turbulence.  The LGSAO system will require a safety system to assure the laser system is operating in a safe manner for personnel as well as equipment.  The LGS safety system is part of a larger system called the K1 Laser Guide Star Adaptive Optics System.  The document provides the requirements for the LGS Safety System.  This document does not include the safety system that is operating within the procured LMCTI laser.
1. Definitions

1.1. Requirements

Throughout this document a unique number in the form “LGS-SS-XXX” for ease of reference usually identifies requirements.  However, the absence of such a number shall not be construed as meaning that something is not a requirement if it otherwise appears to be mandatory.  An index to the requirement numbers may be found at the end of this document.

The laser safety system must meet all requirements given in this document.

1.2. Goals

This document may also establish various goals to set the target for achievement of performance or the provision of additional features and functions.  Items specifically identified as “goals” are not requirements that must be met by the SS but it is expected SS satisfy as many of the goals as possible.  The word goal is usually in boldface to help differentiate goals from requirements.

References

1.3. Referenced Documents

Documents referenced in the requirements are listed in Table 1.  Copies of these documents may be obtained from the source listed in the table.

	Ref. #
	Document #
	Revision or Effective Date
	Source
	Title

	1
	Keck ES & H Book
	Dated 9.18.2000
	WMKO
	ES&H Book (Environmental, Safety and Health Book

	2
	ANSI Z136.6
	2005
	ANSI
	Safe Use of Lasers Outdoor

	3
	ANSI Z136.1
	2000
	ANSI
	Safe Use of Lasers 

	4
	Safety Interlock Test Plan 1
	
	WMKO
	K2 Laser Interlock Test Plan

	5
	KAON213
	Ver 2.
	WMKO
	Use of Aircraft Spotters

	6
	KAON 214
	Ver 4.
	WMKO
	FAA Notification of Our Proposal to Conduct Outdoor Laser Operations

	7
	Laser_in_dome_propagation.doc
	
	
	Laser In Dome Propagation (K2)

	8
	ESTOP.doc
	
	WMKO
	Laser E-stop Operation and Recovery (K2)

	9
	Laser Interlock Inspection Checklist
	
	WMKO
	Inspection Checklist for performing interlock testing (K2)

	10
	Laser Audits
	
	WMKO
	Laser Audit list for K2.

	11
	GEM00417_B_CTI_Req.v02.91.pdf
	2.91
	Gemini
	Requirements for Gemini South and Keck 1 Laser Systems


Table 1.  Reference Documents

1.4. Acronyms/Abbreviations

	Acronym/Abbreviation
	Definition

	ANSI
	American National Standards Institute

	AO
	Adaptive Optics

	LGS
	Laser Guide Star

	LGS AO
	Laser Guide Star Adaptive Optics

	LTA
	Launch Telescope Assembly

	OSHA
	Occupational Safety and Health Administration

	MPE
	Maximum Permissive Exposure

	TBD
	To Be Determined

	WMKO
	W.  M. Keck Observatory

	MSDS
	Material Safety and Data Sheets

	SS
	Safety System

	LMCTI
	Lockheed Martin Coherent Technology Incorporated

	E-STOP
	Emergency Stop

	BTO
	Beam Transport Optical

	
	

	
	

	
	

	
	

	
	


Table 2 Acronyms and Abbreviations

2. Performance Requirements

2.1. Mechanical

2.1.1. Operating Environment
All components of the Safety System shall meet all of the performance specifications after being subjected to any number of cycles of any of the operating environments defined in Table 3.   These represent environments associated with normal telescope activities including but not limited to storage and handling within the facility and installation and removal from the telescope.                            
2.1.1.1.1. 0X  SEQ 0X \* ARABIC 
	Parameter
	Min.
	Typ.
	Max.
	Units
	Notes

	Altitude
	0
	-
	4300
	m
	

	Temperature
	-10
	0
	20
	ºC
	1

	Temperature Rate of change
	-0.8
	-
	0.8
	ºC/h
	

	Humidity
	0
	-
	90
	%
	2

	Gravity orientation
	-
	-1
	-
	g
	3

	Vibration
	-
	-
	1.0x10-5
	g2/Hz
	4

	Shock
	-
	-
	15
	g
	5

	Acceleration due to seismic activities
	-
	-
	2
	g
	6


Table 3  Operating Environment

Notes:

1. Typical value is the average annual temperature.

2. Relative, non‑condensing.

3. Normal to the earth’s surface.

4. 20-1000Hz, 6db/oct drop- off to 2000Hz.

5.  0.015 second half-sine, all axes.

6. 0.5 Hz to 100Hz, all axes.

2.1.2. Size Constraints
The SS shall not be larger than 2’W x 3’H x 1’D.
2.1.3. Mass Constraints
The SS shall have a mass constraint of 20 Kg.

2.1.4. Heat Dissipation into the Environment

The SS shall not radiate more than 500W into the LSE.

2.2. Electrical/Electronics

2.2.1. Electrical Power
The Safety System shall use 110 AC electrical power and shall require < 500W.

3. FUNCTIONAL REquirements

The K1 Laser System is comprised of a LMCTI laser which is housed in a laser service enclosure on the right nasmyth platform, a beam transfer optics system relaying the laser beam from the right nasmyth platform to the secondary module, and a launch telescope assembly that sits in the secondary module (Figure 1. Laser System Location).  The hazards are confined to these areas except when the beam is propagated openly into free space.
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Figure 1. Laser System Location

Laser hazards can take the forms of radiation, fire, and electrical exposure for personnel and hazards for equipment.  The safety system will address the hazards in terms of these exposures and documentation that assist with minimizing hazards and compliance with operation of a laser.  The implementation to address the hazards can be engineering and/or procedural.  This document does not address how the implementation is done except for specific areas where the necessary controls are clearly defined.
3.1. Laser Radiation
Under normal operating conditions, laser radiation will only be emitted at the exit of the laser aperture behind the secondary module.  Personnel at the observatory will not be exposed to this radiation unless someone is standing directly at the exit aperture and looking directly into the beam. During normal operations, laser radiation is a concern for occupants in aircrafts that can fly into the path of the beam.  This will be addressed in the FAA laser propagation plan.  

During maintenance or alignment, personnel will be exposed to laser radiation due to the removal of environment controls such as covers.  During these operations, personnel must not be exposed to the maximum exposure levels (MPE) as defined by the ANSI standards (ref 2, 3) and beam hazard analysis.  
3.1.1. Laser Service Enclosure

The LMCTI laser is housed in the laser service enclosure.  No laser radiation is to be emitted from the laser service enclosure during entry or exit of authorized personnel.

3.1.2. Secondary Module Location

The safety system will not allow laser emission into the dome from the secondary area without a direct mechanical actuation of a bypass switch.

Any radiation at the secondary module must be controlled or confined in order for personnel to work in the dome without being affected by the radiation.  Some areas in the dome may be off limits during laser maintenance and alignment.  Any procedure control shall be provided to summit staff (ref 7).
3.1.3. Status Indication

The safety system will provide laser status at the entry of the laser service enclosure, the secondary module, and entry to the dome at the floor level.

3.1.4. Protective equipment

Appropriate protective gear must be available and worn by personnel during laser maintenance and alignment.  Eyewear must be available for appropriate wavelength and exposure levels.

3.1.5. Hazard Indication

All equipment and areas emitting radiation shall be properly defined and have the appropriate labelling.

3.1.6. Facility Emergency Stop

The safety system will interface with the facility E-STOP system.  In the event a facility E-STOP is activated, the laser will shut down as well.  This system shall not rely on the operation of a computer network.  Any procedures related to E-stop shall be updated to reflect the laser (ref 8).
3.1.7. Laser Emergency Stop

The safety system will provide a means of shutting down the laser system in an emergency.  Operation of this emergency stop shall be available at the laser service enclosure and the secondary module.

3.1.8. Safety Shutters

The safety system will have a minimum of two safety shutters in the system in case one fails.
3.2. Electrical hazards

The K1 LGS AO system will be built to meet guidelines and standards set by OSHA.  In addition, the safety system will be required to remove electrical power from the system in an event it becomes a hazard.

3.3. Fire hazards

3.3.1. Sensors

Smoke and/or fire sensors will be installed within the laser service enclosure and on the BTO bench at the secondary module.
3.3.2. Alarms

In an event of fire or smoke, the system will immediately shut the laser down.  The safety system will inform personnel that an alarm had been issued.

Indication of an alarm shall be done both audibly and visually at the laser service enclosure.  Alarm status shall be available remotely via the software alarm handler.

3.3.3. Fire extinguishers

Fire extinguishers are to be provided on the inside and outside of the laser service enclosure.  A fire extinguisher shall also be available near the Nasmyth deck at the top end where maintenance and alignment will be done for the BTO bench.

3.4. Equipment safety 

It is critical that the equipment is not allowed to damage itself in the event of a failure.  The safety system will sense this type of failure and provide the proper interlocks to protect the equipment.
3.4.1. Laser Service Enclosure

3.4.1.1. Particulates

The laser shall not operate unless the level of particulates in the laser service enclosure is below a class 10000 level.

3.4.1.2. Temperature

The laser shall not operate unless the temperature of the laser room is within the requirements as specified by Ref 1.
3.4.1.3. Glycol 

The laser shall not operate unless the glycol system is operating with the proper flow and temperature as reference by the requirements specified by ref 11.

3.4.1.4. Humidity 

The laser shall not operate unless the humidity in the laser service enclosure is within the requirements specified by Ref 1.

3.4.1.5. Heartbeat

The SS shall have a heartbeat interface with the laser control system.  If this heartbeat is not available, the SS will go into a safe mode.
3.4.2. Beam Transport Optical System


3.4.2.1. Fiber or Relay Transport 
If the power measured at the BTO bench does not meet a threshold, the laser shall shutter to prevent damage to the fiber or relay transport.  This interlock can be defeated via a manual keyswitch during alignment or low power modes.
3.4.2.2. Glycol
The laser shall not send a beam thru the BTO system unless glycol is available at the BTO bench.

3.4.2.3. Hard Stops
The BTO system shall provide hard stops where appropriate to minimize beam run away that can damage other parts of the system.

3.4.2.4. Humidity

The laser shall not operate unless the humidity is sufficiency low to minimize fogging of the LTA exit lens.
3.5. Safety Documentation 

Administrative and Procedural controls will be implemented for safe operations of the laser.  The following documents will be generated as part of the Environmental Safety and Health Book (ref 1).
3.5.1. Operational Safety Plan
The OSP covers the installation and operation of the laser at Waimea Headquarters and the Mauna Kea Summit.  This plan describes the hazards, safety controls and responsible personnel for the laser system.
3.5.2. Hazard evaluation

A hazard analysis shall be done by the laser safety officer describing the hazards of the system.  This analysis shall include the maximum permissive exposure for personnel throughout the laser system.

3.5.3. Training & Approval

A training plan shall be provided to include operational duties and the required training.  Training evaluations shall be done every twelve months to determine if training for personnel is up to date.  Personnel shall only operate laser subsystems or responsibilities they are approved for.  Training shall include all summit personnel in additional to laser personnel.
3.5.4. Interlock testing procedure

An interlock testing procedure (ref 2) shall be completed by personnel on a regular basis.  The test results shall be part of the quarterly audit & inspection (ref 9).

3.5.5. Quarterly Audit & Inspection

Documentation for a quarterly audit and inspection shall be provided by the laser safety officer.  The LSO shall determine if operation can continue or must cease until deficiencies are met.  An example of the types of audit can be found on the Keck 2 laser (ref 10)
3.5.6. Contact List
A list of contacts shall be provided for laser operations in case of emergencies.
3.5.7. Emergency responses

Emergency procedures and responses shall be provided by laser personnel and must be approved by the laser safety officer.

3.5.8. MSDS

All MSDS will be provided in the ES&H Book.

3.5.9. FAA propagation


A plan shall be generated for propagation of the laser on-sky.  This plan shall include the necessary information as required by the FAA for on-sky propagation (ref 5, 6).  The plan shall be submitted with the request for “a letter of no objection” from the FAA for laser propagation.  This plan may be part of existing documentation already developed for K2 laser propagation.
3.5.10. Space Command Clearinghouse


A plan shall be generated for acquiring approvals for laser propagation on-sky with Space Command at Cheyenne Mountain.  This plan may be part of existing documentation already developed for K2 laser propagation.

4. Interfaces

4.1. Mechanical
The Safety System will be mounted within the Laser Service Enclosure.
4.2. Electrical/Electronic
The Safety System shall have an interface to communicate with the laser control system via existing EPICs drivers.
5. Reliability 

All components of the SS shall have a lifetime of 10 years.
6. Spares requirements

A recommended spares list including costing for each component will be provided.

7. Documentation FORMAT  
7.1. Manuals

Manuals shall be provided for all 3rd party equipment.

7.2. Drawings

7.2.1. Organization

Drawings shall be organized in a top level drawing tree for dissemination.

7.2.2. Drawing Programs

Drawings shall be in AutoCad 2006 or higher or in VISIO format ver. TBD or higher.

7.2.3. Drawing Numbers
Mechanical drawings will start with Keck drawing number TBD (DM).  Facility Drawings will start with Keck drawing number 131-50-xx.  System or Electronics drawings will start with Keck drawing number 131-00-xx.

8. Compliance Matrix

The following methods of verification shall be applied to demonstrate that requirements of the Safety System are met prior to the operational review.  

8.1. Verification by test

Compliance shall be done via item/assembly/subassembly testing. A description of the test and result of the test shall be provided.

8.2. Verification by Inspection

The compliance of the requirement shall be done by inspection.
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