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1.3GHz Cryomodule CM2 Hazard Analysis
Introduction
As part of the Fermilab Technical Division Operational Readiness Clearance documentation requirements, either operating procedures or a hazard analysis is required.  Since this 1.3GHz cryomodule is to be installed and operated at the New Muon Lab (NML) here at Fermilab, and NML is operated through the Accelerator Division (AD), the operating procedures for the cryomodule are to be developed by AD and will be reviewed as part of the AD Operational Readiness Clearance (ORC) Review process.  Therefore, in lieu of operating procedures, a general hazard analysis for CM2 is presented here as part of the TD ORC review documentation.  Fermilab ES&H Manual, Chapter 2060 was the basis for creating this hazard analysis.  For reference, an electronic version of that chapter can be found at http://www-esh.fnal.gov/FESHM/2000/2060.pdf. 

Methodology  
While FESHM 2060 was primarily developed to ensure worker safety by the identification and subsequent mitigation of hazards associated with a particular task or operation, it can also be applied to ensure hazard (or risk) mitigation for equipment.  What I have done in the following table is to identify potential hazards, the threat [personnel or equipment (or both)], and the mitigating actions taken to either eliminate or reduce the hazard to an acceptable level.

Table 1.  1.3GHz Cryomodule CM2 Hazard Analysis

	Category
	Hazard
	Mitigation
	Comments

	Radiological
	Radiation during operation of cryomodule
	Cryomodule will only be operated in shielded enclosures designed to contain the radiation
	FNAL-AD is totally responsible for all aspects of radiation safety at the NML facility.

	Electrical
	High power radiofrequency (RF) energy.  Low and high voltage instrumentation and control voltages.
	High power RF is only operated when personnel are not present in enclosure.  All low and high voltage instrumen-tation and control voltage devices are either UL approved or designed in accordance with NEC requirements.
	

	Category
	Hazard
	Mitigation
	Comments

	Mechanical
	Pressure
	Helium vessel designed and constructed in accordance with FESHM 5031.6 and is in compliance with the applicable sections of the
ASME Boiler and Pressure Vessel Code.  Fermilab Pressure Vessel Engineering Note completed and signed off for each helium vessel.
	Due to the materials of construction, the helium vessel does not fully meet the requirements of the Code.  Exceptions are noted in each Fermilab Pressure vessel engineering note, and the notes are signed off by the Laboratory Directorate as exceptional vessels.

	Mechanical
	Pressure
	Magnet vessel designed and constructed in accordance with FESHM 5031 and is in compliance with applicable sections of the ASME Boiler and Pressure Vessel Code.  Fermilab Pressure Vessel Engineering Note completed and signed off.
	The magnet cryostat is constructed of 316L stainless steel and is an integral part of the cavity string of the cryo-module.  It will operate at the same temperatures and pressures as the cavity string.  The magnet consists of two small corrector coils with very little stored energy.  The magnet leads are conductively cooled.

	Mechanical
	Vacuum
	Vacuum vessel designed and constructed in accordance with FESHM 5033 and is in compliance with applicable sections of the ASME Boiler and Pressure Vessel Code.  Fermilab Vacuum Vessel Engineering Note completed and signed off.
	

	Cryogenic 
	Oxygen Deficiency Hazard (ODH)
	Due to the small volumes associated with the eight helium vessels, and the cryogenic piping contained in the cryomodule, there is insufficient liquid and/or cold gas volume to constitute an ODH hazard.
	The enclosure in which CM2 will be operated has been analyzed and is designated an ODH Class 1 area.  The system ODH analysis will be addressed in the AD-ORC review.

	Stored Energy
	Electrical
	None required.
	Unlike a large superconducting magnet, very little stored energy resides in either the RF fields of the cavities or the magnetic field of the corrector coils of this cryomodule.  The dipole corrector was tested up to 100A current without quenches. 
The specified magnet integrated field 0.01 T-m reached at 30A. 
The total magnetic field energy for vertical and horizontal dipoles at 30A current is 2.0 J, 
at 50A - 5.5J, and at 100A - 22 J.

	Environmental
	None
	No known environmental hazards are associated with this equipment
	


