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[bookmark: _Toc373753152]Introduction:
[image: People collaborating]The purpose of this document is to identify and describe remedies for potential personnel hazards that may arise during the commissioning and operation of the PXIE RFQ.  Figure 1 shows a block diagram of the PXIE RFQ system, which includes the RFQ structure and its supporting infrastructure.  This document focuses on the hazards associated with the RFQ block itself.  
Scope:Figure 1:  RFQ System block diagram.

Figure 2 shows two views of the RFQ structure design.  The RFQ structure is the only portion of the RFQ system that contains and accelerates high intensity H- beam.  Operationally, the RFQ presents hazards because of the connection to the input couplers and power amplifiers that must be addressed.  Other aspects of the system design, such as the interlocks and support stand, work to alleviate RFQ hazards. 
[image: four_module_assy_s_9.JPG][image: four_module_assy_s_5.JPG]
Figure 2:  Internal (top) and top side view of the RFQ structure design.

[bookmark: _Toc373753154]Key Specifications
The following table summarizes the important specifications for the RFQ, derived from the PXIE RFQ FRS [1].
[bookmark: _Toc373753155]Table 1.  Summary of RFQ Specifications

	Physical 
	
	

	
	Overall width
	0.742 m

	
	Overall length (flange-to-flange)
	4.55 m

	
	Center of beam height (from floor)
	1.30 m

	
	Approximate Weight
	5800 kg

	Beam
	
	

	
	Ion type
	H-

	
	Nominal Input energy (kinetic)
	30 (+/- 0.5%) keV

	
	Nominal output energy (kinetic)
	2.1 (+/- 1%) MeV

	
	Nominal Beam Current  
	5 mA

	
	Beam Current Operating Range
	1- 10 mA

	
	Transmission efficiency (1-10 mA)
	95%

	RF
	
	

	
	Frequency
	162.5 MHz

	
	Duty factor (CW)
	100%

	
	Total RF power for resistive losses and beam loading
	~100 kW

	
	Peak RFQ copper temperature at full power
	~50 C

	
	Nominal cooling water temperature
	30 C

	Vacuum
	
	

	
	Operating pressure
	< 5x10-7 torr

	
	
	

	
	
	



[bookmark: _Toc373753156]Hazard Analysis:
a. [bookmark: _Toc368572275][bookmark: _Toc368657288][bookmark: _Toc373753157]Mechanical:
There are no exposed moving parts in the PXIE RFQ component.  The only hazards are static.
[bookmark: _Toc368572277][bookmark: _Toc368657290][bookmark: _Toc368572278][bookmark: _Toc368657291][bookmark: _Toc368572279][bookmark: _Toc368657292][bookmark: _Toc368572280][bookmark: _Toc368657293][bookmark: _Toc368572281][bookmark: _Toc368657294][bookmark: _Toc373753158]Large Suspended Objects:
The RFQ will be suspended up to 2m from the height of the floor and will weigh up to 6000kg.  Design of the support stand will need to be inspected, tested, and approved by a mechanical safety inspector.  Crane, hoist, and possible fork lifting procedures will need to be created and reviewed according to FESHM 5021[2].  Any lifting fixtures must be documented with a safety note, reviewed and tested before being put into operation.
[bookmark: _Toc373753159]Vacuum Vessel
To qualify as a potential closed vessel hazard, there must be at least 37ft3 of vacuum volume [3].  The total RFQ vacuum space volume is approximately 17ft3.
[bookmark: _Toc373753160]High Temperature Contact
The RFQ is designed to absorb 80kW of RF power during normal operation.  The LCW chiller is designed to remove the heat generated by the RF and keep the exposed copper temperature close to 30C.  If water cooling is interrupted, the exposed temperature of the copper could reach temperatures that are uncomfortable to touch and will likely damage internal components of the RFQ.  System interlocks will be designed to switch off the RF in the event that the cooling water flow falls below acceptable levels.
[bookmark: _Toc373753161]Tripping Hazards
The RFQ structure will interface with a large number of  water hoses, instrumentation cables, power lines, and RF waveguides.  These connections will pose numerous trip hazards when working on or around the RFQ and its support structure.  Proper labeling and signage will be needed as well as layout of stay clear areas to allow emergency egress.
b. [bookmark: _Toc373753162]Electrical Contact:
There are no direct connections between any parts of the RFQ and AC power.  All parts of the RFQ should be connected to DC ground and should not have any shock hazard.  However, the input couplers will contain a high voltage DC bias that could bias the RFQ in case of a fault, if the RFQ is not grounded.  This scenario needs to be analyzed and a process in place to prevent contact in case of fault.
c. [bookmark: _Toc373753163]Non-ionizing Radiation:
[bookmark: _GoBack]OSHA standards require that personnel are not exposed to more than the occupational limit of 1 mW/cm2 for broadcast RF power [4].  During operation, the RFQ is designed to contain all RF power that is sent to it from the power amplifiers.  The only designed paths for the RF energy to leave the RFQ are through copper heating or the input couplers.  As long as the input couplers are properly connected to the RFQ, there should be no RF power leakage.  A procedure and monitor is necessary to insure that RF power is not applied to the RFQ if the input couplers are not properly connected.
d. [bookmark: _Toc373753164]Ionizing Radiation:
The RFQ will create a potential ionizing radiation hazard during operation.  Large electric fields in the enclosure can break down, creating a significant source of x-rays.  High energy protons may impact the copper structure or steel end plates and produce neutrons.  An analysis of the RFQ radiation potential will be completed.  Necessary shielding and interlocks will be designed.
[bookmark: _Toc373753165]References:
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