4.4 [bookmark: _GoBack]Fluids Systems

Process Fluid Systems (LCW, RAW and compressed air) are critical for the successful operation of the PIP-II accelerator facility.  These fluid systems provide both process temperature control and process manipulation for the various equipment that powers and operates the PIP-II machine.  The scope of the PIP-II process fluid systems include the front end enclosure and gallery, the SC LINAC enclosure and gallery, the transport line enclosure to Booster and associated service building, and the SC LINAC abort.   
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Figure XXX This civil layout shows the scope layout of the different process water systems.
Process Temperature Control – Water/HVAC
Heat loads in the PIP-II enclosure can be budgeted in two places – heat load reacted to water and heat load reacted to ambient air and the associated HVAC system.  
Heat Load to Water
The Heat Load to Water portion of the PIP-II Process control is composed of 4 different types of process water systems that work together to remove a total of 6.58 MW of heat load from PIP-II equipment.  These systems include a primary (main) low conductivity water (LCW) system, an RFQ standalone system, a standalone system for the Ion source, and a RadioActive Water (RAW) system for the beam abort.	Comment by Curt Baffes: 6.5MW describe in table?  
Primary (Main) Low Conductivity Water (LCW) System
The primary low conductivity water system, also known as the PIP-II LCW System, will provide the bulk of the process temperature control to water cooled equipment throughout the footprint of the PIP-II accelerator.  This footprint includes the front end enclosure and gallery, the SC LINAC enclosure and gallery, the transport line enclosure to Booster and associated transport line service building, and the SC LINAC abort.  Primary users of the PIP-II LCW System include radio-frequency power 
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Figure XXX Typical LCW pump room
amplifiers (RFPA), circulators, and RF loads located in the RF gallery portion of the front end and SC section of the PIP-II accelerator.  Each of the accelerator beamline RF cavity sections are powered by an RF network that depend on a precise and reliable water system for process temperature control.   The RF sections that power the LB650 and HB650 cavity sections of the accelerator are the largest users of the Primary LCW System at approximately 80% of the total water flow and power dissipation.  The pump room for the PIP-II LCW System will be located in the PIP-II LINAC Service Building Mechanical Room directly adjacent to the PIP-II LINAC Gallery.  Heat load rejection from the LCW system will involve the use of a specially designed fluid cooler tower system.  This heat rejection technology will yield a reliable process equipment temperature control within the range of 83F to 88F.  The fluid cooler tower system will be located adjacent to the PIP-II LINAC Service Building.  The supply pressure for the PIP-II LCW System will be approximately 100 PSIG.



	Equipment*
	Total Heat Dissipation (KW)
	Flow Rate (GPM) Total

	LEBT
	 
	 

	Subtotal
	20.0	Comment by Curt Baffes: Ion source section shows 40kW.  Discrepancy?  
	11.4

	RFQ” Gallery (162.5 MHz)
	 
	 

	Subtotal
	300.0
	168.0

	MEBT
	 
	 

	Subtotal
	56.4
	32.1

	HWR Gallery (162.5 MHz)	Comment by Curt Baffes: I am still a bit confused by this table.  But I think that we only need to remove the word “Gallery”.   The power comes out of the plug in the gallery, and then some of it goes to the tunnel (depending on where circulators are, how much goes to beam, etc).  Since this table only documents what can possibly go to LCW, I think if we remove the word “gallery” it will remove the possible misinformation.  Does this sound factually correct to you?  
	 
	 

	Subtotal
	82.8
	31.1

	SSR1 Gallery (325 MHz)
	 
	 

	Subtotal
	164.1
	61.7

	SSR2 Gallery (325 MHz)
	 
	 

	Subtotal
	1063.1
	399.8

	LB 650 Gallery (650 MHz)
	 
	 

	Subtotal
	2086.2
	784.6

	HB 650 Gallery (650 MHz)
	 
	 

	Subtotal
	2577.1
	969.2

	Transport Line
	 
	 

	Subtotal
	200.0
	75.2

	Total
	6549.8	Comment by Curt Baffes: 6.5MW vs. 8MW described above?  
	2533.0



Table 4.1 Power Rejection and Flow Rate Summary for PIP-II Primary (Main) LCW System.  Heat rejection via fluid cooler tower system. *Please note:  The RFQ information shown in the table above include RF equipment located in the gallery only.  The RFQ and Ion Source device each have separate cooling systems and are not included in this table. 

RFQ LCW System
Dynamic tuning and resonance control of the RFQ is accomplished with cooling water, there are no mechanical tuners in the system.  Water Temperature control for the RFQ will involve a complex network of LCW systems.  The RFQ RF power amplifiers, circulators, and RF loads located in the front end gallery will utilize the PIP-II (Primary) LCW System for general temperature control.  However, the RFQ itself located in the enclosure will require an independent customized cooling system arrangement specially designed for precise temperature control of the separate vane and wall circuits.  In order to control the resonant frequency of the RFQ, separate (independent) circulating LCW cooling systems will be designed for each section, indirectly connected to one distribution cooling skid.  LCW circuit supply temperature for the separate vane and wall sections of the RFQ may vary for tuning, but in stable operation has to be kept within required ±0.1°C of a preset temperature of 86°F.  Cooling water at 70°F, supplied by a distribution cooling skid, is injected into wall and vane water loops. Water injection rate is controlled by the flow control valves. Water is mixed in helical mixers before it is delivered to wall and vane sections of the RFQ. Maximum LCW flow rate is 87 GPM for vane circuit and 172 GPM for wall circuit. Heat rejection will take place in the distribution cooling skid via heat exchanger with the 45°F building chill water (CHW).   A system has been developed and built for the PIP-II Injector Test, as shown in the figures that follow.  
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Figure XXX RFQ LCW showing separate Vane and Wall LCW skids.  These skids incorporate pumps, filtration, and precision flow measurement.   


[image: W:\PXIE pictures\2016_06_13 RFQ cooling system\IMG_20160613_160710410.jpg]Mixing valve

Figure XXX RFQ Cooling system.  Dynamic mixing valve introducing cold water from the cooling skid is shown.  Cold water mixes with the main recirculating flow at a helical mixer below the false floor, and then flows to manifolding distributing balanced flow to each RFQ module and circuit.  

Ion Source LCW Skid
The Ion Source may require an independent cooling system located in the front end enclosure in close proximity to the ion source.  In the PIP-II injector test, this is a closed-loop chiller.  Studies will be performed to determine if the chiller is required for PIP-II, or if a warmer supply temperature of the Primary LCW system can be tolerated.  In the event that a separate system is required, heat rejection will take place in the distribution cooling skid via heat exchanger with the 45°F building CHW.  The independent cooling system will need be designed to remove 40 KW heat rejection via delivery of 24 GPM of LCW at 90 PSIG and supply temperature of 70°F ±1°F. 
Beam Abort
There will be a beam abort for 800MeV beam out of the linac.  It is expected that RAW system will be required for cooling of the beam abort.  Heat dissipation is approximately 100 KW.  The RAW system would reject heat to the PIP-II Primary LCW system.  

Heat Load to Air (HVAC)
The Heat Load to air portion of the PIP-II Process control is focused primarily in the RF gallery and front end sections of the PIP-II LINAC Service building and is based on an assumed heat load dissipated in air equal to 15% of the total of 8 6.5 MW of heat load removed from the PIP-II equipment.  Heat rejection will take place via multiple ducted air handler with 45°F building CHW coils (approximately 20 tons of refrigeration each) for the loads operating in the pulsed regime of operation.  For the remaining loads operating in the continuous wave (CW) regime of operation, a multiple arrangement of individual vertical mounted DX air handler units (AHU) using an underfloor or bottom airflow feed configuration will be used.  Very little heat rejection to air is expected in the SC LINAC or transport line enclosures.	Comment by Curt Baffes: Discrepancy with number in table.  

Process Manipulation - Compressed Air 
The PIP-II accelerator facility will require process manipulation for the operation of the accelerator, including assembly, commissioning, and operation of vacuum compressors, cryogenic equipment, and various pneumatically operated equipment and instrumentation.  
To supply compressed air to the necessary equipment within the PIP-II area, the air will be pressurized (compressed), processed (filters, dryers) and transmitted (piping) to various points of use throughout the PIP-II accelerator enclosure and gallery footprint:
Pressurization – The ambient air will be pressurized by screw air compressors to a range between 90 and 120 PSIG. In order to protect various equipment there will be pressure regulators installed throughout the delivery system where needed.
Processing – To remove solid particulates, moisture and oil the compressed air is directed through two filters with automatic drains and refrigerated or desiccant air dryers. To ensure that proper air pressure and moisture content is delivered to points of use, monitoring pressure and dew point meters are piped in the system.
Transmission – Compressed air is to be distributed in copper piping and delivered to points of use throughout the PIP-II accelerator enclosure and gallery footprint.
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Figure XXX Typical compressed air arrangement.  Screw compressors, dryers, filters, and distribution piping shown

PIP-II will have two independent compressed air systems: 
1. Application I - Cryogenic Compressor Room – Compressed air system that supplies air to equipment located in cryogenic compressor room, nitrogen dewar tank valves and cryoplant equipment.  It will be located in the Cryogenic Compressor Room.
This system is going to require two different air dryers.
a. Refrigerated air dryer that will keep dew point at or below (+40 F).
Air will be distributed to vacuum pumps, compressors, purifiers, inventory control, distribution box, etc.  It will also be used as house air for air powered tools.
b. Desiccant dryer, that will keep dew point around (-40 F)
Air will be distributed to cryogenic equipment that requires low dew point compressed air. 

2. Application II – General Accelerator – Compressed air system that supplies air to equipment in the PIP-II accelerator enclosure, gallery, and general equipment that is located outside the cryogenic compressor room footprint.  This compressed air system will be located in the PIP-II LINAC Service Building Mechanical Room
This system is going to require two different air dryers also.
a. Refrigerated air dryer that will keep dew point at or below (+40 F).
This compressed air will be distributed to RFQ couplers, vacuum valves and will be used as house air for air powered tools also.
b. Desiccant dryer, that will keep dew point around (-40 F).  This air will be distributed via distribution tubing to HWR, SSR1, and SSR2 couplers, where it will be used to prevent excessive cooling or condensation at the coupler ceramic windows.
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