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1.0 Introduction

At Fermilab, safety is important.  It is the policy of this laboratory to protect the environment and all persons, be they employees or visitors, from accident or injury while they are on site.   Nothing shall have a higher priority. The Fermilab Environmental, Safety and Health Manual (FESHM) specifies a set of physical and administrative conditions that define the boundary conditions for safe operation of accelerator facilities or portions thereof.  Chapters 2010 Planning and Review of Accelerator Facilities and their Operations and 2060 Work Planning and Hazard Analysis 
 call for identification of hazards and assessment and mitigation of risks at accelerator facilities, experimental facilities, and construction facilities such as the Silicon Detector Facility (SiDet), where the DECam construction will be taking place. The goal is to demonstrate that there is reasonable assurance that operations can be conducted in a manner that will limit risks to the health and safety of employees and the public and will adequately protect the environment.  Three reports are mandated: a Hazard or Risk Analysis Document, Preliminary Safety Assessment Document (PSAD) and a Safety Assessment Document (SAD). Operationally, the Hazard/Risk Analysis shall be performed and documented first, and the more detailed PSAD and SAD are developed subsequently.  
It is important to note that the Hazard Analysis required by the above Chapters is not an evaluation of the actual risk from DECam construction activities, but is an evaluation of the hazards which might be encountered in such a construction project, in the absence of the engineered mitigations.  Only passive mitigations are to be taken into account in evaluating the different hazards identified; it is to be assumed that engineered mitigations such as alarms, detectors, interlocks, ventilation, and operational procedures are all inoperative or compromised.

In Sections 2 and 3, the hazard identification and assessment methodology used is described, and the results of applying the process to the DECam project are detailed.  Only local consequences for DECam activities at Fermilab were considered; the off-site construction activities will be assessed according to the best practices and ES&H frameworks of the institutions involved.  Section 4 presents the conclusion that DECam construction is characterized as low hazard.

2.0 Methodology

The methodology used was selected to provide a uniform and thorough process for identifying and assessing the hazards present to personnel and the environment.  The process consisted of three steps:

1) Development of a list of potential significant hazards.

2) Assessment of the DECam construction plans for the presence of these potential hazards.

3) Assessment of the probability for a possible mishap or equipment failure and the severity of the consequences.

Each of the three steps is described further below.

A detailed list of potential hazards that may be encountered at a high-energy accelerator facility was obtained from the Fermilab Work Smart Set of Standards List.
 These standards are the result of Fermilab's analyses of the hazards present on the site and relevant statutory requirements, external and internal standards to be followed in order to mitigate these hazards. A list of potentially significant hazards was then prepared from this master list for use in assessing the DECam project.  Hazards that are only of a magnitude and type routinely encountered and/or accepted by the general public were not included nor were hazards that are mitigated by code compliance (National Electrical Code, International Building Code, etc.) or by OSHA compliance.  The resulting potential hazard list is included here as Attachment A; it contains primarily risks that follow from the unusual technical aspects of  the construction of a complex instrument.

The major deliverables of the DECam project are a focal plane array consisting of 72 corrector barrel containing fused silica lenses, a readout electronics system, controls CCDs, a camera vessel in which the focal plane array can be mounted, an optical systems for the vacuum, cooling, and alignment systems required, a cage in which the camera and corrector barrel will be mounted, and software for the controls systems and the image collection from the camera.   The cage, called the prime focus cage, is designed to be mounted at the prime focus of the Blanco 4 m telescope at the Cerro Tololo Inter-American Observatory (CTIO) in La Serena, Chile.   The scope of the DECam project, and hence of this hazard analysis, encompasses the construction of the camera, corrector and cage; their shipment to CTIO; and reassembly and testing at CTIO.  The scope does NOT include the installation of the cage onto the telescope, or its operation in Chile.  Safety assessments for these phases will be performed in accordance with the procedures of the National Optical Astronomy Observatory (NOAO), which operates CTIO.
3.0 Results and Assessments
The results of the second step in the Hazard Analysis methodology, hazard identification, are presented in Table 1 using a matrix of hazard type versus DECam Level 2 WBS activity. During DECam construction, we can expect to encounter mechanical hazards, electrical hazards, fire hazards, oxygen deficiency hazards, cryogenic hazards, laser hazards, flammable material hazards, toxic material hazards, and electrostatic discharge 
	         WBS Number
	WBS Description


	Mechanical Hazards
	Leak & Spill Hazards
	Electrical Hazards
	Fire Hazards
	Oxygen Deficiency Hazards
	Cryogenic Hazards
	Laser Hazards
	Radiation Hazards
	Flammable Material
	Toxic Material Hazards
	Environmental Hazards
	ESD Hazards

	1.1
	Management

Management support (financial & budget), travel, workshops
	
	
	
	
	
	
	
	
	
	
	
	

	1.2
	Focal Plane Detectors

CCDs, CCD packaging, testing & characterization
	X
	
	X
	X
	X
	X
	X
	
	X
	X
	
	X

	1.3
	Front End Electronics

Electronics to read out the focal plane
	X
	
	X
	X
	
	
	
	
	X
	X 
	
	

	1.4
	Optics

Design, procurement and assembly of the optical corrector*

(* takes place off-site)
	
	
	
	 
	
	
	
	
	
	 
	 
	

	1.5
	Opto-Mechanical Systems

Mechanical components: Barrel, Camera Vessel, Cooling
	X
	
	
	
	
	
	
	
	
	 
	
	

	1.6
	Survey Image System Process Integration

Software programs and computing for image acquisition
	 
	 
	
	 
	
	
	
	
	
	
	
	

	1.7
	Survey Planning

Development and simulation of survey data and the observing plan
	
	
	
	
	
	
	  
	
	
	 
	
	

	1.8
	CTIO Integration

CTIO Integration with DECAM*

(* takes place off-site)
	
	
	
	
	
	 
	 
	
	
	
	
	


Table 1
hazards. The next step in the analysis will be ranking these hazards according to the ranking process described in FESHM 1040: assessing various risks related to environment or safety and health activities. Classification of the identified hazards will be documented using a preliminary Hazard Analysis worksheet.  Each identified hazard was characterized according to hazard type, mishap consequences, and initiating event. Assignment of a risk ranking corresponding to the FESHM Chapter 1040 will be done in consultation with the PPD ES&H staff.  Also included are descriptions of the installed hazard mitigation measures, both passive and active (engineered).  In the risk ranking procedure, credit will only be taken in the assessment for all passive mitigation features, but the active mitigations planned are included for completeness.  The set of Hazard Analysis worksheets is included as Attachment B. 
3.1 Construction of DECam
Safety and health hazards that have been encountered historically at Fermilab have been considered in analyzing the hazards for DECam construction.  A hazard analysis will be conducted as part of the job planning process to evaluate the hazards to personnel during the construction and testing of these components and to identify the means to mitigate the hazards.
3.1.1 Mechanical Hazards During Construction
Construction of the camera vessel, optical corrector, and prime focus cage will involve transporting, lifting, moving, positioning, and assembly of some large, heavy, and awkward components.  

3.1.2 Electrical Hazards During Construction
The readout system being constructed for the DECam project and the hazards associated with it are very similar to those constructed frequently at Fermilab for the accelerator and experiments.   No high voltages are required in the construction, operation, or testing of the DECam systems.   
3.1.3 Industrial Safety

Industrial Hygiene issues to be addressed during the construction and testing of DECam components include handling of cryogenic liquids, handling of toxic or allergenic materials during the CCD packaging, and working with vacuum systems and vacuum vessels (not at high pressure).   

The electronics for the DECam may contain small amounts of lead in the solder used for assembly.  Fermilab PPD ES&H will evaluate these incidental exposures and advise personnel on any PPE, procedures or training that may be required.

The control of hazards in these categories is addressed through the application of OSHA and other relevant standards, such as ANSI and ACGIH, as well as the FESHM.  Work performed at Fermilab will be conducted in conformance with these standards.  Hazards in the Industrial Safety category can be mitigated by insuring that all personnel working on DECam construction have received the applicable Fermilab safety training for their assignments.
3.1.4 Cryogenics and Oxygen Deficiency Hazards

The CCD testing activities for the DECam project will use liquid nitrogen to cool the CCDs.   One LN2 system for cooling the small vacuum cubes, used for testing single CCDs, has been installed in SiDet.  An operational readiness review of the system has been conducted by PPD in accordance with established ES&H procedures.  Similar review will be undertaken when the LN2 cooling for the Multi-CCD test vessel is constructed, before its unattended use is authorized.  

3.1.5 Environmental Protection

There are no activities in the DECam construction which have a potential for harmful environmental impact.  DECam has submitted an Environmental Evaluation Notification Form, in compliance with NEPA, and a Categorical Exclusion was granted on July 11, 2006.
.

3.1.6 Electrostatic Discharge Damage to the CCDs

The DECam focal plane contains 70 charge-coupled devices (CCDs) which are highly susceptible to damage from electrostatic discharges.  This represents no hazard to personnel, but does represent a considerable hazard in cost and schedule risk to the project.  This hazard has been addressed by providing adequate ESD protection measures according to industrial best practice and by instituting an ESD training course which all personnel involved in CCD handling are required to complete. 
3.1.7 Waste Handling, Storage and Disposal

For many years, the Laboratory has been carrying out comprehensive programs for the handling, storage, and disposal of both radioactive wastes and hazardous chemical wastes. The various waste programs are described in the FESHM, Chapter 8020. No radioactive wastes will be generated by the DECam construction.  Small amounts of hazardous chemicals may be generated, and disposal will be handled according to the FESHM. 

3.2 Decontamination and Decommissioning

It is the policy of Fermilab to maintain information necessary for future decontamination and decommissioning (D&D) of any or all of the facilities at the Laboratory. The DECam will be returned to Fermilab after it is no longer used in operations on the Blanco Telescope. There will be no radioactive hazard associated with the instrument.  The disposal of any of the equipment from the DECam will be done in accordance with the provisions of FESHM, Chapter 8070. 

Conclusions

It is the intent of the DECam project management that the technical and scientific goals of the project be achieved in a safe and environmentally sound manner.  This document summarizes a variety of potential ES&H hazards that might be encountered in the construction and testing of the DECam Project at Fermilab.  The conclusion of the DECam project management is that all major hazards have been identified and can be addressed by the means discussed here and in the references.  This document will serve as the basis for a Safety Assessment Document (SAD) for DECam.  The DECam SAD will document the actual procedures and actions taken to achieve the construction and testing of DECam in compliance with applicable regulations and with Fermilab policy.  This document will serve as a guide in developing the actual hazard analysis/job planning that will be used during construction.
4.0 Preliminary Hazard List

The following list is a synopsis of potential hazards that are not usually encountered and may be associated with operation of a Fermilab construction project.  This list was assembled by consulting Work Smart Standards document and by using generic potential hazard groupings available in the common literature.  The intent is to provide a checklist that ensures potential hazards that might be encountered in high tech facilities and high-energy physics in particular are certain to be identified.  The list is in no way intended to substitute for a thorough on-site facility inspection; it serves as a catalogue of watchful experience and "mind jogging" alerts.

Mechanical Hazards

Moving large awkward heavy equipment

Handling large awkward heavy components.

Thermal Energy
Cryogens 

High temperature equipment

Vacuum pumps

Kinetic Energy
Power tools and equipment

Movement of large objects

Overhead structures and equipment 

motor generator equipment and

Flywheels  

Potential Energy
Crane operations

Compressed gases

Vacuum/pressure vessels

Flammable Materials
Wire insulation 

Cable insulation and Jackets    

Flammable liquids

Combustible Liquids     

Toxic Materials
            Chemical agents

            Lead and other heavy metals

Fire Hazards

        Combustible Liquids

        Combustible Materials PVC
Oxygen Deficiency Hazard

        Cryogenic system in use in test areas
Cryogenic Hazards

        Cryogenic system in use in test areas
Magnetic Field

        Not applicable to DECam
Radiation Hazards

        Use of small radioactive sources in CCD testing  
Toxic Material Hazards

Materials listed on the TSCA inventory.

Environmental Hazards

Materials listed on the TSCA inventory.

Leak and Spill Hazards

Materials listed on the TSCA inventory.

Hazardous Atmosphere

Adhesive materials used in CCD bonding
5.0 Preliminary Hazard Analysis Worksheet

This attachment presents the results of the Hazard Analysis process in the form of a spreadsheet summary.  The data are organized according to hazard type and DECam WBS number.  Presented are the initiating event, the consequences, and the risk classification.  Comments and a listing of the hazard mitigation measures in place are provided for each entry.  The Risk Classification was performed using FESHM 1040.3, “ESHTRK Procedures – Risk Assignment” as a guide.
	WBS 
	Hazard

Type
	Consequence
	Initiating

Event
	Severity /Probabilty
	RAC
	Comments and Hazard Mitigation Measures

	1.2,
1.4,
1.5
	Mechanical Hazard-

Kinetic

Energy


	Personnel

Injury


	Unsafe

Practices


	Medium/C
	3
	Comments:  Operation of hand held power tools and manual tools as well as rotating machinery operations.  Also possible injury to personnel if proper procedures are not followed during camera vessel and corrector barrel assembly
Passive Mitigation:  Equipment safety   guards.

Active Mitigation:  Only trained personnel are allowed to participate in vessel assembly and construction operations. 

	1.2,
1.3
	Electrical Hazards
	Personnel

Injury


	Contact with

Energized

Equipment


	Medium/C
	3
	Comments:  Both commercially available and DECam-designed electrical equipment is in use for the CCD testing, and the DECam Front End Electronics will design, test, and produce custom electronic circuitry. 

Passive Mitigation:  All equipment meets applicable NEC and NEMA codes and FNAL Safety requirements.

Active Mitigation:  Administrative procedures are in effect for all work on electrical equipment and systems.  Lockout/Tag out rules are in effect for all work on this equipment per OSHA requirements. An independent Electrical Safety Review Committee will review system designs.

	1.2, 
1.3
	Fire Hazard
	Personnel

Injury or

Equipment

Damage


	Unsafe

Practices
	Low/D
	5
	Comments: The wiring and electrical equipment used in CCD testing and in the Front End Electronics systems will present a fire hazard.
Passive Mitigation:  All equipment is designed to all applicable codes and standards.
Active Mitigation:  The installation and the operating procedures will be reviewed by an independent safety Review committee.

	1.2
	Toxic

Materials
	Accidental

Exposure
	Unsafe

Practices
	Low/C
	4
	Comments: The chemicals used in the CCD bonding operations may have associated health hazards.
Passive Mitigation:  Choose chemicals with the lowest toxicity  possible, consistent with getting the job done.  Comply with all applicable regulations for handling and storing chemicals.
Active Mitigation:  Only trained personnel will work on the CCD packaging. 

	1.2
	Laser

Hazard
	Personnel

Injury


	Improper

Operation of

Machinery
	Low/D

	5
	Comments:  Lasers may be used at some points in the CCD testing.
Passive Mitigation: Engineered Systems per ANSI Z136.1
Active Mitigation:  Technical and safety training of personnel utilizing tools and equipment. (I.e. FESHM 5062)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	1.2
	Electrostatic Discharge Damage

	Equipment

Damage


	Unsafe

Practices


	Low/D

	5
	Comments: CCDs are highly susceptible to damage from electrostatic discharge.

Passive Mitigation:  Package design ensures that CCD handling is minimized.  
Active Mitigation:  Proper ESD equipment is provided for all CCD handling areas. Operator training and adherence to established procedures.  Trained personnel conduct operations only. 

	1.2
	Cryogenic Hazard
	Personnel

Injury or

Equipment

Damage


	Unsafe

Practices


	Medium/C

	3
	Comments: LN2 is used in the cooling of the CCDs for testing.

Passive Mitigation:  System design follows best safety practices for cryogenic systems.
Active Mitigation:  Operator training and adherence to established procedures.  Trained personnel conduct operations only. An operational readiness review is held by an independent safety committee before allowing unattended operation of the LN2 systems.

	1.2 
	Oxygen Deficiency Hazard
	Personnel Injury
	Unsafe Practices 
	Medium/C
	3
	Comments: The volume of LN2 stored in the CCD test areas may result in an oxygen deficiency hazard.

Passive Mitigation:  System design follows best safety practices for cryogenic systems.

 Active Mitigation:  Operator training and adherence to established procedured.  Operational readiness reviews should be held before allowing unattended operation of the LN2 systems.
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