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3.9GHz Cryomodule:   Hazard/Risk Analysis
1. Introduction
As part of the Fermilab Technical Division Operational Readiness Clearance (TD-ORC) documentation requirements, a hazards/risk analysis has been prepared for the 3.9GHz Cryomodule, ACC39.  The analysis is conducted as if the cryomodule were to be installed and operated at Fermilab, thus the applicable chapters of the Fermilab Environmental Safety and Health Manual (FESHM) requirements are the guiding principles.  However, this cryomodule will never be operated at Fermilab, but upon completion will be shipped to DESY for initial testing on their Cryomodule Test Bench (CMTB) and subsequent installation and operation in the TTF/FLASH test accelerator.  This analysis identifies the hazards associated with ACC39 installation and operation at DESY and presents appropriate mitigating actions which, when implemented, either eliminate or reduce risks to acceptable levels.

2. Methodology  
While FESHM 2060, "Work Planning and Hazard Analysis", 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 as well.  What we have done in the following section is to identify potential hazards and the mitigating actions taken to either eliminate or reduce them to an acceptable level.  

3. Hazards and mitigation.  

3.1. Category:  Radiological 

3.1.1. Hazard:  Radiation during operation of ACC39  on CMTB or in TTF/FLASH.  

3.1.1.1. Mitigation:  ACC39 will only be operated in shielded enclosures designed to contain the radiation.  CMTB and TTF/FLASH are only operated when the enclosures are unmanned. 

3.1.1.2. Comments: CMTB and TTF/FLASH shielding designed, reviewed and approved in accordance with DESY Radiological Control requirements.  

3.2. Category:  Electrical 

3.2.1. Hazard: High power radio-frequency (RF) energy.  Low and high voltage instrumentation and control voltages. 

3.2.1.1.   Mitigation: High power RF is only operated when personnel are not present in enclosure.  All low and high voltage instrumentation and control voltage devices are DESY-supplied items and have been approved for operation there.  

3.2.1.2.   Comments: CMTB and TTF/FLASH RF and electrical systems are reviewed and approved in accordance with DESY ES&H policies and requirements.  

3.3. Category:  Mechanical [reference 1]

3.3.1. Hazard:  Helium vessel pressurization due to sudden loss of insulating vacuum 

3.3.1.1.   Mitigation: The cavity helium vessel has been designed and constructed in accordance with the ASME Boiler and Pressure Vessel Code whenever possible, but it is not in full compliance with the Code, thus it is classified as an exceptional vessel by Fermilab standards. Adequate safety factors for all components ensure vessel safety during normal operating and anticipated upset conditions. ACC39 adds a total helium vessel surface area exposed to insulating vacuum of about 0.1 of a 1.3 GHz cryomodule (See Table 1).  CMTB and FLASH system reliefs prevent overpressurization of the helium vessels.

3.3.1.2.   Comments: Separate pressure vessel engineering notes have been prepared, reviewed, and signed off for each of the four dressed cavities contained in ACC39 [references 2,3,4,5,6].  Dressed cavities are all rated for 2 bar warm, 4 bar cold.  
3.3.2. Hazard:  Helium vessel pressurization due to sudden loss of beam vacuum 

3.3.2.1.   Mitigation: The cavity helium vessel has been designed and constructed in accordance with the ASME Boiler and Pressure Vessel Code whenever possible, but it is not in full compliance with the Code, thus it is classified as an exceptional vessel by Fermilab standards. Adequate safety factors for all components ensure vessel safety during normal operating and anticipated upset conditions.  ACC39 adds a total niobium surface area of about 0.06 of a 1.3 GHz cryomodule (see Table 1).  CMTB and FLASH system reliefs prevent overpressurization of the helium vessels.  

3.3.2.2.   Comments: Separate pressure vessel engineering notes have been prepared, reviewed, and signed off for each of the four dressed cavities contained in ACC39 [references 2,3,4,5,6]. 
Table 1.  Surface areas and flow rates for ACC39 compared to a 1.3 GHz cryomodule 

	
	Total cavity surface area in cryomodule  
	Worst-case additional helium flow for loss of cavity vacuum in cryomodule 

(38 kW/m2 [ref 12] and 20 J/g = 1900 g/s/m2) 


	Total helium vessel surface area in cryomodule  
	Worst-case additional helium flow for loss of insulating vacuum in cryomodule 

(6 kW/m2 [ref 12] and 20 J/g = 300 g/s/m2)  

	
	(square meters)
	(grams/sec)
	(square meters)
	(grams/sec)

	ACC39 

(4 cavities)
	0.4
	760
	0.68
	204

	Type 3 CM 

(8 cavities)
	6.7
	12,730
	6.8
	2040

	
	ratio
	ratio
	ratio
	ratio

	ACC39/T3CM


	0.06
	0.06
	0.10
	0.10


3.3.3. Hazard:  Piping pressurization due to sudden loss of insulating vacuum 

3.3.3.1.   Mitigation: All of the pressure piping in the cryomodule has been designed and constructed in accordance with the ANSI B31.1.  The total slot length of ACC39 is approximately 2775 mm, which is about 0.22 of a 1.3 GHz cryomodule.  Total ACC39 piping volumes and surface areas scale with cryomodule length, so amount to about ¼ of a 1.3 GHz cryomodule.  CMTB and FLASH system reliefs prevent overpressurization of the piping.  

3.3.3.2.   Comments:  A Fermilab piping engineering note has been prepared, reviewed and approved [reference 7].  Pressure ratings match or exceed those of the other cryomodules in FLASH/TTF 

3.3.4. Hazard:  Piping instability due to mechanical loads 

3.3.4.1.   Mitigation:  Piping has been designed with sufficient support to prevent instability 

3.3.4.2.   Comments:  Piping stability analysis is documented [reference 8]

3.3.5. Hazard:  Pressurization of the beam vacuum space 

3.3.5.1.   Mitigation:  Connected to FLASH/TTF beam vacuum system 

3.3.5.2.   Comments:  Refer to FLASH/TTF beam vacuum details

3.3.6. Hazard:  Pressurization of the vacuum vessel space 

3.3.6.1.   Mitigation: The ACC39 vacuum vessel is designed and constructed in accordance with the ASME Boiler and Pressure Vessel Code.  In the highly unlikely event of catastrophic ACC39 cavity helium vessel failure, the CMTB system and the TTF/ FLASH system are capable of fully relieving the helium inventory without over- pressurizing the vacuum space.  In the case of CMTB, a DN150 relief valve will be on the end cans.  For FLASH, the vacuum relief is on the adjacent cryomodule, ACC1, also a DN150 relief.  Additionally, the vacuum vessel acts as fully adequate containment for any shrapnel that might be created from a catastrophic failure.
3.3.6.2.   Comments:  A Fermilab Vacuum Vessel Engineering Note was completed, reviewed, and signed off [reference 9].  ACC39 vacuum is contiguous with ACC1 and Endcap vacuum space.  

3.3.7. Mechanical damage due to non-standard configuration of the input couplers 

3.3.7.1.  Two of the four input couplers are on the aisle side of the cryomodule, which is a unique situation.  

3.3.7.2.  This issue was discussed with DESY during our meeting.  We suggest some sort of “bumper” protection to avoid accidental contact during personnel and equipment passage through the aisle.  DESY will provide protection for the input couplers.  

3.4. Category:  Cryogenic  

3.4.1. Hazard:  Oxygen deficiency 

3.4.1.1.   Mitigation:  Due to the small volume associated with the four cavity helium vessels and the cryogenic piping contained in the cryomodule, there is insufficient liquid and/or cold gas volume to constitute an oxygen deficiency hazard in either the CMTB or TTF/FLASH enclosures.  The maximum flow deliverable to the cryomodule from the cryogenic system could constitute a potential hazard (independent of the type of cryomodule installed) and must be analyzed.  

3.4.1.2.   Comments:  It is the responsibility of DESY personnel to perform ODH analyses for the CMTB and TTF/FLASH enclosures in accordance with DESY ES&H requirements.  The operation of ACC39 in either of these enclosures will not compromise the conclusions of either analysis.   

3.5. Category:  Environmental 

3.5.1. Hazard:  none 

3.5.1.1.   Mitigation:  not necessary 

3.5.1.2.   Comments: No known environmental hazards are associated with this equipment  

3.6. Category:  Particle beam 

3.6.1. FLASH beam safety systems prevent beam on the accelerating structures from reaching the accumulated power necessary to melt through to the vacuum space.  Also, vacuum reliefs provide backup for vacuum space overpressure in both beam and insulating vacuum spaces.    

4. Conclusions:

A hazards assessment has been conducted to identify the risks associated with the testing and operation of ACC39, the 3.9Ghz cryomodule, on the CMTB or in the TTF/FLASH accelerator at DESY.  Failure of any of the ACC39 pressure containing components will add only a small increment of additional flow and pressure to the system relative to the other cryomodules, the total remaining well within the capacity of the system, which is up to ten 1.3 GHz cryomodules.  While no credit is taken for DESY's more than 10 years of operational experience with 1.3GHz cryomodules in the TTF/FLASH accelerator, it is worth noting that during those many years of operation, no safety hazards have arisen due to the failure of a cavity or other 1.3GHz cryomodule component.  By design, the 3.9GHz cryomodule is even more robust than a 1.3GHz cryomodule, with smaller areas exposed to pressurization (with resultant lower stresses), greater weld penetration depth in virtually all of its welds (with resultant lower weld joint stresses), and smaller stored energy due to the smaller helium vessel volume.   
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