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18.7.4    ERL & Large VTF and Auxilary supply/return to sPHENIX. Cryogenic System Operation
1. [bookmark: _Toc440205619]Purpose

This procedure covers the basic operation of the following systems:
Cryogenic System that provides cooling for the followings connected systems:
1. The Energy Recovery Linac (ERL)
2.a.  Large Vertical Test Facility VTF.
2.b   The VTF side includes the auxiliary bayonet taps with isolation valves
	i. To supply the sPHENIX magnet test
	   or liquid helium supply to Small Vertical Test facility

The cryogenic systems for ERL and the VTF consist of the following equipment in the following locations:

	Equipment
	Location

	46,000 Gal gas storage tank
	Outside 912 (large beige horizontal tank)

	1660S refrigerator coldbox
	EBA 912 High bay

	1000 Gallon Cryofab dewar
	EBA 912 High bay

	Subcooler, Ability Engineering
	EBA 912 High bay

	Valvebox, PHPK Technology
	EBA 912 High bay

	Wet expander, KochProcessSystem
	EBA 912 High bay

	Ambient vaporizer, Cryoquip
	912 NEBA side bay

	 40” Vertical test Dewar, PHPK
	EBA Inside the vertical test facility blockhouse

	Sullair compressor
	912 Compressor/vacuum pump building annex

	Kinney vacuum pumps
	912 Compressor/vacuum pump building annex

	Fine Oil Removal System, Balston
	912 EEBA side bay


	
	Equipment
	Location

	Valvebox for 5 cell, EDEN Cryogenics
	ERL BLOCK HOUSE

	5-cell cryomodule,
	ERL BLOCK HOUSE

	SRF Gun cryomodule
	ERL BLOCK HOUSE

	Valvebox for SRF Gun, EDEN Cryogenics
	ERL BLOCK HOUSE

	Cold cathode supply lines, EDEN Cryogenics
	ERL BLOCK HOUSE




	Equipment
	Location

	Valvebox for sPHENIX solenoid
	EBA 912 High bay

	LN2 dewar Helium gas cooler, CryoFab
	EBA 912 High bay near 1660 cryoplant

	Auxilary vacuum jacketed spool bayonetted taps on VTF sides
	EBA 912 High bay near Cryofab 3500 liter storage dewar



	Upgrade small helium plant liquefaction capacity
	LR1430 40LPH  Liquefier
	EBA 912 High bay near Cryofab 3500 liter storage dewar

	RS compressor 18 g/s helium compressor
	EBA 912 High bay against building wall





Liquid Nitrogen is distributed into the building via a main VJ main line that runs from outside the building into the ERL blockhouse and supplied the ERL 5-cell valvebox/cryomodule, the SRF gun valvebox-cryomodule and cold cathode shield, the LN2 main continues through the VJ bundle back out on the other side of the ERL blockhouse and supplies the plant and vertical test facility with LN2 for the shield.


	
	

	11,000 Gal LN2 Dewar
	Outside 912 (Vertical dewar) East side





[bookmark: _Toc440205620]Responsibilities

2.1	A shift supervisor, or an operator designated by the shift supervisor, is responsible for implementing the procedure.

[bookmark: _Toc440205621]Prerequisites

[bookmark: _Toc440205622]Training Requirements
	
	

	1
	Collider-Accelerator Access Training

	2
	Cryogen Qualified Worker

	3
	Cryogenic System Maintenance - EMS

	4
	Noise and Hearing Conservation
Noise Medical Surveillance Only

	5
	Oxygen Deficiency Hazard 1 Qualified
ODH Medical Surveillance Qualified

	6
	Static Magnetic Fields
Static Magnetic Field Medical Surveillance Only

	7
	Lockout/Tagout - Affected Employee

	8
	Radiological Worker I

	9
	Electrical Safety I

	
	

	
	



[bookmark: _Toc440205623]Drawings:   P&ID
	
	Dwg. No
	

	1
	010604071
	System PFD

	2
	010604041
	Scrf Gun System

	3
	010604046
	Ecx 5 cell cavity

	4
	010604039
	Warm gas storage Tank

	5
	010604035
	Mist Removal & Adsorber

	6
	010604034
	Cryofab 1000 Gal LHe DEwar

	7
	010604032
	Helium Compressor 1

	8
	010604031
	LN2 Storage 11,000 Gal

	9
	010604089
	2x2 Wet expander

	10
	010604048
	1660S cryoplant

	11
	010604015
	Kinney Vacuum Skid

	12
	010604087
	Subcooler

	13
	010604088
	Cold Cathode cooling loop

	14
	010604188
	sPHENIX solenoid test Bldg 912. cryogenic system

	15
	010604193
	LR1430S Helium Plant

	16
	010604194
	Compressor

	17
	010604197
	2 g/s Helium Purifier

	
	
	

	14
	CA6000002
	28 inch vertical test dewar

	15
	CA6010001
	40 inch vertical test dewar

	16
	CA6000001
	14 inch vertical test dewar

	
	
	

	
	
	Instrument Air: Pressure


[bookmark: _Toc440205624]  OPM’S
OPM’s for the following:
Vacuum pump skid (C-A-OPM 18.7.2).
[bookmark: _Toc440205625]   Operator objectives
Operator shall become familiar with the system P&ID drawings listed in this OPM, and referenced OPM’s, the control system screen(s) on the operator station, and the physical location of components.
[bookmark: _Toc440205626]   ESH

[bookmark: _Toc440205627]PPE
	The following PPE is required to handle the connection of portable liquid helium dewar to the cryomodule:

· Face Shield
· CryoGloves
· Long sleeve shirt

	The following PPE is required for working around the cryoplant components:
· Safety glasses
· Long sleeve shirt
· Double Hearing protection, compressor room and around relief valves

	While work is underway and an abnormal condition arises, re-review the job against criteria in applicable SBMS Subject Areas, and/or work planning requirements.  If unsure of further actions, discuss situation with supervisor.

[bookmark: _Toc440205628]Precautions and Facility Requirements
[bookmark: _Toc440205629]  ODH
Verify ODH systems for the 912 High Bay building, ERL blockhouse, Vertical test facility and compressor/vacuum pump room building are active/online. 

Posting of ODH 0 signs should be done if that has not been completed yet before startup or valve line up of any subsystems. Check with shift supervisor, cryo group mechanical technician supervisor, or cryo group operations group leader, or cryo group head.

0.1 [bookmark: _Toc440205630]      10” Relief Header ERL Blockhouse
The relief header discharges behind the radiation fence for the hallway between the blockhouse  and building wall. 

0.2 [bookmark: _Toc440205631]      Cordon off area around cryoplant
            Ensure area around the cryoplant is chained off with signs indicating authorized personnel only.

[bookmark: _Toc440205632]Startle/Noise Hazard 
   Check area for posting of startle hazard / loud noise signs at the compressor room relief, around   the cryoplant area, and discharge headers.

The compressor and Kinney vacuum room is very loud when running. The room is rated for double hearing protection, under 8 hours.
 
0.3 [bookmark: _Toc440205633]      Cooling Water tower
Ensure cooling tower is operational and water flow is present to the Sullair compressor and Kinney vacuum skid.
0.4 [bookmark: _Toc440205634]      Instrument Air
Verify that instrument air is available to the air supply line to the air actuated control valves. There are air distribution manifolds blocks inside the ERL blockhouse and near the 1660 plant area that supplies the valves.
[bookmark: _Toc440205635]   Helium Inventory
	The 46,000 Gallon tank will hold 220 liquid liters per atmospheric pressure.
	To have 3000 liquid liters equivalent the pressure needs to be 13.6 atmg or 200 psig

50,000 SCF tube trailer: each trailer will provide around 1800 equivalent liquid liters of helium inventory. 
0.5 [bookmark: _Toc440205636]      11,000 Gal LN2 Dewar
Verify there is liquid nitrogen in the dewar, at least 30% level at the manual level gage outside at the dewar. If the system has ready been run and the main LN2 line is open and is supplying LN2 to the system, then proceed to next section. 
[bookmark: _Toc440205637]Valve line up user equipment
Before opening the LN2 supply from the dewar to the main LN2 supply line into the building:
Verify that:
a. ODH system is functioning and active
b. The LN2 fill valve N6100A on the 1660S plant coldbox is closed
c. The shield supply control valve N3315A on the 40 inch vertical test dewar is closed or LOTO’s closed
d. The shield supply control valve N3302A to the ERL 5-cell cryostat (010604071) is closed
e. The shield supply control valve N3303A to the ERL SRF Gun cryostat (010604071) is closed
f. The LN2 supply control valve N3307A to the Cold Cathode Cooling loop (010604088) is closed
g. The LN2 supply isolation valve N3572M on the Auxiliary LN2 tap to is closed. [e.g. to LN2 helium gas cooler used for sPHENIX  magnet] (010604071/010604188) 

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	N6100A
	010604048
	LN2 fill valve 1660  LN2 precooling
	1660 Top plate Rear 
	CLOSE
	

	N3301M
	010604071
	The shield supply control valve N3303A to the ERL SRF Gun cryostat
	SRF GUN Valve box EDEN
	CLOSE
	

	N3302A
	010604071
	The shield supply control valve N3302A to the ERL 5-cell cryostat
	On LN2 line next to 5-cell Valve box EDEN
	CLOSE
	

	N3303A
	010604071
	The shield supply control valve N3303A to the ERL SRF Gun cryostat
	SRF GUN Valve box EDEN
	CLOSE
	

	N3315A
	010604071
	The shield supply control valve N3315A on the 40 inch vertical test dewar is closed
	On Cryoduct trunk above valve box
	CLOSE
LOTO
	

	N3572M  
	010604071
	Manual isolation valve on the auxiliary LN2 supply bayonet tap with installed isolation valve N3572M
	Above the 1660 plant coldbox at the LN2 main VJ supply feed to plant
	CLOSE
	



****************************************************************************
PRECAUTION:
 ODH SENSING and INTERLOCK SYSTEM
 MUST BE OPERATIONAL
Verify that the ODH system is up and running and has been certified.
The automatic isolation valve will automatically be opened if the ODH system is up and running and the ODH status is safe 
***********************************************************************	
[bookmark: _Toc440205638]Cooldown of main LN2 supply line: 
	Proceed with opening the main isolation valve if the system is ready.

UnLOTO the main manual isolation valve N3334M, located at the dewar when the rest of the cryogenic system is ready.

The automatic LN2 isolation valve N3354A will be already open once the ODH system is active 

Once the Main manual isolation valve N3334M is opened, the line will commence cooldown on its own, due to the presence of keep-fulls on the main supply line. The keep-fulls will vent vapor until there is liquid in the keep-fulls. 
Verify the keepfulls are venting. This can be done by going to the discharge of the nitrogen vent line system located just outside the wall near the large helium storage tank.

[bookmark: _Toc440205639]Preparation

0.6 [bookmark: _Toc440205640]     Instruments 
Verify all pressure, temperature, and differential pressure instruments have indication on the HMI control screens.

[bookmark: _Toc440205641]Procedures

The procedures are organized a section for preparing the skid and system, with valve-line-ups for each piece of equipment starting from a cleaned system or a shutdown with a pump and purge and skid check out.

The section following that gives instruction for start-up, operation, and cool down of equipment.

The subsequent section gives instruction for warm and or shutdown of the equipment.

The last section gives procedures in the event of catastrophic failures and emergencies.
0.7 [bookmark: _Toc440205642]Initial Line up and System Clean out
[bookmark: _Toc440205643]Main Helium Compressor and Oil Removal System

	Compressor skid (dwg: 010604032 Helium Compressor 1 P&ID)
	Oil Removal System (dwg: 010604035 P&ID)

Table 6.1.1 Helium Compressor skid valve line up
	Tag
	Description
	
	

	E3300M
	Bulk Oil separator drain
	CLOSE
	

	E3306M
	Oil filter selector valve
	Switch #1 strainer
	

	E3307M
	Oil filter #1 pressure sensor isolation valve
	OPEN
	

	E3308M
	Oil strainer #1drain valve
	CLOSE
	

	E3311M
	Oil filter #2 pressure sensor isolation valve
	CLOSE
	

	E3312M
	Oil strainer #2 drain valve
	CLOSE
	

	E3315M
	isolation valve, oil strainer inlet pressure indicator gage
	OPEN
	

	E3314A
	Selector valve between oil manifold pressure or strainer inlet pressure monitoring
	Automatic
	

	W0100M
	Water bleed down/drain valve, after-cooler exit water side
	CLOSE
	

	W0101M
	Water bleed down/drain valve, water exit oil cooler side
	CLOSE
	

	W4000M
	Water bypass valve around TCV W3301A
	Open ¼ turn
	

	W3301A
	Temperature control valve, cooling water
	Automatic
	

	W0102M
	Water outlet valve from compressor skid
	OPEN
	

	W0104M
	Water inlet valve to compressor skid
	OPEN
	



Interlocks and alarms
The following hard wired shutdown interlocks are on the skid.
These interlocks should be tested if the system has not been operated for over a year.

Table 6.1.2 Shutdown Wired Interlocks 
	Tag
	Description
	

	PSH-3306H A/B
	High discharge pressure, switch
	250 psi

	TSH-3306H
	High discharge temperature, switch
	240 °F

	PSL-3307H
	Low Oil pressure, [DP] switch, manual reset
	40 psid  (below discharge)

	PSL-3305H
	Low suction pressure, switch, manual reset
	-5 psig

	TSH-3304E
	High oil temperature, oil-pump inlet, switch
	240°F


[bookmark: _Toc440205644]Instruments /Controllers
	TSH-3305E
	High oil temperature, bulk oil heater controller
	165°F

	TT3323H
	Discharge temperature compressor
	

	PI 3317H
	Pressure gage discharge pressure
	

	PI 3319H
	Pressure gage suction pressure

	


[bookmark: _Toc440205645]Compressor Pre-operation Preparation

	Initial Oil Charge
Sufficient oil should be charge into the oil separator reservoir to establish a level in the upper sight glass.
An additional 2 gallons (8 liters) of oil should be pumped into the filter through the valve in the bottom of the filter canister to assure adequate lubrication during initial start-up.

Check  that  the  bearings are  pre-lubricated by loosening a nipple  on the discharge journal bearing oil supply  line at the compressor bearing  and pump  a  small  additional amount  of  oil  until  oil weeps at the loosened nipple. Make a final check by pumping further oil and noting the pressure increase on the oil pressure gauge.

	Initial Oil Warm-up
After installing the initial oil charge, connect the oil heater and supply power to the compressor panel. This will allow the oil in the oil reservoir to warm to operating temperature and will help facilitate a smooth start-up.

With power to the motor off, power supplied to the panel and the oil temperature below the thermostat setting of 165°F verify that the oil heater is on by checking the current drawn. Alternatively check the heater element by noting the relative temperature of the separator at the element and the opposite side.
[bookmark: _Toc440205646]Capacity Control Electrical Valve Actuator
Cam limit settings: Follow the manufacturer’s manual for adjusting the cam limits for the slide valve control.

	
The following paragraph covers only the initial pre-operation preparation of the compressor and not the remainder of the refrigeration system. Be sure that all necessary system valves are open and that the refrigeration system is ready for start-up. Use the following check list to guarantee that no items of importance regarding the compressor package have been overlooked.
1. Motor starter breaker disconnected from the electric supply line.
2. Low oil pressure protective switch reconnected.
4.  All protective switches verified for correct operation.
5. Oil temperature in the separator sump is 105°F. 
6. Oil level established in upper sight glass.
7. Two gallons (8 liters) of oil pumped into filter to pre-lubricate the compressor bearings.
8. Cooling water to oil cooler turned on.

	Oil Pump
The pump is shaft driven by the compressor drive, so there is no oil injection before startup, unlike a motor powered pump.
[bookmark: _Toc440205647]Gas Management valves

Valve Check-out
If the gas management valves have not been operated for over a year, the valves should be checked out by stroking the control valves.  

With nothing running yet:
Isolate the gas storage tank by closing the manual isolation ball valve H3484M, to prevent gas flow from tank during stroking of gas management valve.
Stroke the valves and have someone observe that they are functioning.
Put H3301A and H3300A back into automatic PID control, leave H3302A in manual, closed.

Gas Management valves
	Tag
	Description
	Check 

	H3301A
	by-pass valve
	

	H3300A
	pumpback (mass-out)
	

	H3302A
	Make-up (mass–in)
	



Tuning Parameters
	
	
	H3301A 
	H3300A
	H3302A

	Proportional  Band  (1/Gain)
	KP
	35
	18
	18

	Integral  (1/Reset)
	KI
	11
	6
	6

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Reopen isolation valve on gas storage tank after completion of control valves check-out.

[bookmark: _Toc440205648]Gas storage valve line up
	Tag
	P&ID dwg
	Description
	Position
	Check 

	H3484M
	010604039
	isolation valve on gas storage tank
	OPEN
	




[bookmark: _Toc440205649]Charcoal bed and final filter valve line up
	Tag
	P&ID dwg
	Description
	Position
	Check 

	H3306M
	'010604035
	isolation valve between 4th stage coalescers and carbon adsorber bed inlet
	OPEN
	

	H3476M
	'010604035
	Purge Valve, Inlet side Oil removal charcoal bed
	CLOSE
	

	H3477M
	'010604035
	Regen gas supply isolation valve
	CLOSE
	

	H3478M
	'010604035
	Isolation valve, Bed Particulate Guard filter outlet side
	OPEN
	

	H3479M
	'010604035
	Gas Sample needle valve, Bed Particulate Guard filter outlet side
	CLOSE
	

	H3480M
	'010604035
	Purge valve, Bed Particulate Guard filter outlet side
	CLOSE
	

	H3481M
	'010604035
	Bleed Valve, Inlet side Oil removal charcoal bed
	CLOSE
	


[bookmark: _Toc440205650]Valve line-up Table, Normal Operation: Oil Coalescers Valves

1st stage CLS-001A 
	Tag
	Description
	Position
	Check 

	H3396M
	Bypass valve, Oil Float drainer, stage 1-A,  DX
	CLOSED
	

	H3397M
	Isolation valve oil level sight glass indicator LI 3301, bottom
	OPEN
	

	H3359M
	Isolation valve oil level sight glass indicator LI 3301, top
	OPEN
	

	H3358M
	Isolation valve dp indicator  DPI 3301
	OPEN
	

	H3357M
	Isolation valve dp indicator  DPI 3301
	OPEN
	


1st stage CLS-001B  
	Tag
	Description
	Position
	Check 

	H3446M
	Bypass valve, Oil Float drainer, stage 1-B,  DX
	CLOSED
	

	H3445M
	Isolation valve oil level sight glass indicator LI 3302, bottom
	OPEN
	

	H3398M
	Isolation valve oil level sight glass indicator LI 3302, top
	OPEN
	

	H3444M
	Isolation valve dp indicator  DPI 3302
	OPEN
	

	H3399M
	Isolation valve dp indicator  DPI 3302
	OPEN
	



2nd stage CLS-002A 
	Tag
	Description
	Position
	Check 

	H3451M
	Bypass valve, Oil Float drainer, stage 2-B,  BX
	CLOSED
	

	H3450M
	Isolation valve oil level sight glass indicator LI 3303, bottom
	OPEN
	

	H3447M
	Isolation valve oil level sight glass indicator LI 3303, top
	OPEN
	

	H3448M
	Isolation valve dp indicator  DPI 3303
	OPEN
	

	H3449M
	Isolation valve dp indicator  DPI 3303
	OPEN
	



2nd stage CLS-002B  
	Tag
	Description
	Position
	Check 

	H3394M
	Bypass valve, Oil Float drainer, stage 2-A,  BX
	CLOSED
	

	H3395M
	Isolation valve oil level sight glass indicator LI 3300, bottom
	OPEN
	

	H3319M
	Isolation valve oil level sight glass indicator LI 3300, top
	OPEN
	

	H3315M
	Isolation valve dp indicator  DPI 3300
	OPEN
	

	H3314M
	Isolation valve dp indicator  DPI 3300
	OPEN
	



3rd stage CLS-003A
	Tag
	Description
	Position
	Check 

	H3457M
	Coalescing filter drain valve to compressor
	CLOSED
	

	H3452M
	Isolation valve oil level sight glass indicator LI 3304, bottom
	OPEN
	

	H3453M
	Isolation valve oil level sight glass indicator LI 3304, top
	OPEN
	



3rd stage  CLS-003B  
	Tag
	Description
	Position
	Check 

	H3469M
	Coalescing filter drain valve to compressor
	CLOSED
	

	H3465M
	Isolation valve oil level sight glass indicator LI 3306, bottom
	OPEN
	

	H3466M
	Isolation valve oil level sight glass indicator LI 3306, top
	OPEN
	



4th stage CLS-004A  
	Tag
	Description
	Position
	Check 

	H3463M
	Coalescing filter drain valve to compressor
	CLOSED
	

	H3460M
	Isolation valve oil level sight glass indicator LI 3305, bottom
	OPEN
	

	H3461M
	Isolation valve oil level sight glass indicator LI 3305, top
	OPEN
	


4th stage CLS-004B
	Tag
	Description
	Position
	Check 

	H3475M
	Coalescing filter drain valve to compressor
	CLOSED
	

	H3472M
	Isolation valve oil level sight glass indicator LI 3307, bottom
	OPEN
	

	H3471M
	Isolation valve oil level sight glass indicator LI 3307, top
	OPEN
	



[bookmark: _Toc440205651]Compressor System and warm piping clean out
For independent pump and backfill of the compressor system volume the following can be carried out.
[bookmark: _Toc440205652]Valve lineup

	Tag
	Description
	Position
	Check


	H3305M

	Compressor suction manual main isolation
	CLOSED
	

	H3478M

	Charcoal bed outlet filter manual isolation
	CLOSED
	

	H3306M
	Charcoal bed inlet
	OPEN
	

	H3303M
	Compressor manual bypass
	OPEN
	



	Valve H3310M:

Connect a vacuum pump and clean helium gas source to this valve to be used for the pump and backfill. 

	Evacuate the volume to 5 Torr and back fill with 99.99 Helium to 1 atmosphere.

	Repeat this process 3 times.


[bookmark: _Toc440205653]Running the compressor skid by itself
	
Valve line up main flow path compressor startup
	Tag
	P&ID dwg
	Description
	Location
	Position
	Check


	H3478M

	010604071
	Charcoal bed outlet filter manual isolation
	After particulate filter housing
	OPEN
	

	H3306M
	010604071
	Charcoal bed inlet
	Top of charcoal bed
	OPEN
	

	H3303M
	010604071
	Compressor manual bypass
	
	CLOSE
	

	H3305M
	010604071
	Compressor suction isolation
	Top of return line near Sullair compressor
	MANUAL
	

	H10947M
	010604071
	Isolation valve between helium shield and lead flows manifold and compressor low side return line
	On manifold end for MKS mass flow controllers
	
	



	To run the skid by itself, without operational of the rest of the equipment that interfaces to:
Kinney skid
40 inch vertical test dewar
5K circuit return manifold

Valve line up other interface to compressor system

	Tag
	P&ID dwg
	Description
	Location
	Position
	Check

	H3404M
	010604015
	Isolation valve to Sullair suction line
	Kinney pumping system
	CLOSE
	

	H3522M
	CA6010001
	¼ inch helium purge line
	Vertical test dewar block house
	CLOSE
	

	H3554M
	010604071
	¼ inch helium purge valve tee off tap on 2” HP
	On above 2” piping near subcooler
	CLOSE
	

	H9893C
	010604048
	Check valve

	Above 1660S coldbox
	
	

	H10947M
	010604071
	5K circuit return Manifold isolation valve
	System PFD diagram
	CLOSE
	

	H3553M
	010604071
	Isolation valve HP helium to VTF ½” line
	Near 1660 coldbox on 2 inch HP supply line
	CLOSE
	




[bookmark: _Toc440205654]Helium Refrigerator 1660S Cold box Preparation
[bookmark: _Toc440205655] Overspeed Safety Device trip switch check

Using  the tool provided for the trip switch, to trip the switch, pull towards you, away from the flywheel.

Coldbox inlet valve H9904A should close and dump valve H9845A should open and dump inventory on the high pressure side of the coldbox to atmosphere.

The engine trip light(s) should light up.

To reset the switch: push away from you, or towards the flywheel.


[bookmark: _Toc440205656]Preliminary Checkout

1.		Verify the conditions  as listed below and make necessary corrections.
a.	 The system has been decontaminated in accordance with Section 5.4.
	c.	The System Control Mode  switch is in "Local". All Auto/Manual selection switches on the control panel are in  the "Auto" position.
d.	The vacuum jacket pressure is less    than 100 microns as indicated on thermocouple gauge VC100/VT101 (VIC-45).
e.	The collet clearance on the engine- valves is set in accordance with Section 5.1.13 of vendor manual.
f. 	Refer to Table 4-1 for position of inlet cams.      
. g.	The toothed timing belts have   been  tightened to deflect about 1/8 inch with a moderate force of about 10 pounds at mid-span.
h.	Any external manual compressor bypass valves are closed.

2.	When using liquid nitrogen for precooling, ensure that the LN2 supply is at 30 psig and ready for use.

3.	Determine correct valve positions as follows: 

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	H9916A
	010604048
	Actuated isolation valve (V354) between  Return bayonet line BC-3 and Exchanger HX2504B (E34B) cold end of plant
	Top plate rear
	CLOSED
	

	H9915A
	010604048
	Actuated isolation valve (V355) between  Return bayonet line BC-4 and Exchanger HX2504A (E34A)
	Top plate rear,
	CLOSED
	

	H9914A
	010604048
	Actuated isolation valve (V356) between  Return bayonet line BC-2 and Exchanger HX2504 (E34)
	Top plate rear,
	CLOSED
	

	H9917A
	010604048
	Actuated Cross-over valve (V350) between  Return bayonet line BC-2 and Cooldown return bypass line low side
	Top plate front
	CLOSED
	

	H9918A
	010604048
	Actuated Cross-over valve (V351) between  Return bayonet line BC-4 and Cooldown return bypass line low side
	Top plate front
	CLOSED
	

	H9919A
	010604048
	Actuated Cross-over valve (V352) between  Return bayonet line BC-3 and Cooldown return bypass line low side
	Top plate front
	CLOSED
	

	H9907A
	010604048
	Actuated cooldown return valve(V389) from cooldown return header to between HX2502 (E32) and HX-2503 (E33)
	Top plate front
	CLOSED
	

	H9905A
	010604048
	Actuated cooldown return valve(V387) from cooldown return header to between HX2500 (E30) and HX-2501 (E31)
	Top plate front
	CLOSED
	

	H9912A
	010604048
	Actuated isolation valve (V367) between  JT supply and bayonet BC-1
	Top plate rear
	CLOSED
	

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	CLOSED
	

	H9911A
	010604048
	Actuated Isolation valve (V342) for BC-5 connection
	Top plate rear, right
	CLOSED
	

	H9906A
	010604048
	Actuated Cooldown supply crossover valve (V385) from HP after charcoal beds (60K)into cooldown line supply line
	
	CLOSED
	

	H9908A
	010604048
	cooldown Crossover valve (V382) to BC-6 connection from expanders 9A/B
	Top plate front, right
	CLOSED
	

	N6000M
	010604048
	Manual isolation valve, LO side of DPT6090N
	
	OPEN
	

	N6001M
	010604048
	Manual isolation valve, HI side of DPT6090N
	
	OPEN
	

	N6002M
	010604048
	Manual equalization valve, on DPT6090N
	
	CLOSED
	

	H9913A
	010604048
	Actuated isolation valve (V318) on discharge side of expanders 9A/B
	Top plate front, right
	OPEN
	

	H9821M
	010604048
	Manual purge valve (V312) on HP helium line UPSTREAM of boiler
	
	CLOSED
	

	H9807M
	010604048
	Manual isolation valve(V339) for low side tap(to atmosphere) on compressor return line
	
	CLOSED
	

	H9813M
	010604048
	Bleed Valve from high pressure line precooler supply to atmosphere (V397)
	
	CLOSED
	

	H9863M
	010604048
	Manual purge valve (V377)on return line Bayonet BC-3
	
	CLOSED
	

	H98xxM
	010604048
	Manual purge valve (V376)on return line
Bayonet BC-4
	
	CLOSED
	

	H9861M
	010604048
	Manual purge valve (V373)on return line Bayonet BC-2
	
	CLOSED
	

	H9811M
	010604048
	Manual needle valve (V396) for supplying warm helium purge upstream of JT5 valve (JT 307)
	
	CLOSED
	




Valves isolating the charcoal adsorber not being used (either Bed E36A or bed E36B) are closed and valves isolating the charcoal adsorber that is being used are open.


Charcoal Adsorber Beds Valves

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	H9849M
	010604048
	Upstream manual isolation valve (V31) of charcoal bed F2001H (E36-A)
	Top plate front right
	CLOSED
	

	H9852M
	010604048
	Downstream manual isolation valve (V32) of charcoal bed F2001H (E36-A)
	Top plate front right
	CLOSED
	

	H9850M
	010604048
	Upstream manual isolation valve (V33) of charcoal bed F2002H (E36-B)
	Top plate front right
	OPEN
	

	H9851M
	010604048
	Downstream manual isolation valve (V34) of charcoal bed F2002H (E36-B)
	Top plate front right
	OPEN
	





	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	H9825M
	010604048
	Regen vacuum pumpout / backfill cross over valve (V35) for charcoal bed B
	
	CLOSED
	

	H9824M
	010604048
	Regen vacuum pumpout / backfill cross over valve(V36) for charcoal bed A
	
	CLOSED
	

	H9817M
	010604048
	Manual isolation valve, to evacuation line from low pressure compressor return line
	
	CLOSED
	

	H9819M
	010604048
	Manual isolation valve (V43) of evacuation line from vacuum pump
	
	CLOSED
	

	H9818M
	010604048
	Manual blowdown dump or external source connection valve(V44) for evacuation header section isolated by valve H9819M
	
	CLOSED
	





No. 1 Engine   maintenance valves
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	H9828M
	010604048
	Manual isolation valve (V61) evacuation line for Inlet side to expander   EX8A (E37A)
	
	CLOSED
	

	H9829M
	010604048
	Manual isolation valve (V63) evacuation line for Inlet side to expander   EX8B (E37B)
	
	CLOSED
	

	H9842M
	010604048
	Manual isolation valve (V18) engine purge line out from outlet side of expander   EX9A (E37A)
	
	CLOSED
	

	H9831M
	010604048
	Manual isolation valve (V25) engine purge line to  Inlet side to expander   EX8B (E37B)
	
	CLOSED
	




No.2 Engine  maintenance valves

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	H9836M
	010604048
	Manual isolation valve (V62) evacuation line for Inlet side to expander   EX9A (E39A)
	
	CLOSED
	

	H9837M
	010604048
	Manual isolation valve (V64) evacuation line for Inlet side to expander   EX9B (E39B)
	
	CLOSED
	

	H9838M
	010604048
	Manual isolation valve (V17) engine purge line to  Inlet side to expander   EX9A (E39A)
	
	CLOSED
	

	H9839M
	010604048
	Manual isolation valve (V27) engine purge line to  Inlet side to expander   EX9B (E39B)
	
	CLOSED
	




Engine  inlet  isolation valves
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	H9853M
	010604048
	Manual isolation valve (V315) inlet to expander   EX8A (E37A)
	
	CLOSED
	

	H9854M
	010604048
	Manual isolation valve (V325) inlet to expander   EX8B (E37B)
	
	CLOSED
	

	H9857M
	010604048
	Manual isolation valve (V317) inlet to expander   EX9A (E39A)
	
	CLOSED
	

	H9858M
	010604048
	Manual isolation valve (V337) inlet to expander   EX9B (E39B)
	
	CLOSED
	




Coldbox isolation valves
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9809M
	010604048
	1660 Coldbox High pressure inlet Manual isolation valve. H9809M (V391M)
	Left rear corner of 1660 skid
	CLOSED
	





[bookmark: _Toc440205657]Blowdown of the main heat exchanger high pressure side

1.	Install the locking bars in the flywheels if they are not installed.
Open valve H9821M (V312) and decrease the pressure in-the refrigerator to approximately 5 psig as shown on pressure gauge PI754H (PI34).

2.	Open valve H9904A (V806) to 50% stroke as follows:
	
a. Press the SV/MV push-button of the H9904A (V806) temperature controller TC-5 (TIC-806) repeatedly until the MV value is displayed on the controller. This is the output (valve stroke) percentage.

b. Place the H9904A (V806) temperature controller TC-5 (TIC-806) in manual mode by depressing the A/M push­ button. The Manual Operation Lamp "M" should be illuminated.

c. Press the up or down arrow push buttons to attain a 50% stroke output

	With compressor running

3.	Start a compressor. Ensure that makeup gas is available to the gas management pressure control system.

4.	Crack manual valve H9809M (V391) open a bit to allow slow pressure build up when the solenoid valve is opened. 

5. 	Place the H9903A (V323) control switch, HS3700 (SS323), in the "Open" position to allow gas to pressurize the main heat exchanger to 240 psig as indicated on PI34.

6. 	Place the H9903A (V323) control switch in the "Close" position.

7. 	Open valve H9821M (V312) to one-half (1/2) turn to blow down main heat exchanger.

8. 	Close valve H9821M (V312) when PI754H (PI34) is between 10 and 20 psig.

	NOTE:   If there is any possibility that water still remains in the heat exchanger, repeat steps 5 through 8.

9. 	Place the H9904A (V806) temperature controller TC-5 (TIC-806) in automatic mode by depressing the A/M push-button on the controller. H9904A (V806) will automatically close.


[bookmark: _Toc440205658]Pump & Purge using HP bottles
After the plant has been shut down and all the sections isolated right after shutdown to contain the contamination in the first heat exchanger HX2500 (E30) and adsorber beds (F2001H/F2002H).
			
If the compressor is not running and heat exchanger HX2500 (E30) high pressure side needs to be blown down, using bottle gas.
1. Connect a helium bottle with regulator to Valve H9913M (V397). A high pressure regulator is required to regulate to 250 psig.	

2.	Keep coldbox isolation manual valve H9809M (V391) closed. 

3. 	Place the H9903A (V323) control switch, HS3700 (SS323), in the "Open" position to allow gas to pressurize the main heat exchanger to 230 psig as indicated on PI34.


6. 	Place the H9903A (V323) control switch in the "Close" position.

7. 	Open valve H9821M (V312) to one-half (1/2) turn to blow down main heat exchanger.

8. 	Close valve H9821M (V312) when PI754H (PI34) is between 10 and 20 psig.

	NOTE:   If there is any possibility that water still remains in the heat exchanger, repeat steps 5 through 8.

9. 	Place the H9904A (V806) temperature controller TC-5 (TIC-806) in automatic mode by depressing the A/M push-button on the controller. H9904A (V806) will automatically close.
10. 	When completed, close valve H9813M (V397) from bottle gas.

[bookmark: _Toc440205659]Regeneration of 80K Charcoal adsorbers

.
	NOTE: Only one adsorber can be regenerated at a time.
If the plant has been shut down for a while both adsorbers should be regenerated.

	1. 	Select the adsorber for regeneration.

2. Open the in line valves to the standby adsorber allowing both adsorbers to operate in parallel.

3. Isolate the contaminated adsorber from the gas stream using the corresponding valves for the bed.

	Beds Valves
	
	Adsorber A
Isolated for regen
	Adsorber B
Isolated for regen

	Closed
	H9849M (V31)
	H9850M (V33)

	Closed
	H9852M (V32)
	H9851M (V34)

	Open
	H9850M (V33)
	H9849M (V31)

	Open
	H9851M (V34)
	H9852M (V32)




4. Open valve H9818M (V44) to vent to atmosphere

5. Slowly open valve H9825M (V35) Bed A or H9824A (V36) Bed B to bleed the pressure to the gas bag or atmosphere.

6. Verify the temperature controller TC-6 (TIC-1) located on the lower instrument subpanel is set to a 40°C temperature setpoint.

CAUTION:  DO NOT EXCEED 40°C.

7.  Turn heater on by selecting bed E36A or E36B on the instrument subpanel.
8.    Start the auxiliary vacuum pump attached to connection "A" at the rear of the cabinet after the filter has reached approximately 30°C or higher.

9. Close valve H9818M (V44).

10. Open valve H9819M (V43).

11. Evacuate for a period of approximately four hours while heat is being applied.

12. Switch off the heater.

13. Close valve H9819M (V43).

14. Shut off the customer supplied vacuum pump

15. Back fill the adsorber by cracking open using either valve
	 H9852M (V32) Bed A or H9851M(V34) Bed B.
	
Close H9852M (V32) Bed A or H9851M (V34) Bed B after back fill is complete.

	16. Adsorber precool
If the plant is already running, and therefore, it is necessary to precool adsorbers before putting it back into service, proceed as follows:
	a. Open valve H9849M (V31) Bed A or H9850M (V33) Bed B.
	b. Open valve H9817M (V42), which connects to the low pressure side of the plant.

	Tag
	P&ID dwg
	Description
	Location
	Position
	Check


	
	
	
	
	
	

	
	
	
	
	
	




c. Slowly open valve H9825M (V35) Bed B or H9824M (V36) Bed A to bleed gas back to the return (low pressure side) side of the refrigerator.

**********************************************************************
CAUTION: DO NOT OPEN VALVE H9825M MORE THAN NECESSARY TO BLEED A SMALL FLOW. SUPPLY PRESSURE AT PI747H (PI33) WILL FALL OFF RAPIDLY WITH FULL OPEN VALVE.
	 *********************************************************************
	d. Close valve H9849M (V31) Bed A or H9850M (V33) Bed B.
	e. Close valve H9825M (V35) Bed B or H9824M (V36) Bed A.
	f.    Close valve H9817M (V42).

  ===============================================================

[bookmark: _Toc440205660]Liquid Helium 1000 Gallon Storage Dewar Preparation
[bookmark: _Toc440205661]To prepare the dewar for cooldown with the 1660 plant

	LI3314H: Local liquid level Differential Pressure gage
		Open manual valve H3496M
		Open manual valve H3498M

	PI3314H: Local gage Dewar pressure
		Open valve H3491M

	FIC3304H: Local gage Dewar neck flowmeter / controller
		Open the metering valve on the flowmeter

	Valve H4911M should be closed, if the helium volume has been cleaned out, otherwise the helium dewar is open to atmosphere.

	Close valve H3499M: Cooldown return back to low pressure return line to compressor suction.

	Verify heater variac controller JIC 3301H is at 0.0 zero.

	LI3313H: Superconducting level probe is off, until the dewar has reached below 20K.

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	H3490M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom feed coming Lhe from 1660 JT valve
	Top of dewar, bayonet line
	OPEN
	

	H3491M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  2-phase feed coming Wet expander into dewar
	Top of dewar, bayonet line
	CLOSE
LOTO
	

	H3492M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  vapor return to 1660 low pressure return 
	Top of dewar, bayonet line
	OPEN
	

	H3493M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom liquid draw  Lhe from dewar
	Top of dewar, bayonet line
	CLOSE
	

	H3494R
	010604034
	Relief valve, 1000 Gal dewar, 40 psig
	Top of dewar
	RELIEF
	

	H3496M
	010604034
	Manual Isolation valve, High side, Liquid level head DP sensor LI 3314H
	Top of dewar
	OPEN
	

	H3497M
	010604034
	Manual Isolation valve, exit vent for vapor cooled shield / neck intercept bleedflow
	Top of dewar
	CLOSE
	

	H3498M
	010604034
	Manual Isolation valve, Low side, Liquid level head DP sensor LI 3314H
	Top of dewar
	OPEN
	

	H4911M
	010604034
	Purge Valve for helium storage Dewar
	Top of dewar
	CLOSE
	

	H3499M
	010604034
	Manual Isolation valve vapor side return during cooldown of dewar back to compressor suction
	Top of dewar
	CLOSE
	

	V3304M
	010604034
	Bleed up valve for insulating vacuum space liquid helium dewar
	Top of dewar
	CLOSE
	

	V3306M
	010604034
	isolation valve for vacuum gage
	Top of dewar
	CLOSE
	

	FIC3304H
	010604034
	Rotometer Flow indicator of vapor cooled shield flow with manual metering valve
	Front panel dewar
	OPEN
	

	EHTR-1
	010604034
	Boil-off heater in dewar, variac
	Front panel dewar
	ZERO %
	

	LI3313H
	010604034
	Liquid level sensor for Lhe dewar, Superconducting probe
	HMI
	
	

	LI3314H
	010604034
	Liquid level sensor for Lhe Dewar, local DP level gage
	Front panel dewar
	
	

	LT3313H
	010604034
	Liquid Helium Storage Dewar level Probe
	Top of dewar
	
	

	PI3314H
	010604034
	Pressure indicator, local dial gage, liquid helium storage  dewar pressure
	Front panel dewar
	
	

	PT3313H
	010604034
	30 psia pressure sensor, Liquid helium dewar
	HMI
	
	

	PT3315V
	010604034
	Vacuum gage, thermocouple DV-6
	Front panel dewar
	<50 mTorr
	



[bookmark: _Toc440205662]Independent Pump and purge of LHe dewar
	An independent pump and purge on the helium volume can be done via manual valve H4911M
	located on the dewar neck area and by closing the following Supply and withdrawal valves.
		H3490M
 		H3491M
		H3492M
		H3493M

Proceed with the pump and purge: evacuate to less than 5 Torr and back fill to 1 atmosphere.
Repeat this 2 more times.

Open the following Supply and withdrawal valves after completion of the independent pump and purge:
	H3490M
 	H3492M
	H3493M
           

[bookmark: _Toc440205663]Subcooler Preparation
[bookmark: _Toc440205664]Helium Bath Volume Pump and Purge
	To pump and purge the subcooler independently, the two main valves that isolates the helium bath volume from the system, H3330A and H3486M should be closed already.
	
	
	

	Tag
	P&ID Number
	Description	
	Location
	POSITION
	Check


	H3330A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fillvalve
	On distribution valvebox PHPK
	CLOSE
	

	H3486M
	010604071
	Manual isolation valve: Return vapor subcooler bath to vapor return line 1660 Plant BC-2
	On transfer line behind subcooler 
	CLOSE
	



	
	Close H3373M to isolate ½-psig shutdown relief valve
	Open instrument valve H3376M to PT3300H
	Close cooldown return valve H3377M
	Close shield return valve H3378M
	Leave/ turn off Superconducting level sensor controller LT3303H until the subcooler is cold.
	Temperature sensor TT3300H can be used to monitor cooldown.
	
	Independent pump and purge can be done by removing H3372R and using H3373M for pump and backfill.

	Pump and backfill can be done together with the low pressure side of the1660S coldbox, by opening valve H3486M.


	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	
	
	
	
	
	

	H3373M
	010604087
	Isolation valve for 1/2 psig relief H3327R
	On subcooler skid
	CLOSE
	

	H3376M
	010604087
	Isolation valve for instrumentation
	On subcooler skid
	
	

	H3377M
	010604087
	Cooldown return valve to compressor suction
	On subcooler skid
	CLOSE
	

	H3378M
	010604087
	Isolation valve for shield flow flowmeter
	On subcooler skid
	CLOSE
	

	FE3303
	010604087
	Heat shield outlet flow
	On subcooler skid
	CLOSE
	

	LT3303H
	010604087
	Subcooler level probe
	On subcooler skid
	OFF
	

	PI3302H
	010604087
	Pressure indicator, local dial gage, subcooler bath pressure
	On subcooler skid
	
	



[bookmark: _Toc440205665]Subcooler insulating vacuum volume
	Verify vacuum level on vacuum gage PT3301V by plugging in a local thermocouple gage readout for a DV-5/DV-6 gage.
	If the pressure is above 50 micron, connect a vacuum pump to pump-out port H3534R and evacuate to below 50 micron.
             ===============================================================
[bookmark: _Toc440205666]Distribution Valvebox / Cryoduct Preparation
The distribution valvebox allows the plant to supply flow to the Large vertical test dewar and/or the ERL cryomodules. 
Most of the valves are on the PHPK distribution valve box, some valves are on the transfer lines. Refer to P&ID 010604071.

[bookmark: _Toc440205667]Distribution Valvebox / Cryoduct (VJ bundle) insulating vacuum volume
The valve box / cryoduct share the same insulating vacuum volume.
The volume is engineered to have active pumping, using a turbo-molecular pump.
The turbo pump is located on the cryoduct jacket near the distribution valve box.
If the volume was backfilled with nitrogen for maintenance, the volume can be roughed down via a 1.5 inch butterfly vacuum valve on the tee off port for the turbo pumping system.
Connect a rough vacuum pump with a booster pump to rough the volume down to 50 millitorr to allow the turbopump to cross over.
You will need 2 weeks of ambient temperature degassing to get the vacuum level in the 10-5 Torr range.

             ===============================================================
[bookmark: _Toc440205668]Wet Expander Preparation
	Ensure the locking bar on the expander flywheel is in place.

[bookmark: _Toc440205669]Pump and purge of wet expander skid to low side of 1660 plant
Pump and purge of the wet expander will be done concurrently with the low pressure side of the plant. The following valves, which tie both the upstream side and downstream side of the expander, need to be opened to connect to the cooldown return to the low side of the plant.



	Tag
	Description
	Position
	Check 

	H3385A
	Inlet actuated isolation valve
	CLOSED
	

	H3384M
	Manual isolation to cooldown return
	OPEN
	

	H3392M
	Manual isolation to cooldown return
	OPEN
	

	H3391M
	Manual isolation expander discharge side.
Remain closed, if the 1000 gal dewar is already clean and operational
	CLOSED
	

	H3382M
	Independent helium supply/evacuate manual purge valve
	CLOSED
	


[bookmark: _Toc440205670]Independent Pump and purge
Valve H3382M can be used, if an independent pump and backfill is to be done.

	Tag
	Description
	Position
	Check

	H3385A
	Inlet actuated isolation valve
	CLOSED
	

	H3384M
	Manual isolation to cooldown return
	CLOSED
	

	H3392M
	Manual isolation to cooldown return
	CLOSED
	

	H3391M
	Remain closed, if the 1000 gal dewar is already clean and operational
	CLOSED
	

	H3382M
	Independent helium supply/evacuate manual purge valve
	USED FOR PUMP AND BACKFILL
	



	Evacuate the volume to 5 Torr and back fill with 99.99 Helium to 1 atmosphere.

	Repeat this process 3 times.

 ===============================================================

[bookmark: _Toc440205671]The ERL cryomodules 5-CELL and SRFGUN Cryostat System Preparation
The ERL cryomodules and the distribution system on the ERL side can be pumped down and back fill at the same time.

For the case where ERL Cryostats are ONLINE and the Large Vertical Test Dewar is OFFLINE:

Large vertical test dewar side:
With the large vertical test dewar not online, the following valves are already LOTO out closed.
	Tag
	Location
P&ID
	Description
	Location
Hardware
	Position
	Check


	H3320A
	010604071

	Low pressure return from 40” Vertical Test Dewar to 20 Torr header
	Distribution Valve box
	LOTO
CLOSED
Handwheel
	

	H3322A
	010604071

	1.1 atm vapor return from 40” Vertical Test Dewar
	Distribution Valve box
	LOTO
CLOSED
Handwheel
	

	H3327A
	010604071

	Liquid supply isolation to 40” VTD from 1000 gallon LHe dewar
	Distribution Valve box
	LOTO
CLOSED
Handwheel
	

	H3328A
	010604071

	Liquid supply isolation to 40” VTD
	Distribution Valve box
	LOTO
CLOSED
Handwheel
	

	H3512A
	CA6010001
	Liquid fill valve into 40” VTD 
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3513A
	CA6010001
	Cooldown supply bottom valve into 40” VTD
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3522M
	CA6010001
	Warm helium supply purge manual metering valve
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3521A
	CA6010001
	Warm helium supply purge solenoid isolation valve
	40” Vertical Test Dewar
	LOTO CLOSED
	

	N3315A
	010604071

	LN2 control to N2 shield 40” VTD
	On Cryoduct
trunk above valvebox
	LOTO CLOSED
	

	N3343M
	CA6010001
	External supply from bottle: manual metering valve, Nitrogen or helium
	40” Vertical Test Dewar
	LOTO
CLOSED
	



	Regardless whether the 28 inch dewar is connected the following valves need to be lined up to isolate the small dewar lines.

28 Inch Test Dewar Small Block House side valve line up

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check



	H3316A
	010604071
	Vapor return control valve to 20 Torr Header from small test dewar
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	

	H3317M
	010604071
	Manual Isolation valve for atmospheric discharge
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	

	H3488A
	010604071
	Return Cross over valve from small test dewar volume to 1.2 atm low pressure line back to Sullair helium compressor suction
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	

	H3487A
	010604071
	Small Control valve, small test dewar volume to 20Torr header to Kinney vacuum pump
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	

	H3545A
	010604071
	Test Dewar atmospheric vent valve
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	


Bolt on the Conflat flange on the vapor return line on the 4 inch return line from the test dewar, when the test dewar is not connected.
=====================================================================

The following will line up the valves for pumpdown of both cavities

	ERL side distribution valve line-up Pump and backfill
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check


	H3323A
	010604071
	Actuated Helium Valve, Return vapor from ERL cryomodules to 4.5K cryoplant
	On distribution valvebox PHPK
	OPEN
	

	H3324A
	010604071
	Actuated Helium Control Valve, Return vapor from ERL cryomodules to 20 Torr helium vacuum header
	On transfer line coming from ERL VJR
	OPEN
	

	H3326M
	010604071
	Manual Purge valve, on Vapor return line from ERL CRYOMODULES
	On distribution valvebox PHPK
	CLOSE
	

	H3328A
	010604071
	Actuated valve with hand wheel, isolates Subcooler subcooled supply to Test dewar.
	On distribution valvebox PHPK
	CLOSE
	

	H3329A
	010604071
	Actuated valve, isolates Subcooler subcooled supply to ERL cryomodules.
	On distribution valvebox PHPK
	CLOSE
	

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils
	On transfer line behind distribution valvebox PHPK
	CLOSE
	

	H3333M
	010604071
	Manual Purge valve, on liquid draw line from LHE dewar to valves H3327A and H3330A
	On distribution valvebox PHPK
	CLOSE
	

	H3335M
	010604071
	Manual Purge valve, on liquid supply line from LHE dewar to test dewar
	On distribution valvebox PHPK
	CLOSE
	

	H3336M
	010604071
	Manual purge valve, on vapor return line from Lhe dewar to 1660 plant
	On transfer line behind distribution valvebox PHPK
	CLOSE
	

	H3339M
	010604071
	Manual purge valve, volume on liquid supply line from subcooler to ERL cryomodules, between valves H3329A and H3353A, H3354A,H3356M,H1404A, H1405A
	On distribution valvebox PHPK
	CLOSE
	

	H3341M
	010604071
	Manual purge valve, volume on liquid supply line through subcooler between valves H3332A and H3328A, H33529A
	On distribution valvebox PHPK
	CLOSE
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	OPEN
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from 5 cell cavity boil-off
	On 5 cell VALVEBOX
	OPEN
	

	H10896A
	010604071
	20Torr Cold vapor  Return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSED
	

	H10922A
	010604071
	20 Torr Cold vapor return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSED
	

	H10947M
	010604071
	Isolation valve for helium shield and lead flows
	On manifold end for MKS mass flow controllers
	CLOSED
	




	H3353A
	010604071
	Actuated control valve, Liquid helium supply top fill reservoir volume for 5 cell SRF cavity
	On 5 cell VALVEBOX 
	OPEN
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 cell SRF cavity
	On 5 cell VALVEBOX
	OPEN
	

	H3356M
	010604071
	Manual isolation valve supply side of 5K circuits SRF Gun cryostat
	On 5 cell VALVEBOX
	OPEN
	

	H3360M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit solenoid SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3361M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit solenoid SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3363M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC#1 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3364M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit FPC#1 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3366M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC#2 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3367M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit FPC#2 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3369M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Tuner 5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H3370M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Tuner 5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H3486M
	010604071
	Manual isolation valve: Return vapor subcooler bath to vapor return line 1660 Plant BC-2
	On transfer line behind subcooler 
	OPEN
	

	H3529M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-1 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3530M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Endflange-1 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3531M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Endflange#2 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3532M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange#2 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3533A
	010604071
	Communication valve for vessel bottom fill line 5-cell system
	5-cell valvebox
	OPEN
	

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	OPEN
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	OPEN
	

	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	OPEN
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	OPEN
	

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	OPEN
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	OPEN
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	OPEN
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	OPEN
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	OPEN
	

	H3551M
	010604071
	Manual valve to atmosphere
	On manifold for MKS mass flow controllers
	CLOSED
	

	H3552M
	010604071
	Manual valve to atmosphere
	On manifold for MKS mass flow controllers
	CLOSED
	

	H10930M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10928M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10934M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-FPCside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10932M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-FPCside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10938M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-Tunerside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10936M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-Tunerside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	


		
[bookmark: _Toc440205672]Pump and backfill
To clean out the cavity helium volumes and distribution lines, pump-out and backfill can be done using the Kinney vacuum skid.

Start-up the Kinney pump and pumpdown the cavity helium volumes and the distribution piping volume.

Backfill of the system can be done via manual purge valve H3339M by using the connection to H3554M, ambient clean high pressure helium from compressor system.

Repeat the process 3 times.


[bookmark: _Toc440205673]Insulating Vacuum
Verify with vacuum group that cryomodule insulating vacuum has been established and has been maintained for preferably 2 weeks prior to cooldown.
[bookmark: _Toc440205674]Beam Tube vacuum
Verify with vacuum group that beam tube vacuum is in the UHV range prior to cooldown.


[bookmark: _Toc440205675]ERL704MHz SRF Gun Cryostat and valvebox System Preparation
[bookmark: _Toc440205676]Pump and backfill
This is done along with the SRFGUN when both cryostats are warm.
[bookmark: _Toc440205677]Insulating Vacuum
Verify with vacuum group that cryomodule insulating vacuum has been established and has been maintained for preferably one week prior to cooldown.
[bookmark: _Toc440205678]Beam Tube vacuum
Verify with vacuum group that beam tube vacuum is in the UHV range prior to cooldown.

[bookmark: _Toc440205679]Cold Cathode Loop Preparation

Once the cathode lines have been connected to the cathode, the system can be purged.

N2 Purge
· Connect a N2 bottle to the purge valve N3306M
· Leave N3310A in auto at a setpoint of 15 psig
· Open valve N3345M
· Open N3307A
· Open N3304M to check that a purge is flowing
· Close N3304M and let it vent through the normal vent


	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	N3304M
	010604088
	Manual isolation valve, LN2 purge
	SRF GUN Valvebox EDEN
	OPEN
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	OPEN
	

	N3307A
	010604088
	Actuated Control valve, LN2 phase seperator fill
	SRF GUN Valvebox EDEN
	OPEN
	

	N3310A
	010604088
	Actuated Control valve, LN2 pressure control
	SRF GUN Valvebox EDEN
	AUTO
@ 15 psig
	

	N3345M
	010604088
	Manual isolation valve, cathode supply
	On transfer line to cathode cart
	OPEN
	



After completion of the purge close N3306M

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check


	N3304M
	010604088
	Manual isolation valve, LN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	





[bookmark: _Toc440205680]Large 40 inch Vertical Test Dewar Preparation
	
	


	Tag
	Location
P&ID
	Description
	Location

	Position
	Check


	H3335M
	010604071
	Manual Purge valve, on liquid supply line from LHE dewar to test dewar
	On distribution valvebox PHPK
	CLOSED
	

	H3321M
	010604071
	Manual Purge valve, on Vapor return line from 40 inch test dewar
	On distribution valvebox PHPK
	CLOSED
	

	H3328A
	010604071
	Actuated valve with hand wheel, isolates Subcooler subcooled supply to Test dewar.
	On distribution valvebox PHPK
	LOTO
CLOSED
	

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to VTD supply
	On distribution valvebox PHPK
	LOTO
CLOSED
	

	H3320A
	010604071

	Low pressure return from 40” Vertical Test Dewar
	Distribution Valve box
	LOTO
CLOSED
	

	H3322A
	010604071

	Liquid supply isolation to 40” VTD
	Distribution Valve box
	LOTO
CLOSED
	

	H3512A
	CA6010001
	Liquid fill valve into 40” VTD 
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3513A
	CA6010001
	Cooldown supply bottom valve into 40” VTD
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3522M
	CA6010001
	Warm helium supply purge manual metering valve
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3521A
	CA6010001
	Warm helium supply purge solenoid isolation valve
	40” Vertical Test Dewar
	CLOSED
	

	H3514M
	CA6010001
	Manual pump out port, for helium volume, isolation valve
	40” Vertical Test Dewar
	CLOSED
	

	N3315A
	010604071
	Liquid Nitrogen supply control valve thermal shield
	Distribution VJR line to VTD
	LOTO
CLOSED
	

	N3343M
	CA6010001
	External supply from bottle: manual metering valve, Nitrogen or helium or dry air
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	N3314M
	CA6010001
	vent
	40” Vertical Test Dewar
	CLOSED
	

	N3342A
	CA6010001
	External supply from bottle solenoid isolation valve
	40” Vertical Test Dewar
	CLOSED
	



[bookmark: _Toc440205681]40 inch Vertical Test Dewar Pump and backfill

To clean out the helium volume after insertion of the test article, the system can be back filled via the connected helium supply from the compressor system supply line, via metering valve H3522M and solenoid isolation valve H3521A or by a second purge line connection to N3343M and N3342A by connecting a helium bottle to this connection. Set the regulator to 2 psig.

Evacuation is done using a roughing pump connected to the 2 inch line via valve H3514M.

Open valve H3514M.
Pumpdown the test dewar volume to 5 Torr. [dilution of 100]
Backfill by opening either solenoid H3521A or N3342A
Backfill to 1 atm!! only

Repeat the process 3 times.

Wait 30 minutes after the 3rd backfill before pumping down.

Isolate the pumpout line by closing valve H3514M.

The VTD system is cleaned and ready for cooldown once the test article check out has been completed.


Guard vacuum connection VTD Top Plate flange
The TOP PLATE of the 40 inch dewar has a double o-ring seal for the flange area.
There is an annular space between the 2 o-ring grooves. 
The space can be pumped by a roughing pump to guard any leakage from the atmosphere into the helium volume. This is really only required if the system is being operated below atmosphere.
Upon completion of the pump and backfill of the helium volume, the guard vacuum can be connected to the 2” roughing line and a smaller vacuum pump can be connected to pump on this guard vacuum annulus. 



********************************************************************
[bookmark: _Toc440205682]VTF Auxilary Taps Side Interface Preparation: 
These are the 5 interface points for the auxiliary test taps used for the sPHENIX magnet or other future test.
· Liquid Helium Supply
· Cold Vapor Return
· Warm Helium Supply, High pressure
· Warm Helium Return, Low Pressure
· LN2 supply tap on the main LN2 distribution
[bookmark: _Toc440205683]SPHENIX Supply/Return ERL Side Interface Preparation

There are 4 helium process lines interfaces between the sPHENIX and ERL cryogenic system.
1. Liquid helium supply from ERL cryogenic system
2. Low pressure helium vapor return to ERL cryogenic system
3. Warm helium gas supply from ERL cryogenic system
4. Shield flow and current leads flows return to Low Pressure side of ERL warm return to main helium compressor

Table 6.1.11.1-1 Initial Valve line up Supply/Return ERL Side Interface
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check


	H3601M
	010604188
	Main Manual isolation valve of warm helium supply to sPHENIX 
Down stream of  manual isolation H3571M
	On the 1 inch tube size warm helium gas supply side flow meter/filter assembly located upstream of the pressure regulator H3600M
	CLOSED
	

	H3624M
	010604188
	Manual isolation valve
Warm helium gas supply, 65 psig, to LN2 helium gas cooler dewar inlet
	On the 1 inch tube size warm helium gas after the mechanical pressure regulator
	CLOSED
	

	H3554M
	010604071
	Manual isolation valve.
Tap from ERL compressor HP side header
	Off the 2 inch High pressure warm supply from the compressor to 1660 plant
	CLOSED
	

	H3571M
	010604071
	Manual isolation valve
Low pressure return sPHENIX shield/lead flow to ERL LP tap
	On the manifold at the 4 inch Low Pressure return header from the 1660 plant.
	CLOSED
	

	H3572M 
	010604071
	Manual isolation valve
LHe Supply side ERL tap isolation
	On liquid helium supply interface VJ spool 
	CLOSED
	

	H3575M
	010604071
	Manual isolation valve
Cold Return side ERL tap isolation
	On vapor helium return interface VJ spool 
	CLOSED
	



6.1.11.1-2   sPHENIX Supply/Return ERL Side Interface Reliefs
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check
	

	H3573R
	010604071
	
	
	
	
	

	H3604R
	010604071
	Trapped volume relief,  80K helium supply from LN2 helium gas-cooler
	
	
	
	



[bookmark: _Toc440205684]SPHENIX/Auxiliary Helium Cooling Loop, LN2 Helium Cooler, Preparation

Sub-System description: The helium gas cooler is a coil that is submerged in a LN2 bath dewar coil where helium gas flows to be cooled to 100K and supplied to the sPHENIX cryogenic line for cooldown from 300K to 100K.   Liquid LN2 is supplied to the LN2 bath from a bayonet tap off the main LN2 supply line to the 1660S helium plant. A manual isolation valve is located downstream of the bayonet tap, with a purge valve and trapped volume relief.

Since the LN2 helium gas cooler dewar is portable and could be used elsewhere, the lines to the dewar may be disconnected.

Connection Line LN2 supply to LN2 helium cooler Dewar:
Already connected to the LN2 main distribution header bayonet tap [near the 1660 plant] is the isolation valve, with relief N3363R, on the flex connection side, the 40 ft LN2 C-Flex vacuum insulated line. Connect the 40 ft LN2 C-Flex vacuum insulated line other end to the fitting to the solenoid fill valve N3364A, located on the LN2 helium cooler dewar. Connect power to the level controller that controls the solenoid fill valve.

Connection N2 Vent :
Connect the vent line from the LN2 dewar boil off to the nitrogen vent header that services the Large VTF N2 vent and the 1660 N2 vent, using a short piece of braided 300 series stainless steel flex.

Connection Cold helium gas exit from LN2 Cooler to sPHENIX interface tap supply side:
Connect the 20 ft flexible vacuum jacketed C-FLEX from the LN2 cooler’s cold helium outlet gas to the ERL/sPHENIX supply side tap going to manual isolation valve H3574M/Relief H3604R. 

Connection Warm  helium gas inlet into LN2 Cooler [Coil]:
Connect the 1 inch warm helium supply line coming from the pressure regulator to the inlet of LN2 cooler 


Table 6.1.11.2-1  LN2 Bayonet tap assembly Initial valve line-up
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check


	N3361M
	010604071
	Manual isolation valve for liquid nitrogen supply 
	LN2 Bayonet tap assembly off the 1660 LN2 main
	CLOSED
	

	N3363R
	010604188
	Trapped volume relief, 75 psig,
of the vacuum jacketed LN2 flex line between manual isolation valve and fill valve into LN2 dewar helium gas cooler
	LN2 Bayonet tap assembly off the 1660 LN2 main
	
	

	N3385M
	010604071
	Manual Purge valve
	LN2 Bayonet tap assembly off the 1660 LN2 main
	CLOSED
	









[bookmark: _Toc440205685]SPHENIX Valvebox Preparation

Table 6.1.11.3-1  sPHENIX Valvebox Initial valve lineup
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check
	HMI readout

	H3611A  F.C.
	010604188
	Warm He gas supply
	sPHENIX Valvebox
	CLOSED
	
	

	H3612A  F.O.
	010604188
	LHe Fill valve to separator
	sPHENIX Valvebox
	CLOSED
	
	

	H3613A  F.C.
	010604188
	LHe cooldown supply to solenoid
	sPHENIX Valvebox
	CLOSED
	
	

	H3614A  F.O.
	010604188
	Vapor return from separator
	sPHENIX Valvebox
	CLOSED
	
	

	H3615M  
	010604188
	Shield flow from separator to shield
	sPHENIX Valvebox
	CLOSED
	
	

	H3616M
	010604188
	Separator siphon lower return
	sPHENIX Valvebox
	CLOSED
	
	

	H3617A  F.O.
	010604188
	Shield flow return 
	Piping near valvebox
	CLOSED
	
	

	H3618A  F.O.
	010604188
	LHe out from separator Siphon supply
	Piping near valvebox
	CLOSED
	
	

	H3619A  F.C.
	010604188
	Quench dump
	sPHENIX Valvebox
	CLOSED
	
	

	H3606M
	010604188
	Manual Bypass valve around the Shield flow controller 
	Piping near valvebox
	CLOSED
	
	

	FT3330H
	010604188
	Shield flow controller
	On piping
	CLOSED
	
	

	H3607A/FT3331H
	010604188
	Lead flow controller
	Valvebox panel
	CLOSED
	
	

	H3608A/FT3332H
	010604188
	Lead flow controller
	Valvebox panel
	CLOSED
	
	

	
	010604188
	
	
	
	
	





Table 6.1.11.3-2  sPHENIX Valvebox Relief valve list
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check
	

	
	
	
	
	
	
	

	H3603R
	010604188
	Shield loop volume
	sPHENIX Valvebox
	
	
	

	H3609R
	010604188
	Main Helium volume Burst disk
	sPHENIX Valvebox
	
	
	

	H3610R
	010604188
	Main Helium volume Relief valve
	sPHENIX Valvebox
	
	
	

	H3621R
	010604188
	Trapped volume between shield return valve H3617A and H3606M, shield flow controller FT3330H
	On piping
	
	
	

	H3622R
	010604188
	Trapped volume between warm gas supply valve H3611A and check valve to mixing line
	sPHENIX Valvebox
	
	
	




[bookmark: _Toc440205686]Auxiliary Taps lines and sPHENIX Valvebox Pumpdown and Backfill

Following are pump and backfill procedure the supply and return piping system and for the sPHENIX valvebox /magent helium volumes. 

The 4 main isolation valves between the auxiliary connections should still be closed:
Back fill of of warm clean gas will be done using valve H3554M.
 
Table 6.1.13  Interface Isolation valve lineup
	Tag
	Description
	Location

	Position
	Check


	H3554M
	Manual isolation valve.
Tap from ERL compressor HP side header
	Off the 2 inch High pressure warm supply from the compressor to 1660 plant
	CLOSED
	

	H3571M
	Manual isolation valve
Low pressure return sPHENIX shield/lead flow to ERL LP tap
	On the manifold at the 4 inch Low Pressure return header from the 1660 plant.
	CLOSED
	

	H3572M 
	Manual isolation valve
LHe Supply side ERL tap isolation
	On liquid helium supply Auxiliary interface VJ spool 
	CLOSED
	

	H3575M
	Manual isolation valve
Cold Return side ERL tap isolation
	On vapor helium return Auxiliary interface VJ spool 
	CLOSED
	




Pumpout can be done on pumpout valve H3578M and H3576M.

Both valves should be used to pump on the return and supply side of the system.

All the valves on the sPHENIX valvebox, the supply /return lines should be opened.

Table 6.1.11.4-1  sPHENIX Valvebox Pump and backfill valve lineup
	Tag
	Description
	Location

	Position
	Check
	HMI readout

	H3611A  F.C.
	Warm He gas supply
	sPHENIX Valvebox
	OPEN
	
	

	H3612A  F.O.
	LHe Fill valve to separator
	sPHENIX Valvebox
	OPEN
	
	

	H3613A  F.C.
	LHe cooldown supply to solenoid
	sPHENIX Valvebox
	OPEN
	
	

	H3614A  F.O.
	Vapor return from separator
	sPHENIX Valvebox
	OPEN
	
	

	H3615M  
	Shield flow from separator to shield
	sPHENIX Valvebox
	OPEN
	
	

	H3616M
	Separator siphon lower return
	sPHENIX Valvebox
	OPEN
	
	

	H3617A  F.O.
	Shield flow return 
	Piping near valvebox
	OPEN
	
	

	H3618A  F.O.
	LHe out from separator Siphon supply
	Piping near valvebox
	OPEN
	
	

	H3619A  F.C.
	Quench dump
	sPHENIX Valvebox
	OPEN
	
	

	H3606M
	Manual Bypass valve around the Shield flow controller 
	Piping near valvebox
	OPEN
	
	

	FT3330H
	Shield flow controller
	On piping
	OPEN
	
	

	H3607A/FT3331H
	Lead flow controller
	Valvebox panel
	OPEN
	
	

	H3608A/FT3332H
	Lead flow controller
	Valvebox panel
	OPEN
	
	

	
	
	
	
	
	



Table 6.1.13  Supply and return Lines valve lineup
	Tag
	Description
	Location

	Position
	Check


	H3606M
	Manual Bypass valve around the Shield flow controller 
	Piping near sphenix valvebox on top of concrete platform
	OPEN
	

	H3624M
	Manual isolation valve
Warm helium gas supply, 65 psig, to LN2 helium gas cooler dewar inlet
	On the 1 inch tube size warm helium gas after the mechanical pressure regulator
	OPEN
	

	H3601M 
	Main Manual isolation valve of warm helium supply to sPHENIX 
Down stream of  manual isolation H3571M
	On the 1 inch tube size warm helium gas supply side flow meter/filter assembly located upstream of the pressure regulator H3600M
	OPEN
	

	H3574M
	Cold Helium gas supply from LN2 helium gas cooler
	On the new VJ spool tap supply helium line from the VTF side
	OPEN
	




Depressurize any volumes to 1 atmosphere via  H3578M and H3576M.

Hook up vacuum pump

Pumpdown the volume to 10 Torr or lower or until the pressure transducers get to 0.3 psia.
The following pressure transducers can be monitored
· PT 3337H
· PT 3334H
· PT 3335H
· PT HP01
· PT HP03

· Close H3578M and H3576M before the back fill.

· Back fill by cracking open valve H3554M.

· The pumpdown and back fill should be done 3 times.

After completion of the pump and backfill, the valve lineup can be brought back to the initial valve line up:
Table 6.1.11.1-1 Initial Valve line up Supply/Return ERL Side Interface
Table 6.1.11.1-2   sPHENIX Supply/Return ERL Side Interface Reliefs
Table 6.1.11.3-1  sPHENIX Valvebox Initial valve lineup

Proceed to section 6.2.1 for cooldown.




[bookmark: _Toc440205687]Operation
[bookmark: _Toc440205688]Compressor Operation
[bookmark: _Toc440205689]Compressor start-up

Initial pressurization.
This is done to have sufficient starting gas density on the discharge side, to minimize oil carry over problems during initial loading and charcoal bed abrasion.

Pressurize the system high side volume to at least 50 psig. 
This can be done by opening the mass out valve and letting in inventory until a pressure of 50 psig is reached.

Gas management valve
Set the upper limit for the make-up valve to 50%
	Tag
	Description
	Setpoint
	Max valve limit

	H3301A
	by-pass valve
	1.1 atm
	100%

	H3300A
	pumpback (mass-out)
	16
	100%

	H3302A
	Make-up (mass–in)
	16-deadband
	50%



Put the bypass valve, H3301A in auto mode.


· Start the compressor using the start button the compressor control panel.

· Load the compressor gradually by pressing the load button on the compressor panel to 20%.

· Allow the discharge pressure to build to 10 atm before loading the compressor to 50%.

· Allow the discharge pressure to build to 16 atm before loading the compressor to 100%.
· As you do this, watch the bypass valve react to maintain suction pressure.

The compressor should operate completely on the bypass valve with the gas management valves controlling.

[bookmark: _Toc440205690]Oil Coalescers Drainage checkout 

For initial operation, the oil drain valve adjustment is critical.
The adjustment is done just after startup.

	Stage
	Inlet Oil concentration
	Approximate Oil  collection rate (after saturation)

	1st stage
	300 ppm
	60 gram per hr or 0.1 liter/hr

	2nd stage
	50 ppm
	10 grams per hr 0.015 liter/ hr

	3rd stage
	1 ppm
	0.2 grams per hr

	4th stage
	0.1 ppm
	<.02 grams per hr



Open drain valves on the 1st and 2nd stages. Close or Leave the drain valves closed on the 3rd and 4th stages per line up table.

The coalescers need to saturate, wetted, with oil before drainage will start, i.e. before liquid start to accumulate in the bottom of the vessel. To see oil in the level sight glasses, some accumulation time is required.

Oil Return 

Return sight glasses on oil return line to compressor suction
These can be used to verify oil return when the bypass valve on the oil float drain valve is opened.

Drain Floats Checkout
To verify that the automatic float drain valves operate properly, wait the appropriate saturation time for each stage and crack open the bypass to verify on the return line sight glasses if any oil is returning. 

1st stage
1st stage saturation time takes at least 48 hours of operation to saturate.
Close the oil drainage valve on one of the 1st stage coalescers, and wait there to observe the start of accumulation. Within approximately 30 min of closing the isolation, the 1st stage should show oil accumulation in the sight glass. Time the level rise and level rise points to collect data on the drainage rate.

2nd stage
2nd stage oil saturation you will need to run the compressor for 10 - 14 days.
The oil level should still be checked regulary, in the event something happens to the 1st stage, i.e. the drain valve stops working.

3rd stage
3rd stage oil saturation you will need to run the compressor for several months.
The oil level should still be checked regulary, in the event something happens to the 2st stage, i.e. the drain valve stops working.

4th stage
4th stage oil saturation you will need to run the compressor for half a year.
The coalescers can be changed out annually if run continuous.


[bookmark: _Toc440205691]1660S Coldbox Operation
[bookmark: _Toc440205692]300K to 100 K Cooldown of 1660S Cold box and Liquid Helium Dewar  

In this mode only the LN2 precooler circuit is used to supply 100K helium gas to circulate through the heat exchanger stack and cooldown the 1000 Gallon liquid helium dewar. This first mode used during the initial stages or cooldown of an external mass or dewar using helium flow and liquid nitrogen assist with no expanders running.
The helium then passes through one or both of the dual charcoal filters (E36A or E36B) where impurities are removed.

The warm gas from the dewar will be returned to compressor suction side via the cooldown return line on the dewar neck.

The cooldown will be slow, since the maximum flow through the JT-5 valve will be only 2 g/s at 100K.

LN2 PRECOOLER START
		Verify LN2 supply at BC-6 
		Activate LN2 control fill valve N6100A (V392)
		Verify the setpoint is at 80% Full level DPT6090 (DPT-392) in the boiler.

Flow split control valve H9904A (V806) setup
During    this mode of operation the operator activates the "Cooldown Mode" signal to the M1660 refrigerator. This cooldown signal results in H9904A (V806) operating at full stroke (full flow through the Precooler, E81), and no flow through heatexchanger HX2500 (E30). 


Pressurize heat exchanger high side:
1. Close manual valve H9809M (V391).
2. Start the compressor if it is not running
3. Close JT valve JT-5 (JT-307)
4. Open solenoid isolation valve H9903A (V323) by flipping the front panel switch to “local”.
5. If an adsorber bed is not lined up yet, select one that has been regenerated for lineup.
6. To pressurize the heat exchanger stack high side, slowly crack open cold box manual isolation valve H9809M (V391) until the pressure reads compressor discharge pressure of around 230 psig.
7. Switch the front panel switch for valve H9903A (V323) back to “AUTO” mode.

LHe Dewar valve line up
	Close valve H3331A on the operator screen.
Manual valves H3490M, H3491M, H3492M, H3493M, should already be open.
	Open manual valve H3493M on the dewar bayonet if closed.
Open H3499M to allow cooldown return gas to return to the compressor suction return line.
Close valve H9914A on the 1660 coldbox.

Switch the JT-5 control to AUTO on the front panel.
Cooldown of dewar can start by opening JT-5 valve fully via the operator screen or locally on the 1660 panel by flipping the LOCAL/REMOTE switch to local.

For efficient cooldown the return flow path can be switched over to 1660 coldbox once the cooldown has been ongoing for a while.
	
· Open control valve H3331A.
	
· Open valve H9917A and H9905A on the 1660 coldbox.

· Flip the “cooldown/auto” switchover switch for Flow split control valve H9904A (V806) to “auto” mode. This will allow the control valve to balance the flow through the first heat exchanger and precooler to recover some refrigeration from the cold gas returning from the dewar.

Temperature sensor TT663H can be monitored for the return temperature from the dewar.


[bookmark: _Toc440205693]300K - 100 K Cooldown of the Subcooler

Close manual Return vapor valve H3486M on the return transfer line from the subcooler. 

After the cooldown of the 1000 Gallon dewar using just LN2 precooling circuit or during the cooldown if the dewar to 100K, H3330A can be opened to allow cold gas from the liquid helium dewar to enter the subcooler helium bath volume. 

The dewar cooldown is supplied via the plant’s Joule-Thompson valve, JT5 (JT307). With 100K gas the flowrate through the valve will be very low, so it will take a while.

The return from the subcooler warm gas will be via cooldown return valve H3377M.

Open manual valve H3377M on the subcooler.

	This will return the warm gas to the low pressure return line to compressor suction. Temperature sensor TT3317H located on the subcooler helium vessel can be monitored during the cooldown.

Once the temperature drops below 200K, the flow can be returned to the 1660 coldbox.

Open the vapor return valve, H3486M, from the subcooler to the 1660 plant. This will return the flow back to the 1660 and via H9917A and H9905A to the first heat exchanger HX2500 (E30).
 

[bookmark: _Toc440205694]100K to 4K Cooldown of 1660, LHe storage dewar, and subcooler.

Leave the valve line up the same use for the 300K to 100K cooldown.

To start the expansion engines proceed as follows:

1.     Open engine isolation valves for either Engine A or Engine B.

Open the engine exhaust isolation valves for the engine to be placed on-line:
		H9856M (V316) Set A
		H9860M (V318) Set A
		H9855M (V326) Set B
		H9859M (V328) Set B
	
Open the engine inlet isolation valves for the engine to be placed on-line:
		H9853M (V315) Set A
		H9857M (V317) Set A
		H9854M (V325) Set B
		H9858M (V327) Set B


2. Open valve H9913A (V381) and close or leave close valve H9908A (V382).

3. Press the appropriate   ENGINE START button. If both expanders are required the second set of expander can be started after running 10 minutes on the first set.

	Set the switch for both engines into REMOTE Mode on the front panel.
	Set the VFD speed on the operator screen to 80 rpm
	
When the return stream approaches 60K the flow is redirected to return to the refrigerator between heat exchangers E32 and E33 via valve H9907A (V389). 

	Close valve H9905A (V387) 
	Open valve H9907A (V389).

When the return stream has cooled to 20K the gas supply is  redirected to E34 via Valve H9915A (V355).

	Close valve H9907A (V389) 
	Open valve H9915A (V355).

Once the liquid storage dewar is cold, throttle the fill valve H3330A to a minimum to keep a small cold flow going to the subcooler.

Open the flowmeter valve for the dewar neck intercept, FIC3304H, and set this to 5 SCFH.

The plant should start liquefying once the return temperature TT663H (TE-2) reaches 4.9K.



[bookmark: _Toc440205695]Startup and cooldown of 1660 Coldbox with liquid in LHe dewar

With the plant off and with liquid helium in the dewar, the system would have been secured with the dewar isolated and sitting on the 2 psig check valve on valve H4911M.

Liquid withdrawal to the subcooler, vapor return to the 1660, wet-expander supply, and liquid supply from JT5 valve are all closed.

Table 6.2.6-a
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3330A
	010604071
	Subcooler bath fill valve. Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fill line
	On distribution valvebox PHPK
	CLOSED
	

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar
	On distribution valvebox PHPK
	CLOSED

	

	H3331A
	010604071
	Actuated control valve. Vapor return from  Liquid helium storage dewar
	On transfer line behind distribution valvebox PHPK
	CLOSED

	

	H9912A
	010604048
	Actuated isolation valve (V367) between  JT supply and bayonet BC-1
	Top plate rear
	CLOSED

	



Valve lineup before startup of 1660 plant
Table 6.2.6-b
	Tag2
	P&ID Number
	Description
	Location
	POSITION
	Check

	H4911M
	010604034
	Pump and purge / shut down check, top side, isolation valve, vapor space
	Top of dewar
	OPEN
Check valve
	

	H3499M
	010604034
	Manual Isolation valve vapor side return during cooldown of dewar back to compressor suction
	Top of dewar
	OPEN

	

	H9914A
	010604048
	Actuated isolation valve (V356) between  Return bayonet line BC-2 and Exchanger HX2504 (E34)
	1660 Top plate rear,
	OPEN

	

	H3331A
	010604071
	Actuated control valve. Vapor return from  Liquid helium storage dewar
	On transfer line behind distribution valvebox PHPK
	OPEN
25%
	




1. Start the compressor following instruction in the compressor section.
2. LN2 precooling loop. 
a. Activate the LN2 precooling boiler pot level controller by opening the air valve labeled N6090 to the I/P controller
b. Dial in a setpoint of 80% level
c. N6100A (V392). Check that this is being controlled to maintain an 80% Full level (DPT-6090N) in the boiler.
3. Place the temperature controller TIC-806 in auto mode.
4. Set the setpoint for JT-5 valve control to 12K.
5. Set the JT5 temperature control Hi limit to 50%.
6. Remove the flywheel locking bar from the engine to be placed on-line.
7. Open the engine exhaust isolation valves for the engine to be placed on-line:
		H9856M (V316) Set A
		H9860M (V318) Set A
		H9855M (V326) Set B
		H9859M (V328) Set B
8. Open the engine inlet isolation valves for the engine to be placed on-line:
 		H9853M (V315) Set A
		H9857M (V317) Set A
		H9854M (V325) Set B
		H9858M (V327) Set B
9. Open valve H9913A (V381) and close valve H9908A (V382).
10. Set the switch for both engines into REMOTE Mode on the front panel.
11. Set the VFD speed on the operator screen to 60 rpm
12. Start the engine. The engine will rotate at minimum speed to allow cooldown of the pistons.
13. The plant will run at minimum capacity to allow a small flow to go through the JT valve and into the transfer line to the dewar for gentle cooldown and minimizing the boil-off surge from the warmer gas.
14. Once the temperature has dropped to the cold expander inlet temperature, TT658H, has reached 12K, the JT valve will start controlling.
15. Observe the dewar pressure and the return temperature to TT663H. If the dewar pressure keeps rising, put the JT-5 valve in manual and close it down to a position of 20%.
16. Observe the dewar pressure and see if it the pressure is rising.
17. Observe the dewar level and see if it the level is dropping.
18. If the pressure keeps rising, close the JT valve completely when the pressure reaches 1.5 atm and wait for the pressure to drop back to 1.35 atm, then re-open the JT valve.
19. Put the JT valve in auto when the pressure has stabilized.
20. Once the pressure is stable, automatic valve H3331A can be put in auto at the current pressure of 1.35 atm. This can later be set to 1.4 atm to transfer liquid to the subcooler.




[bookmark: _Toc440205696]Cooldown of cryoduct transfer lines and distribution valvebox system
[bookmark: _Toc440205697]Insulating Vacuum
The pumping of the insulating vacuum space should have started several weeks back.
Verify that the insulating vacuum at the turbo inlet is reading around 1E-5 Torr.
[bookmark: _Toc440205698]Transfer line LN2 shield
The main Liquid helium supply line from the subcooler to the ERL cryomodules is shielded with an LN2 cooled shield. This line will already be cold if the 1660 plant is operational and is cooled when the LN2 main supply is brought online.
[bookmark: _Toc440205699]Lines and valves cool down
The valves and transfer lines will cool down along with the cryomodules.
[bookmark: _Toc440205700]Cool down of SRF Gun Cryostat / Gun valvebox and 5-cell Cavity Cryostat / valvebox

After preparation of the cryostat and valve-boxes cool down can begin.

· 1660 plant is up and running
· Liquid in the Liquid helium storage dewar is at least 2000 liters.
· Liquid nitrogen dewar is at least 30%.
· Subcooler is cold. Note the subcooler need not have liquid during cool down of the cavity cryomodules.

Summary of Cooldown Sequence 
· Thermal shields cool down 2 days ahead of 4.5K cool down of either the SRF GUN or 5-CELL or both
· Main liquid helium supply line cool down using 5K circuits of either the SRF GUN or 5-CELL 
· Start Kinney vacuum skid
· Cool down of the SRF GUN or 5-CELL or both

[bookmark: _Toc440205701]Cool down of SRF Gun and 5-cell Cavity Cryostat Cryostat LN2 Thermal Shields
The thermal shields of the SRF GUN and 5-Celll cryostat can started several days ahead of the cool down. If only the 5-CELL or SRFGUN needs to be cold, cool down only the corresponding shield.

5-cell thermal shield
	Set the High limit on the control valve PID loop controller to 30%.
	Activate the automatic valve N3302A to control on its temperature control loop.
The temperature setpoint can be initially to 250K to allow the operator test the PID loop working.  The setpoint can be adjusted down as the cool down proceeds. Once a temperature of 90K has been reached, the setpoint can be set at 90K.

SRF GUN thermal shield
	Set the High limit on the control valve PID loop controller to 30%.
	Activate the automatic valve N3303A to control on its temperature control loop.
The temperature setpoint can be initially to 250K to allow the operator test the PID loop working. The setpoint can be adjusted down as the cooldown proceeds. Once a temperature of 90K has been reached, the setpoint can be set at 90K.

[bookmark: _Toc440205702]6.2.8.2 Valve lineup before cooldown of SRF GUN Cryostat / Valvebox or 5-CELL Cryostat / Valvebox

Valve line up before starting cooldown of SRF GUN/ VALVEBOX
		Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H1405A
	010604041
	Top fill valve
	Top of SRFGUN cryostat
	CLOSED
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	OPEN
	

	H1404A
	010604041
	Bottom fill valve
	Top of SRFGUN cryostat
	CLOSED
	



Valve line up before starting cooldown of the 5-CELL cryostat / valvebox
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3353A
	010604071
	Top fill valve
	Top of 5-cell valvebox
	CLOSE
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	Top of 5-cell valvebox
	OPEN
manual
100%
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 cell SRF cavity
	On 5 cell VALVEBOX
	CLOSE
	


	H10896A
	010604071
	20Torr Coldvapor  Return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSE
	

	H10922A
	010604071
	20 Torr Coldvapor return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSE
	



Return valves to 10 inch header to Kinney pumping system
	H3324A
	010604071
	Actuated Helium Control Valve, Return vapor from ERL cryomodules to 20 Torr helium vacuum header
	On transfer line coming from ERL VJR
	OPEN
	



[bookmark: _Toc440205703]Cooldown of the main liquid helium line to the SRF cryomodules

Cooldown of the main liquid supply line can be done using the 5K circuits on either the SRFGUN cryostat or 5-CELL cryostat depending on which one will be used. 

Open the 5K circuits manifold return valve, H10947M, to the compressor low pressure return line.
Verify the valve lineup of the helium supply from the plant to the subcooler to the distribution system.

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils, to cryomodules
	On transfer line behind distribution valvebox PHPK
	CLOSED
	

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	 OPEN
	

	H3329A
	010604071
	Actuated valve, isolates Subcooler subcooled supply to ERL cryomodules.
	On distribution valvebox PHPK
	OPEN
	

	H10947M
	010604071
	Isolation valve for helium shield and lead flows return from manifold to compressor LP return line
	On manifold end for MKS mass flow controllers
	OPEN
	



If the SRFGun to be cool down then proceed with cooldown of the main liquid helium supply line using the SRFGun 5K circuits.



5K Circuits of SRF GUN
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	




5K Circuits 5-CELL Cryostat
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	




	Set the High limit for the valve position for pressure control valve H3332A, to 30%.
	Set the setpoint to 2 atm for the pressure control setpoint for this valve.
	Put the valve in auto and cooldown will start.
	
[bookmark: _Toc440205704]Cooldown of the cavities and helium volumes

Cryoplant adjustment
To get some capacity to allow the Sullair compressor to pump back the balance of the flow that the plant cannot liquefy, requires the 1660 plant to be turned down somewhat.
To handle at least 10 g/s of flow from the Kinney skid, the 1660 plant has to be turned down until the bypass valve on the gas management is about 45% open (equal percentage plug).

Drop the speed on the expander setpoint gradually to allow the plant JT valve to turndown with the expanders.

Once bypass valve H3301A is at about 45% open, the system is ready to accept flow from the Kinney pump.



Kinney pump startup
It is better to have the Kinney vacuum pump running, on just the liquid ring during cooldown of the cryostats, because relief settings for the cavities are low and this will give the operator more margin for pressure swings.

· Setup the Kinney pumps skid for operation per OPM 18.7.2.
· Line up the discharge of the Kinney to the Sullair compressor per table 6.2.8.4
· Set the Booster cut-in pressure to 2 Torr, to prevent the booster from cutting in while the pumpdown occurs. 
· Set the Kinney skid bypass setpoint to 50 Torr
· Start the Kinney pumping skid with only the Liquid rings running and pumpdown skid volume.
· Crack open control valve H10944A to 20%.
· This will start the pumpdown of the header and cavity helium volumes using just the liquid rings
· Adjust the H10944A such that the upstream pressure stays at around 2 psia
· Once the header and cavity volume are pumped down to 30 Torr, the  Kinney will be pumping on its own bypass at 30 Torr
· Leave the valve position of H10944A at its current position
· Proceed to the next sections to commence cooldown.
· Once the system has completed the initial pumpdown, the flowmeter can be valved in by closing valve H3402M.



Table 6.2.8.4
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3402M
	010604015
	Bypass valve, 3" around venturi meter FT4009H, to 3 inch header back to compressor suction
	On piping near wall
	OPEN
	

	H3403M
	010604015
	Isolation dump valve to atmosphere
	On piping near wall
	CLOSED
	

	H3404M
	010604015
	Isolation valve between Kinney pump and Sullair suction return line
	On piping near wall
	OPEN
	




Cooldown of the cavities cryomodules can begin when the main helium supply line has been cooled down below 10K.
[bookmark: _Toc440205705]Cooldown of 5-cell Cavity Cryostat and valvebox
After cooldown of the liquid helium supply line and startup of the Kinney skid.

Open the bottom fill valve on the 5-CELL, H3354A, to 15%.

Temperature sensor TE2026H should starting dropping.

Set the setpoint for the 5K circuit mass flow controllers to the following:

 	5K Circuits 5-CELL Cryostat
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	0.05 g/s
setpoint
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	0.05 g/s
Setpoint
	

	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	0.05 g/s
Setpoint
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	0.05 g/s
setpoint
	




Trend the temperatures to observe the cooldown rate. A rate of >50K/hr is desired to transition through the Q-disease region of 150K -70 K.

It is preferred to cool down one cavity at a time to make it more manageable.

Once the temperature is below 20K the top fill valve can be opened 15%.

Once the temperature has reached 15K, the liquid level sensors can be powered up.

Power up level sensors LE400 A/B

Once the temperature has reached the corresponding saturation pressure of 2 psia of 2.7K:

Open the bottom fill valve gradually more, until the Kinney flowmeter reads 5 g/s

Liquid will start accumulating.
 
Put the liquid level control valve into AUTO mode at a setpoint of 80%.

Set the cut-in pressure of the Booster to 30 Torr.

Throttle the vapor return valve to H3343A to allow the header to pumpdown until the booster cuts-in.

The pumpdown to below the lamba point 2.2K, can commence. 

Set the back pressure control valve H3343A to auto mode with a setpoint of 22 Torr.

[bookmark: _Toc440205706]Cool down of SRF GUN Cryostat and valve box

After cooldown of the liquid helium supply line and startup of the Kinney skid:

Open the bottom fill valve on the SRF GUN, H1404A, to 15%.

Temperature sensor TE410H and TE409H should starting dropping.

Set the setpoint for the 5K circuit mass flow controllers to the following:

5K Circuits of SRF GUN
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	Setpoint to 0.05 g/s
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	Setpoint to 0.05 g/s
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	Setpoint to 0.05 g/s
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	Setpoint to 0.05 g/s
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	



Trend the temperatures to observe the cooldown rate. A rate of >50K/hr is desired to transition through the Q-disease region of 150K -70 K.

Once the temperature is below 20K the top fill valve can be opened 15%.

Once the temperature has reached 15K, the liquid level sensors can be powered up.

Power up level sensors LE400 A/B

Once the temperature has reached the corresponding saturation pressure of 2 psia of 2.7K:

Open the bottom fill valve gradually more, until the Kinney flowmeter reads 5 g/s

Liquid will start accumulating.
 
Put the liquid level control valve into AUTO mode at a setpoint of 80%.

Set the cut-in pressure of the Booster to 30 Torr.

Throttle the vapor return valve to H3324A to allow the header to pumpdown until the booster cuts-in.

The pumpdown to below the lamba point 2.2K, can commence. 

Set the back pressure control valve H3324A to auto mode with a setpoint of 22 Torr.


[bookmark: _Toc440205707]Cold cathode cool down

Once the cathode is inserted into the load lock chamber, (after bakeouot of the load lock) before opening the UHV gate valve to the GUN cavity, the cathode can be cooled down to LN2 temperatures ONLY AFTER THE CAVITY IS COLD to prevent poisoning of the cathode surface.

UnLOTO valve H3301M and H3307A


	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	N3301M
	010604071
	Manual isolation valve, LN2 cathode cooling supply
	SRFGUN Valvebox
	
	

	N3304M
	010604088
	Manual isolation valve, LN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3307A
	010604088
	Actuated Control valve, LN2 phase seperator fill
	SRF GUN Valvebox EDEN
	CLOSE
Control
	

	N3310A
	010604088
	Actuated Control valve, LN2 pressure control
	SRF GUN Valvebox EDEN
	AUTO
@ 5 psig
	

	N3345M
	010604088
	Manual isolation valve, cathode supply
	On transfer line to cathode cart
	OPEN
	



Cooldown can be controlled using control valve N3307A.

Set a position of 10% and watch the temperature drop.

Activate the vent heater HTR-423 and set the setpoint to 100K

Once the temperature TT3301N has reached 90K:

Set Pressure control Loop N3310A into auto mode.

Set level control Loop N3307A into auto mode.

==================================================================


[bookmark: _Toc440205708]40 inch Vertical Test Dewar Operation: Cooldown and Operation
After the test article has been inserted and dewar prepared according to the preparation procedures, the system can be cooled down.

Because the dewar can hold a lot of inventory, the ERL system is not expected to operate in conjunction with this large vertical test dewar.

A full storage dewar, about 3000 liters is required to start the VTF test.

Cooldown of the test dewar will take at least 800 Liters.

2000 liters will be left to fill the cold volume.

Verify insulating vacuum level for the test dewar of less than 5x10-5 Torr when warm.

[bookmark: _Toc440205709]Valve line up check prior to cooldown

Remove LOTO on the following valves but verify they are close when LOTO is removed. Verify air is on for the fail open valves.
	
	


	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3335M
	010604071
	Manual Purge valve, on liquid supply line from LHE dewar to test dewar
	On distribution valvebox PHPK
	CLOSED
	

	H3321M
	010604071
	Manual Purge valve, on Vapor return line from 40 inch test dewar
	On distribution valvebox PHPK
	CLOSED
	

	H3328A
	010604071
	Actuated valve with hand wheel, isolates Subcooler subcooled supply to Test dewar.
	On distribution valvebox PHPK
	REMOVE
LOTO
CLOSED
	

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to VTD supply
	On distribution valvebox PHPK
	REMOVE
LOTO
CLOSED
	

	H3320A
	010604071

	Low pressure return from 40” Vertical Test Dewar
	Distribution Valve box
	REMOVE
LOTO CLOSE. This is a fail open valve, verify air is on
	

	H3322A
	010604071

	Liquid supply isolation to 40” VTD
	Distribution Valve box
	REMOVE LOTO
CLOSE
	

	H3512A
	CA6010001
	Liquid fill valve into 40” VTD 
	40” Vertical Test Dewar
	REMOVE LOTO
CLOSE
	

	H3513A
	CA6010001
	Cooldown supply bottom valve into 40” VTD
	40” Vertical Test Dewar
	REMOVE
LOTO
CLOSE
	




	H3522M
	CA6010001
	Warm helium supply purge manual metering valve
	40” Vertical Test Dewar
	REMOVE LOTO
CLOSE
	

	H3521A
	CA6010001
	Warm helium supply purge solenoid isolation valve
	40” Vertical Test Dewar
	CLOSED
	

	H3514M
	CA6010001
	Manual pump out port, for helium volume, isolation valve
	40” Vertical Test Dewar
	CLOSED
	

	N3315A
	010604071
	Liquid Nitrogen supply control valve thermal shield
	Distribution VJR line to VTD
	REMOVE LOTO
CLOSE
	

	N3343M
	CA6010001
	External supply from bottle: manual metering valve, Nitrogen or helium or dry air
	40” Vertical Test Dewar
	REMOVE LOTO
CLOSE
	

	N3342A
	CA6010001
	External supply from bottle solenoid isolation valve
	40” Vertical Test Dewar
	CLOSED
	



ERL SIDE VALVE LINEUP

If the ERL cavities are cold and drifting, and cold vapor is returning from the cavities via H3324A, this can be left open to take the vapor back to the Kinney pump.

[bookmark: _Toc440205710]Shield and heat intercepts cooling
The shield cool down can be started slowly by opening Nitrogen supply valve N3315A to 15%.

Monitor TT3316N, TT3315N by trending the cool down rate.

The rate should be no more than 40K/hr.

The discharge of the cold vent is piped to outside the building corner of NEBA building with corner of pump/compressor room.

Because the intercept is on the helium dewar, the helium vessel will start to cooldown once the shield has started.


[bookmark: _Toc440205711]Vertical Test Dewar cooldown 

The reliefs have been engineered with low setpoints because of the low design pressure of the cavities being tested.

It is preferred to cooldown the dewar/test article with the Kinney vacuum pumps running, with just the liquid rings, when possible.
This will allow you some operation margin for transients during cooldown.
Besides running the vacuum skid, the cryoplant needs to be turned somewhat to get compressor capacity to handle the flow from the Kinney pump.

Cryoplant adjustment
To get some capacity to allow the Sullair compressor to pump back the balance of the flow that the plant cannot liquefy, requires the 1660 plant to be turned down somewhat.
To handle at least 10 g/s of flow from the Kinney skid, the 1660 plant has to be turned down until the bypass valve on the gas management is about 45% open (equal percentage plug).

Drop the speed on the expander setpoint gradually to allow the plant JT valve to turndown with the expanders.

Once bypass valve H3301A is at about 45% open, the system is ready to accept flow from the Kinney pump.



Kinney pump startup
It is better to have the Kinney vacuum pump running, on just the liquid ring during cooldown of the cryostats, because relief settings for the cavities are low and this will give the operator more margin for pressure swings.

· Setup the Kinney pumps skid for operation per OPM 18.7.2.
· Line up the discharge of the Kinney to the Sullair compressor per table 6.2.10.3
· Set the Booster cut-in pressure to 2 Torr, to prevent the booster from cutting in while the pumpdown occurs. 
· Set the Kinney skid bypass setpoint to 50 Torr
· Start the Kinney pumping skid with only the Liquid rings running and pumpdown skid volume.
· Crack open control valve H10944A to 20%.
· This will start the pumpdown of the header and cavity helium volumes using just the liquid rings
· Adjust the H10944A such that the upstream pressure stays at around 2 psia
· Once the header and cavity volume are pumped down to 30 Torr, the  Kinney will be pumping on its own bypass at 30 Torr
· Leave the valve position of H10944A at its current position
· Proceed to the next sections to commence cooldown.
· Once the system has completed the initial pumpdown, the flowmeter can be valved in by closing valve H3402M.

Table 6.2.10.3 Kinney Pump Skid valve lineup
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3402M
	010604015
	Bypass valve, 3" around venturi meter FT4009H, to 3 inch header back to compressor suction
	On piping near wall
	OPEN
	

	H3403M
	010604015
	Isolation dump valve to atmosphere
	On piping near wall
	CLOSED
	

	H3404M
	010604015
	Isolation valve between Kinney pump and Sullair suction return line
	On piping near wall
	OPEN
	



Pumpdown of the test dewar volume from 1 atmosphere can be started by opening valve H3320A. To not overload the Sullair, open H3320A 15%.

The volume will pump down slowly.




Cooldown start

Open H3513A to 100%.

The cooldown with liquid helium will start by using low pressure helium from the dewar via control valve H3327A.

Open H3327A to 20% to start cooldown.

Monitor temperatures on the test article to determine the desired cooldown gradient and rates

From 293K to 180K:  Rate  20K/hr. Stress gradients
From 180K to   60K:  Rate  50K/hr. Q-disease region

With the Kinney pump running, the pressure can be allowed to rise, as the cooldown proceed.
There is no need to keep the dewar pressure below 50Torr during cooldown and fill. 

Filling 
When the dewar is cold and liquid has started to accumulate, or the temperature has dropped below 4.5K, the top fill valve can be opened to recovery against the cold vapor.

Open valve H3512A 100%.

Withdrawal is still controlled by valve H3327A.

Open dewar withdrawal valve H3327A more, until back pressure control valve H3331A has reached its minimum position. The H3331A cannot be closed completely, since the JT loop needs the recycle flow to function properly. As the withdrawal rate increases during the transfer, the pressure will drop, and the transfer rate will level off to a maximum rate.

[bookmark: _Toc440205712]4.3K Operation
For a test at 4.3K, the corresponding saturation pressure is 1.2 bar or 2.7 psig, which is as high one could go before the relief starts to leak. The relief on the dewar is a pilot operated relief, snap action, set to go at 5 psig exactly.

Allow the pressure to build to 1.2 bar or 2.7 psig, by closing down on H3320A.

The Kinney vacuum pump can only be turned off, and test dewar return to the cold end of 1660 plant only if the 1660 plant can be turned down, to allow the pressure drop through the 1600 to be low enough to operate this low in pressure, otherwise, the Kinney vacuum skid remains on to provide the differential to operate the test at 4.3K or lower.

[bookmark: _Toc440205713]2K Pumpdown and Operation
For testing below the lambda point, below 2.2 K, the operating pressure has to drop below 30 Torr. During the cooldown and fill the pressure can be gradually lowered until the desired pressure has been reached. Pumpdown and fill can happen simultaneously, or the dewar can be filled first, and then pumped down.
==================================================================
[bookmark: _Toc440205714]Auxilary Taps Side: sPHENIX: Cooldown and Operation

[bookmark: _Toc440205715]Process Description and flowpaths

Cooldown of sPHENIX from 300K to 80K using the LN2 helium gas cooler. The cooldown [and warm-up] of the solenoid is a controlled cooldown by maintaining a maximum gradient across the solenoid magnet by controlling the supply temperature to the solenoid. The controls system is set-up to control on the difference between the return and supply temperature. In addition the temperature sensors on the solenoid magnet is also monitored and will alarm when a gradient is exceeded.

The following is process, control logic and equipment description for the system:

Room temperature helium gas from the compressor high side loop is pressure regulated down by PRV H3600M, to a supply pressure of 5 atm or 45 psig.
The room temperature gas supplies both the helium flow to the LN2 cooled gaseous helium cooler and the warm helium flow to the valvebox. This is a portable 240 Liter LN2 bath dewar that has a coil submerged in the LN2 bath to cool the warm helium to 90K. As the magnet cools down more cold gas is needed since there is no heat exchanger to recovery against the returning cold gas from the magnet to make the cooldown more efficient, except the Coaxial transfer line will act as a heat exchanger when flow is returned via the return line.

LN2 Bath Gaseuous Helium Cooler Process Description
LN2 is supplied to the CryoFab 240 Liter LN2 bath helium gas cooler from the bayonet tap of the main LN2 VJ line that supplies the 1660 helium plant. An local automatic fill controller LIC3301N, with a level probe in the LN2 dewar controls the liquid level in the LN2 dewar via fill valve N3364A. This setup allows the LN2 helium gas cooler to be used independently elsewhere for LN2 cooldown assist of other experiments. Warm helium gas from the ERL plant helium compressor is pressure regulated down by mechanical pressure regulating valve PRV H3600M to 45-60 psig and sent to the LN2 helium gas cooler coil submerged in the LN2 bath. The cold gas exits the cooler and goes to the supply tap. 

90K helium supply route Process Description:
Manual valve H3624M is opened to allow 45 psig helium gas to the LN2 gaseous helium cooler. After exiting the LN2 dewar cooler, the cold gas goes to the tie-in tap off points from LVTF sided of the ERL distribution system, via manual valve H3574M on the supply tap  [pressure being monitored by PT 3334H], which connects this flow to the coaxial VJ supply line and supplies control valve H3612A and H3613A in the Solenoid’s VALVEBOX.

Warm gas supply route to valvebox Process Description:
Room temperature helium gas from the compressor high side loop is pressure regulated down by PRV H3600M, to a supply pressure of 5 atm or 45 psig from where it tees off to supply helium gas to the LN2 gaseous helium cooler and warm gas to the valvebox’s control valve H3611A that controls the warm gas for mixing during cooldown.  


Maximum helium gas draw from ERL compressor Process Description
The maximum warm helium flow draw will be dictated by the pressure regulating valve PRV H3600M, size and the Cv size of control valve H3611A. This is approximately limited to 10 g/s.

Supply Temperature and Cooldown gradient control Process Description
The supply temperature is controlled by monitoring the return temperature TE1785H and controlling the supply mixture temperature TE1784H within the specified gradient setpoint.
Since there are 2 valves being used to control temperature, one needs to be controlled on a different independent variable. 
The choices are: 	Flow control,	Pressure Control, or Temperature Control.

Cold supply Control valve H3613A: Temperature Control of mixture temperature TE1784H.
Warm supply Control valve H3611A: Flow Control of FT3333H which measure the warm gas flow taken from the ERL helium compressor.

Thus the warm supply control valve will try and control the (total when using the LN2 gas cooler, or just the warm gas draw) helium gas flow draw to be used during cooldown/warmup. The high limit on valve position on the control loop for H3613A will dictate the maximum flow on the cold supply gas.
The cold gas supply control valve will supply sufficient flow to mix and control the mixture temperature within the allowable temperature difference between the supply and return temperatures.
The other temperatures on the solenoid will be monitored and alarmed if they are travel outside the allowable difference between the supply temperature and them. 
Because there is no recuperative exchanger between the supply and return streams (except what the coaxial line will do), cooldown will be very inefficient, and the cold flow draw will increase as the temperature drops.
The warm gas flow will drop off as the solenoid cools.

Cold gas supply valve H3613A is setup on parallel temperature control (TIC) and pressure control loops.  The parallel pressure control loop is also functioning to close the supply valve in the event the pressure rises too much due to flow stoppage downstream, or a quench, based on PT-HP03. The temperature setpoint of the TIC loop is a value determined by the return temperature and the DTallowable value, which is operator changeable.

Warm gas supply valve H3611A is setup on parallel flow control and pressure control loop. The flow control loop will adjust the warm gas supply valve to hold the correct flowrate based on flow indicator FT3333H. A parallel pressure control loop is also functioning to close the supply valve in the event the pressure rises too much due to flow stoppage downstream. FT3333H measures the total flow taken from the helium compressor and the setpoint will be set at 8 g/s.


Alarming of cooldown/warmup gradient Process Description

The temperature sensor TE1785H of the return gas will be monitored against the supply temperature TE1784H, and will alarm when the differential temperature between this exceeds the alarm setpoint.
The temperature sensors on the solenoid will be monitored against the supply temperature TE1784H, and will alarm when the differential temperature between these exceeds the alarm setpoint.
Absolute values of the temperature differences are taken for comparison, to cover warm and cooldown cases.


Cooldown Return Route Process Description

During cooldown, the return is via 2 return routes:  Via the vapor return valve H3614A and shield return valve H3617A.

Via the vapor return valve H3614A where the helium returns through the Coaxial transfer line and will exchange some heat to the cold supply flow. The shield loop provides a parallel return path during cooldown using bypass valve H3606M. Vapor return valve will have a pressure control loop that looks at the downstream or return pressure, PT3335H of ERL low pressure side. When the cyoplant return pressure rises too high the vapor return valve H3614A closes. The overloading of the compressor is not likely during cooldown since there is little stored inventory to cause a surge back to the compressor, whereas when the system is cold with liquid or the magnet quenches a surge back to the return line to the compressor will trip the compressor.

Cooldown return via shield valve H3617A. Return Shield flow Control valve H3617A is opened to take flow back to compressor suction line. Bypass valve H3606M is open for higher flow during cooldown return.
There is no flow meter on the shield return flow during cooldown. 


Thermal Shield Loop Process Description

Thermal Shield 
Cooldown of the thermal occurs during cooldown of the solenoid also, by taking some of the flow returning form the solenoid back through the shield.
Return Shield Control valve H3617A is opened to take flow back to compressor suction line. Bypass valve H3606M is open for higher flow during cooldown return.
There is no flow meter on the shield return flow during cooldown.

H3617A valve will be operated in manual mode during cooldown.  

An 0.6 g/s MKS 1559 mass flow controller, FT3330H controls the shield flow after cooldown. Bypass valve H3606M is closed after cooldown.
During a quench, since the MKS mass flow controller is a flow control device, no additional precaution is required, since the flow is regulated on the shield return and will not overwhelm the helium compressor of the cryoplant.




	

Cooldown 90K to 4.5K and 4.5K Operation Process Description

During cooldown from 90K to 5K, the warm helium supply valve H3611A will not be used.

Supply Route
4.5K Liquid Helium can be supplied via two sources/routes. It can be supplied from the CryoFab liquid helium storage dewar draw via H3327A, or from the plant via the subcooler H3332A and H3328A then via tap isolation valve H3572M.  Supplying from the dewar, requires the dewar to build pressure to 1.35 atm. 

90K to 10K.
This should be done directly from the plant assuming inventory has already been built up in the CryoFab storage dewar. The subcooler does not need to be filled since we are not supply 4.5K helium, just cold helium to cooldown from 90K. Cooldown to 10K will take 2.5 days on the plant.

Return Route
	The cooldown return will be via the vapor return valve H3614A and back to the ERL 1660 plant via H3575M and H3322A, then through the plant internal valves H9919A and H9905A/H9907A depending on return temperature or via the shield return line.  
	The heat transfer exchange in the coaxial VJ line between the supply and return flow will soften the gradient across the solenoid. At 90K only 10% of the solenoid total thermal contraction remains and no further temperature gradient control is required.
	The parallel return during flow path cooldown using the Shield flow may need to be increased/adjusted to cut the Coaxial heat transfer to the 5K helium supply from the vapor return flow. 

Forced Convection mode 4.5K
In this mode, the liquid helium supply to the solenoid is directly from the supply flow, via H3613A supply valve. The 4.5K flow from the plant is can be supplied from the CryoFab storage dewar or directly from the plant.
Valve H3613A will also operate in level control mode with along parallel pressure control and temperature control loop. When operating in 4.5K mode the temperature control loop setpoint will be set low enough to keep the TIC loop output signal at 100%. Once there is liquid level in the separator, Valve can be set in level control mode, or once liquid accumulates in the separator the liquid level control loop will take over and control level.

Flow return from the solenoid returns into the separator, where the vapor returns back via H3614A and back to the ERL 1660 plant via H3575M and H3322A, then through the plant internal valves via Bayonet BC-3 H9919A and H9918A, and H9915A.  Else if the change has been made to BC-4, then via H9915A to HX-2504A Low side.

Heaters R1A/R1B can be turned on if more flow is required. This also means additional load on the cryo plant.    	
	

Siphon mode 4.5K

	Liquid fill into phase separator with valve H3612A will be activated and be controlled by level control loop.

Siphon Supply side valve H3618A
This will be opened by operator when operation in siphon mode is desired.

Siphon Supply return side valve H3616M
This is manual valve with a cold helium filled pneumatic actuator built into the valvebox will be opened by operator when operation in siphon mode is desired.
A capillary tube supplies pressure regulated helium gas, by opening a red handle valve on the panel, from outside to inside the valvebox to actuate this cryogenic actuator.

Quench Mode

During a quench the return valves will limit the flow back to the cryo plant compressor suction to protect the plant from tripping on overload.
Quench dump valve H3619A, will be opened by a pressure control loop to vent helium to atmosphere.
If the pressure continues to rise, the reliefs will lift.

Lead Cooling

The two (2) 5000 Amp current leads are each enclosed in a separate liquid pot stainless steel vessel. The liquid pot is “electrically hot” and electric isolation is done by isolators on the small liquid/vapor tubing connections from the separator to the lead pots. On the warm end the lead pot is isolated to the vacuum vessel by a G10 spacer between the pot’s warm end flanges. The tube of the lead cooling helium flow is isolated with another set of isolators on the tubing. Lead cooling is controlled by two existing Mass flow controller, Bronkhorst F-1031-FD-55-V, 8.25 Nm3/h = 0.39 g/s.

The lead flow will be part of the interlock chain. If the flow rate is above the interlock set value, the interlock is good and the magnet is allowed to ramp.


Warmup Process Description
Similarly during cooldown, the warmup gradient is also controlled by mixing warm helium with cold helium. The DT gradient setpoint between supply and return will be a negative value to allow the supply temperature to be warmer than the return temperature.

Warmup 5K to 70K
Because thermal expansion is from 5K to 90K makes up only less than 10% of the total expansion, the warmup starts with 90K gas supplied from the LN2 helium cooler.
During this period the DT has to be set higher than 20K. No warm gas supply from valve H3611A is used. The upper limit of cold supply valve H3613A, needs to be limited to clamp the desired flow draw from the ERL helium compressor to under 8 g/s. 
Return route can be either to cryoplant or to the 20 Torr return line. If the cold gas coming from the solenoid is returned to the cryoplant, the cryo plant will get assistance and can liquefy more during this period.
The 20 Torr return/return line route can only be used of ERL is not in use.


Warmup 70K to 300K

Supply Temperature Control 
The same control loops used on the valves during cooldown is also used for warmup.
The supply temperature is controlled by monitoring the return temperature and controlling the supply mixture temperature within the specified gradient setpoint. During warmup the setpoint gradient is a negative value to allow the supply gas temperature to be warmer than the return during warmup.
The cold flowrate will be higher at the start of warmup and get decreased gradually as the solenoid warms-up. 
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[bookmark: _Toc440205716]Cooldown 300K to 90K using LN2 helium cooler dewar

Valve line up
Valve line up for cooldown using the LN2 helium gas cooler dewar, thus the 4.5 K supply tap remains isolated from the ERL supply with isolation valve  H3572M.

FIC:  Flow Indicator Controller Loop
PIC:  Pressure Indicator Controller Loop
TIC: Temperature Indicator Controller Loop
 
Table 6.2.11.2.1-1 Valve line up Supply/Return ERL Side Interface for Operation using the LN2 helium gas cooler
	Tag
	Description
	Valve position
	Mode
Auto/Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3601M
	Main Manual valve of warm helium supply to sPHENIX 
Down stream of  manual isolation H3571M
	OPEN
	Manual valve
	N/A
	
	

	H3624M
	Manual valve
Warm helium gas supply to LN2 helium gas cooler dewar inlet
	OPEN
	Manual valve
	N/A
	
	

	H3554M
	Manual valve
Supply tap from ERL compressor HP side header
	OPEN
	Manual valve
	N/A
	
	

	H3571M
	Manual valve
Low pressure return sPHENIX shield/lead flow to ERL LP tap
	OPEN
	Manual valve
	N/A
	
	

	H3572M 
	Manual valve
LHe Supply side ERL tap isolation
	CLOSED
	Manual valve
	N/A
	
	

	H3575M
	Manual valve
Cold Return side ERL tap isolation
	OPEN
	Manual valve
	N/A
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	















Table 6.1.13  sPHENIX Valvebox Initial valve lineup and setpoints for PID loops
	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3611A  F.C.
	Warm He gas supply
	CLOSE
By PID loop
	Auto mode
Auto mode
	FIC: 0.0 g/s. Hi: 60%, Lo: 0%
PIC: 1.0 atm. Hi: 60%, Lo: 0%
	
	

	H3612A  F.O.
	LHe Fill valve to separator
	CLOSE
0% valvepos
	Manual mode
	LIC: 0 %.  Hi: 60%, Lo: 0%
PIC: 1.0 atm. Hi: 60%, Lo: 0%
	
	

	H3613A  F.C.
	LHe cooldown supply to magnet
	CLOSE
By PID loop
	Auto mode
Auto mode
Auto mode
	LIC: 0 %. Hi: 60%, Lo: 0%
PIC: 1.0 atm. Hi: 60%, Lo: 0%
TIC: by PLC, K. Hi: 60%, Lo: 0%
	
	

	H3614A  F.O.
	Vapor return from separator
	OPEN
By PID loop
	Auto mode
	PIC: 1.5 atm. Hi: 100%, Lo: 0%
	
	

	H3615M  
	Shield flow from separator to shield
	OPEN
	Manual valve
	
	
	

	H3616M
	Separator siphon lower return
	CLOSED
	Manual valve
	
	
	

	H3617A  F.O.
	Shield flow return 
	OPEN
	Actuated
	100% open
	
	

	H3618A  F.O.
	LHe out from separator Siphon supply
	CLOSED
	manual mode
	
	
	

	H3619A  F.C.
	Quench dump
	CLOSED
By logic
	Auto mode
	
	
	

	H3606M
	Manual Bypass valve around the Shield flow controller 
	OPEN
	Manual valve
	
	
	

	FT3330H
	Shield flow controller
	OPEN
By PID loop
	Auto mode
	FIC: 0.1 g/s
	
	

	H3607A/FT3331H
	Lead flow controller
	OPEN
By PID loop
	Auto mode
	FIC: 0.02 g/s
	
	

	H3608A/FT3332H
	Lead flow controller
	OPEN
By PID loop
	Auto mode
	FIC: 0.02 g/s
	
	

	
	
	
	
	
	
	




Table 6.2.11.2.1-2   ERL side valves, Initial valve lineup and setpoints for PID loops
	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3320A  F.O.
	Return He gas to 20 Torr header 
	OPEN

	Actuated valve by operator
	Remote actuated valve. Open from operator screen
	
	

	H10975A  
	Bypass around Kinney skids to Sullair suction
	OPEN

	Actuated valve by operator
	Remote actuated valve. Open from operator screen
	
	


Valve line-up for flowmeter FT-4010H at Kinney skid
	
	
	
	
	
	
	

	H3402M
	
	CLOSE
	Manual valve
	
	
	

	H10973M
	
	OPEN
	Manual valve
	
	
	

	H10968M
	
	CLOSE
	Manual valve
	
	
	

	
	
	
	
	
	
	




LN2 helium gas Cooler dewar fill
To start LN2 flow to the dewar:
Open the manual isolation valve, N3361M, for supply of LN2 from the main LN2 header.

Local Level controller LIC-3301N:
The level control setpoint has been set to 40 inches on the controller.
Throw the switch into auto mode and the solenoid valve will open and start the cooldown of the LN2 helium cooler dewar.

Table 6.2.11.2.1-3
	Tag
	
	Check


	N3361M
	Open manual valve
	

	LIC-3301N
	Switch to auto mode
	



Cooldown gradient loop control settings

Open the pop-up box for the controlled cooldown temperature gradient
Set the “maximum allowed temperature gradient setpoint” variable to 5K.
This will be adjusted gradually to 40K once cooldown is underway and control loops have been tuned.

Start Cooldown 300K to 90K

Change the following setpoints on the PID controller for control valves to start flow.
To get flow going the mechanical pressure regulator PRV-H3600M needs to be set once control valves are opening to allow flow through. Set the pressure regulator to regulate to 50 psig with flow control loop controlling valve H3611A to 10 g/s. Once this is set the cooldown can begin.

Table 6.2.11.2.3-1  sPHENIX Valvebox valve setpoints for PID loops for cooldown start
	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3611A  F.C.
	Warm He gas supply
	Controlled
By PID loop
	Auto mode
	FIC: 10.0 g/s. Hi: 100%, Lo: 0%
PIC: 1.6 atm. Hi: 100%, Lo: 0%
	
	

	
	
	
	
	
	
	

	H3613A  F.C.
	LHe cooldown supply to magnet
	Controlled
By PID loop
	Auto mode
	LIC: 50 %. Hi: 60%, Lo: 0%
PIC: 1.6 atm. Hi: 60%, Lo: 0%
TIC: by PLC logic. Hi: 60%, Lo: 0%
	
	

	H3614A  F.O.
	Vapor return from separator
	Controlled
By PID loop
	Auto mode
	PIC: 1.30 atm. Hi: 100%, Lo: 0%
	
	

	H3617A  F.O.
	Shield flow return 
	Open
	Actuated
	100% open
	
	




The supply temperature setpoint for TIC H3613A loop will ramp down by the differential temperature gradient controller once the differential setpoint is increased.

There 2 flow return paths during normal operation and cooldown. The return to the vapor return line which is the outer flowpath on the coaxial VJ flex line, and the shield return flow. During the initial 40K [300K to 260K]  part of the cooldown, the shield return can be set full open.
Below 260K, control valve H3317A can be throttled down.
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Switch over to 4.5K cooldown

Once cooldown to 90K has been completed, the cold helium supply from the LN2 helium gas cooler dewar can be shut-off. Close and open the following valve to switch from the LN2 helium gas cooler dewar to the ERL plant side.
Control valve H3513A is closed and put in manual until line up of the 4.5K route is completed.

The LN2 to the LN2 helium gas cooler can be secured by closing manual valve N3361M.

	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3572M
	Liquid helium supply from ERL cryo plant side
	OPEN
	Manual valve
	N/A
	
	

	H3574M
	Cold Helium gas supply from LN2 helium gas cooler
	CLOSE
	Manual valve
	N/A
	
	

	H3613A  F.C.
	LHe cooldown supply to magnet
	CLOSE
	Manual mode
	LIC: 50 %. Hi: 60%, Lo: 0%
PIC: 1.6 atm. Hi: 60%, Lo: 0%
TIC: by logic. Hi:60%, Lo:0%
	
	

	
	
	
	
	
	
	

	H3611A  F.C.
	Warm He gas supply
	CLOSE
	Manual mode
	FIC: 0 g/s. Hi: 100%, Lo: 0%
PIC: 1.0 atm. Hi: 100%, Lo: 0%
	
	

	H3601M
	Main Manual valve of warm helium supply to sPHENIX 
Down stream of  manual isolation H3571M
	CLOSE
	Manual valve
	N/A
	
	

	H3624M
	Manual valve
Warm helium gas supply to LN2 helium gas cooler dewar inlet
	CLOSE
	Manual valve
	N/A
	
	

	
	
	
	
	
	
	

	N3361M
	Main LN2 feed isolation at 1660 LN2 tap
	CLOSE
	Manual valve
	N/A
	
	





[bookmark: _Toc440205717]Cooldown 90K to 4.5K

Once the LN2 helium gas cooler side has been isolated cooldown from 90K to 4.5K can proceed.
Controlled cooldown by limiting the temperature gradient across the magnet, is not necessary anymore below 90K 10% of the total thermal contraction remains, which correspond to a contraction of 10K gradient, 293K to 283K. This warm gas supply to mix with the cold gas is not required anymore.


4.5K Supply from the plant

The supply from the plant side comes from the flow upstream of the JT valve, via H9909A and H9911A, and via the subcooler pressure regulating valve H3332A, subcooler coil, and H3328A then via tap isolation valve H3572M to the coaxial transfer line supply line.
The subcooler can be filled at the time when the magnet has cooled down to 10K.

	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3328A  
	Subcooler coil exit to VTF/sPHENIX side
	OPEN
	Actuated valve
	Remote actuated valve. Open from operator screen
	
	

	H3332A  
	Pressure control valve, 3 atm Liquid helium supply from ERL cryo plant via subcooler
	Controlled
By PID loop
	Auto mode
	PIC: 1.6 atm. Hi: 20%, Lo: 0%

	
	

	H3613A  F.C.
	LHe cooldown supply to magnet
	Controlled
By PID loop
	Auto mode
	LIC: 50 %. Hi: 60%, Lo: 0%
PIC: 1.6 atm. Hi: 60%, Lo: 0%
TIC: by PLC logic. Hi: 60%, Lo: 0%
	
	



The 1660 plant expanders can be brought to 180 rpm. High limits for control valve H3613A   can be increased to 100%. Observe temperature change on TT3300H on the subcooler supply out Pressure setpoint for pressure control valve H3332A can be increased gradually. 

Flow is returned at start of cooldown to Kinney skid bypass and the FT4010H flowmeter has been lineup to read.



4.5K Supply from the 3500 Liter storage dewar

Once the magnet has cooled to below 15K, and the flow resistance has dropped to allow operation from supply from the storage dewar.
Close the valves used for supplying from the plant and set-up the valves used for supplying from the storage dewar.

The storage dewar operating pressure can be set to 1.40 atm, PIC control valve H3331A. 

	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3328A
F.C.  
	Subcooler coil exit to VTF/sPHENIX side
	CLOSE
	Actuated valve
	Remote actuated valve. Open from operator screen
	
	

	H3332A 
F.C. 
	Pressure control valve, 3 atm Liquid helium supply from ERL cryo plant via subcooler
	CLOSE

	Manual mode
	PIC: 1.0 atm. Hi: 0%, Lo: 0%

	
	

	H3327A
F.C.
	LHe supply from storage dewar to magnet
	OPEN
	Manual mode
	30%, adjust after opening H3613A
	
	

	H3613A  F.C.
	LHe cooldown supply to magnet
	Controlled
By PID loop
	Auto mode
	LIC: 50 %. Hi: 50%, Lo: 0%
PIC: 1.6 atm. Hi: 50%, Lo: 0%
TIC: 4.5K Hi: 50%, Lo: 0%
	
	



Valve H3313A is left in auto mode to keep all the control loops operational.
The high limits on each of the LIC, PIC, TIC loops can be brought up to increase the flowrate during the cooldown/fill from the storage dewar.



4.5K Vapor Return Switchover to cryo plant heatexchanger stack return
When the return temperature from the magnet has reached 5K, the magnet can be put on the cryoplant LP return side [refrigeration], instead of returning to compressor suction via the 20 Torr return line back to the Kinney skid bypass. 
This can only be done if the magnet load on the plant from is below 120W, otherwise the massflow rate will be too high and the operating pressure at the magnet will be too high.
The return can be left on the 20Torr return line if the load is too high.

	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3320A  F.O.
	Return He gas to 20 Torr header 
	CLOSE
Gradually

	Actuated valve by operator
	Remote actuated valve. Open from operator screen
	
	

	H3322A
F.C.  
	Vapor return to plant
	OPEN
	Actuated valve
	Remote open/close actuated valve. Open from operator screen
	
	

	H9919A
	Cross over cooldown header
1660 plant
	OPEN
	Actuated valve
	Remote open/close actuated valve. Open from operator screen
	
	

	H9918A
	Cross over cooldown header
1660 plant
	OPEN
	Actuated valve
	Remote open/close actuated valve. Open from operator screen
	
	

	H9915A
	7K return location on 1660 plant
	OPEN
	Manual mode
	100%

	
	




The H3313A valve will automatically control level once liquid level starts to accumulate in the solenoid valvebox phase separator. 
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If shutdown of the system is anticipated the fill valve to the subcooler should be shutdown first and the liquid level to allowed to be lowered.

Close valve H3330A 

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3330A
	010604071
	Subcooler bath fill valve. Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fill line
	On distribution valvebox PHPK
	CLOSED
	



Once most of the liquid has been boiled off, a small purge of warm gas can be introduced via H3554M, warm helium supply from compressor, to the purge valve on the distribution box H3333M.

Verify that valve H3327A with handwheel is closed, and LOTO if VTF is not in use.
Close dewar bayonet valve H3493M.
Open the subcooler fill valve H3330A to 30%.
Open H3554M.
Use H3333M to throttle warm gas flow into the subcooler.
 
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar
	On distribution valvebox PHPK
	CLOSED
LOTO
[VTF]
	

	H3493M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom liquid draw  Lhe from dewar
	Top of dewar, bayonet line
	CLOSED

	

	H3330A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fillvalve
	On distribution valvebox PHPK
	OPEN to 30%
	

	H3554M
	010604071
	Manual valve. Tap of 2” helium warm supply line from compressor to VTD
	On 2” piping above subcooler
	Throttle OPEN
	

	H3333M
	010604071
	Manual Purge valve, on liquid draw line from LHE dewar to valves H3327A and H3330A
	On distribution valvebox PHPK
	Throttle for purge
	

	
	
	
	
	
	



Close both warm supply valves when warm up has been completed.
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	Turn on boil-off heater to boil off remaining liquid.

	Return path to Kinney pump / Sullair compressor to gas storage

	Return to 1660 plant if liquefying to Liquid storage dewar
	
	Close LN2 supply to shield/intercept.

	Open solenoid H3521A. 
	
	Metering valve H3522M is preset.
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	Close Valve N3301M LN2 supply
	
If warmup is required of the cathode, connect a N2 bottle source to valve N3306M and purge the separator, the cold cathode, and the vent line.

Open fill valve N3307A. Put in manual mode and set to 100%. This will depressurize any liquid into the separator.

	N3345M should still be open.

	The discharge will vent the normal path to outside of building.

The heater HTR-423 can be turned off, if the system will be offline for a while. The loop controller is located in the rack.

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	N3301M
	010604071
	Manual isolation valve, LN2 cathode cooling supply
	SRFGUN Valvebox
	CLOSE
	

	N3304M
	010604088
	Manual isolation valve, purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3307A
	010604088
	Actuated Control valve, LN2 phase seperator fill
	SRF GUN Valvebox EDEN
	OPEN
	

	N3310A
	010604088
	Actuated Control valve, LN2 pressure control
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3345M
	010604088
	Manual isolation valve, cathode supply
	On transfer line to cathode cart
	OPEN
	

	HTR-423
	010604088
	Heater for LN2 vaporization
	SRF GUN Valvebox EDEN
	OFF
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The following is assumed to be the case, else go to emergency procedure section.
		Sullair compressor still running.
		1660 plant still running.
		Kinney pumps still running.
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	Close valve H1405A. Set the level control loop setpoint to 0%. Put in manual and 0%.
	The vapor return pressure control valve H3342A can be left wide open.

	Boil-off the remaining liquid helium by turning on the 50 W heater HTR-400.
	
The boil-off rate will be only 3 g/s with a 50 W heat load plus heat leak with the static boil-off of the 5-CELL the Kinney pump can handle this flowrate easily.

If the cavity is to remain cold until the system is ready for testing again, proceed to Kinney vacuum skid shutdown or 5-CELL warmup. 

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H1405A
	010604041
	Top fill valve
	Top of cryostat
	CLOSED
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	OPEN
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If the cavity is to be warmed to room temperature, warm clean helium purge can be introduced via H3554M to the purge valve on the distribution box H3339M.  Once all liquid has been evaporated, the bottom fill valve can be opened to start the warm flow from the main supply line. Before the warmup of the SRF GUN can be started using warm gas, the 5-CELL cryostat needs to be emptied from liquid helium also, even if the 5-CELL will remain cold and testing will resume on the 5-CELL.

Isolate and empty the 5-CELL cryostat
	Close fill valve H3353A and H3354A should be closed already.

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3353A
	010604071
	Actuated control valve, Liquid helium supply top fill reservoir volume for 5 CELL cavity
	On 5 cell VALVEBOX 
	CLOSED
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 CELL cavity
	On 5 cell VALVEBOX
	CLOSED
	




	Depressurize the liquid supply header by closing valves:
	H9909A on the 1660 plant, which supplies high pressure to the system first.
	(the 1660 can continue running normally by liquefying into the 1000 Gal dewar)

	Next close pressure control valve H3332A.
		

Open the actuated isolation valve H10975A and manual valve H10982M for the Kinney bypass check valve line to allow gas to bypass the Kinney pump, once the pressure rises above 1.1 atm.	
	
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	 CLOSED
	

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils, to cryomodules
	On transfer line behind distribution valvebox PHPK
	CLOSED
	

	H1405A
	010604041
	Top fill valve
	Top of SRF-GUN cryostat
	CLOSED
	

	H10975A
	010604015
	Vacuum bypass automatic valve for vacuum pump
	On piping above Kinney skid
	OPEN
	

	H10982M
	010604015
	Vacuum bypass isolation valve for vacuum pump
	On piping above Kinney skid
	OPEN
	



The 5K intercept circuits get the same gas from the main helium supply line. 
The mass flow controllers will pass less and less gas as the supply temperature gets warmer. The valve can be opened to 100% once warm gas is introduced. Change the setpoints to 0.3 g/s.

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	



Proceed until the cavity has reached room temperature.
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The following is assumed to be the case, else go to emergency procedure section.
		Sullair compressor still running.
		1660 plant still running.
		Kinney pumps should still be running.

The liquid will be evaporated by using the heater in the helium bath, and the boil-off returns to the Kinney pump via the ambient vaporizer. The Kinney discharges the flow to the Sullair compressor and the pump back valve will send the extra inventory to gas storage.
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	Close valve H3353A. Set the level control loop setpoint to 0%. Put in manual and 0%.
	The vapor return pressure control valve H3343A can be left wide open.
	Bottom fill valve H3354A should be closed already

Boil-off the remaining liquid helium by turning on the 50 W heater HTR-407 on the 5-CELL helium vessel.
	
The boil-off rate will be approximately 3 g/s with a 50 W heat load plus heat leak with the static boil-off of the SRF Gun, the Kinney pump can handle this flowrate easily.

Once all the liquid has been evaporated the heater can be left on at 30% duty to transfer heat to the helium vapor and warm up the cavity slowly.
	
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3353A
	010604071
	Top fill valve
	Top of 5-cell valvebox
	CLOSE
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	Top of 5-cell valvebox
	OPEN
manual
100%
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 cell SRF cavity
	On 5 cell VALVEBOX
	CLOSE
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If the cavity is to be warmed to room temperature, warm clean helium purge can be introduced via H3554M to the purge valve on the distribution box H3339M.  Once all liquid has been evaporated, the bottom fill valve can be opened to start the warm flow from the main supply line. Before the warmup of the 5-CELL can be started using warm gas, the SRF-GUN cryostat needs to be emptied from liquid helium also; even if the SRF-GUN will remain cold and testing will resume on the SRF-GUN.

Isolate and empty the SRF-GUN cryostat
	Close fill valve H1405A and H1404A should be closed already.
		Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H1405A
	010604041
	Top fill valve
	Top of SRF-GUN cryostat
	CLOSED
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF-GUN VALVEBOX
	OPEN
100%
	



	Liquid Helium Supply Line
	Depressurize the liquid supply header by closing valves:
Close H9909A on the 1660 plant, which supplies high pressure helium to the distribution system.
	(the 1660 can continue running normally by liquefying into the 1000 Gal dewar)

	Next close pressure control valve H3332A.
	
Open the actuated isolation valve H10975A and manual valve H10982M for the Kinney bypass check valve line to allow gas to bypass the Kinney pump, once the pressure rises above 1.1 atm.	

	
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	 CLOSED
	

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils, to cryomodules
	On transfer line behind distribution valvebox PHPK
	CLOSED
	

	H1405A
	010604041
	Top fill valve
	Top of cryostat
	CLOSED
	

	
	
	
	
	
	

	
	
	
	
	
	



The 5K intercept circuits get the same gas from the main helium supply line. 
The mass flow controllers will pass less and less gas as the supply temperature gets warmer. The valve can be opened to 100% once warm gas is introduced. Change the setpoints to 0.3 g/s.

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	
	




	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	
	




Proceed until the cavity is at the desired temperature.
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When warm up of the cryostat(s) has (have) been completed, the Kinney vacuum skid can be shutdown.

Open the actuated isolation valve H10975A and manual valve H10982M for the Kinney bypass check valve line to allow gas to bypass the Kinney pump, once the pressure rises above 1.1 atm.

Close the 10 inch butterfly inlet valve H10944A.

Close valve H10968M.

Hit the “AUTO STOP” Button on the Kinney vacuum pumping system screen
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This section continues with the warmup for the load connected to the auxiliary taps and return interfaces to the sPHENIX valvebox.

For warmup the same controlled temperature gradient that is required for cooldown is required for warmup. Hence the supply temperature needs to be controlled from 80K to 300K to maintain this gradient. The same control valves and logic is used, except the allowed gradient temperature setpoint for the control loop is entered as a negative number, and as the return temperature rises the supply setpoint will be above the return, causing a warmup trend.
The LN2 cooler needs to be used in this case also, since the supply temperature needs to controlled starting at 120K, so the mixing of warm gas and cold gas is required to reach this supply temperature. 

The 4.5K supply side is stopped. Table 6.2.11.4-3 Valve line up to stop ERL Liquid helium supply source valves.

The return route is switched back from the low pressure side of plant to the 20 Torr return header if it is not already. Table 6.2.11.4-2 Valve line up ERL return route.

The ERL liquid helium supplied from the liquid helium storage dewar is closed, and the  LN2 helium gas cooler supply is valved back into zcold helium gas supply line.
Table 6.2.11.4-1 Valve line up for LN2 Helium gas cooler dewar startup


Local Level controller LIC-3301N:
The level control setpoint has been set to 40 inches on the controller.
Throw the switch into auto mode and the solenoid valve will open and start the cooldown of the LN2 helium cooler dewar.

Table 6.2.11.4-1 Valve line up for LN2 Helium gas cooler dewar startup
	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	N3361M
	Main LN2 feed isolation at 1660 LN2 tap
	OPEN
	Manual valve
	N/A
	
	

	LIC-3301N
	Local LN2 Level controller 
	OPEN
	Auto 
	Switch to auto mode.
LN2 helium cooler will start cooling
	
	

	
	
	
	
	
	
	



Table 6.2.11.4-2 Valve line up ERL return route
	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3320A  F.O.
	Return He gas to 20 Torr header 
	OPEN 
	Actuated valve by operator
	100%. Remote actuated valve. Open from operator screen
	
	

	H3322A
F.C.  
	Vapor return to plant
	CLOSE
	Actuated valve
	Remote open/close actuated valve. Open from operator screen
	
	

	H9919A
	Cross over cooldown header
1660 plant
	CLOSE
	Actuated valve
	Remote open/close actuated valve. Open from operator screen
	
	

	H9918A
	Cross over cooldown header
1660 plant
	CLOSE 
	Actuated valve
	Remote open/close actuated valve. Open from operator screen
	
	

	H9915A
	7K return location on 1660 plant
	CLOSE 
	Manual mode
	100%

	
	





 Table 6.2.11.4-3 Valve line up to stop ERL Liquid helium supply source valves
	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3328A
F.C.  
	Subcooler coil exit to VTF/sPHENIX side
	CLOSE
	Actuated valve
	Remote actuated valve. Open from operator screen
	
	

	H3332A 
F.C. 
	Pressure control valve, 3 atm Liquid helium supply from ERL cryo plant via subcooler
	CLOSE

	Manual mode
	PIC: 1.0 atm. Hi: 0%, Lo: 0%

	
	

	H3327A
F.C.
	LHe supply from storage dewar to magnet
	CLOSE

	Manual mode
	0%
	
	

	
	
	
	
	
	
	





Table 6.2.11.4-4 Valve line up Supply/Return ERLSide using the LN2 helium gascooler
	Tag
	Description
	Valve position
	Mode
Auto/Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3554M
	Manual valve, warm helium gas supply tap from ERL compressor  HP side header
	OPEN
	Manual valve
	N/A
	
	

	H3601M
	Main Manual valve of warm helium supply to sPHENIX 
Down stream of  manual isolation H3571M
	OPEN
	Manual valve
	N/A
	
	

	H3624M
	Manual valve
Warm helium gas supply to LN2 helium gas cooler dewar inlet
	OPEN
	Manual valve
	N/A
	
	

	H3571M
	Manual valve
Low pressure return sPHENIX shield/lead flow to ERL LP tap
	OPEN
	Manual valve
	N/A
	
	

	H3572M 
	Manual valve
LHe Supply side ERL tap isolation
	CLOSED
	Manual valve
	N/A
	
	

	H3575M
	Manual valve
Cold Return side ERL tap isolation
	OPEN
	Manual valve
	N/A
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	




Table 6.2.11.2.3-1  sPHENIX Valvebox valve setpoints for PID loops for cooldown start
	Tag
	Description
	Valve position
	Mode
Auto/
Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3611A  F.C.
	Warm He gas supply to magnet
	Controlled
By PID loop
	Auto mode
	FIC: 10.0 g/s. Hi: 100%, Lo: 0%
PIC: 1.6 atm. Hi: 100%, Lo: 0%
	
	

	H3613A  F.C.
	LHe cold supply to magnet
	Controlled
By PID loop
	Auto mode
	LIC: 50 %. Hi: 60%, Lo: 0%
PIC: 1.6 atm. Hi: 60%, Lo: 0%
TIC: by PLC logic. Hi: 60%, Lo: 0%
	
	

	H3614A  F.O.
	Vapor return from separator
	Controlled
By PID loop
	Auto mode
	PIC: 1.30 atm. Hi: 100%, Lo: 0%
	
	

	H3617A  F.O.
	Shield flow return 
	Open
	Actuated
	100% open
	
	



Open the pop-up box for the controlled cooldown temperature gradient.
Set the “maximum allowed temperature gradient setpoint” variable to (minus) -5K.
A negative valve will allow the supply setpoint to be higher than the return and thus provide a warmup. This will be adjusted gradually to (minus)  -40K once warmup is underway and control loops have been tuned.
[image: C:\Users\ythan\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\Temperature Gradient SetPoint.jpg]



Once the magnet has reached room temperature, the system can be depressurized and secured.

Close the following valves that communicates to the ERL cryogenic system:

Table 6.2.11.4-4 Valve line up Supply/Return ERL Side 
	Tag
	Description
	Valve position
	Mode
Auto/Manual
	PID loops
Setpoints, and position limits
	Check

	HMI readout

	H3554M
	Manual valve, warm helium gas supply tap from ERL compressor  HP side header
	CLOSE
	Manual valve
	N/A
	
	

	H3601M
	Main Manual valve of warm helium supply to sPHENIX 
Down stream of  manual isolation H3571M
	CLOSE
	Manual valve
	N/A
	
	

	H3624M
	Manual valve
Warm helium gas supply to LN2 helium gas cooler dewar inlet
	CLOSE
	Manual valve
	N/A
	
	

	H3571M
	Manual valve
Low pressure return sPHENIX shield/lead flow to ERL LP tap
	CLOSE
	Manual valve
	N/A
	
	

	H3572M 
	Manual valve
LHe Supply side ERL tap isolation
	CLOSED
	Manual valve
	N/A
	
	

	H3575M
	Manual valve
Cold Return side ERL tap isolation
	CLOSE
	Manual valve
	N/A
	
	

	H3320A  F.O.
	Return He gas to 20 Torr header 
	CLOSE
	Actuated valve by operator
	0%. Remote actuated valve. Open from operator screen
	
	

	H3322A
F.C.  
	Vapor return to plant
	CLOSE
	Actuated valve
	Remote open/close actuated valve. Open from operator screen
	
	



The valves on the sPHENIX valvebox can be left in automatic.


[bookmark: _Toc440205730]1660 Plant shutdown

 
1. Ensure that the H9903A (V323) control switch is in the “Auto” Position

2. Press the ENGINE BRAKE button to, the VFD will setpoint will go to 0 rpm.  Solenoid valve H9903A (V323) will close. The engines will rotate until heat exchanger gas pressure has dropped to approximately 80 psig. Allow the engines to stop.

3. Close the engine inlet isolation valves
H9853M (V315) Set A
H9857M (V317) Set A
H9854M (V325) Set B
H9858M (V327) Set B

4. Install the flywheel locking bars.

[bookmark: _Toc440205731]1000 Gallon Liquid helium dewar warmup and shutdown

If the 1000 gallon Liquid helium storage dewar needs to be emptied and warmed up:
[bookmark: _Toc440205732]Empty the liquid helium dewar

In order to boil-off a large amount of liquid using the boil-off heater, the flowrate returning would be too large to warmup to room temperature with just the return piping.

To warm the gas flow, the cold vapor needs to be returned via the ambient vaporizer.
To allow gas to the ambient vaporizer, the cavity cryomodules needs to be isolated.

Isolate the cavity cryomodules

Close the following vapor return valves for the cavity cryomodules

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H10896A
	010604071
	20Torr Coldvapor  Return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSE
	

	H10922A
	010604071
	20 Torr Coldvapor return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSE
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	CLOSE
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from 5 cell cavity boil-off
	On 5 cell VALVEBOX
	CLOSE
	




Valve line up to send helium boil-off from 1000 gal liquid helium dewar to 20 Torr ambient vaporizer

Boil-off from the dewar will return via H3331A, to BC-2 on the 1660 plant, via valve H9917A to H9919A out bayonet BC-3 to H3323A into the 10 header via H3324A and onto the ambient vaporizer, and to the pumproom

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3331A
	010604071
	Actuated control valve. Vapor return from  Liquid helium storage dewar
	On transfer line behind distribution valvebox PHPK
	OPEN
	

	H9917A
	010604048
	Actuated Cross-over valve (V350) between  Return bayonet line BC-2 and Cooldown return bypass line low side
	Top plate front
	OPEN
	

	H9919A
	010604048
	Actuated Cross-over valve (V352) between  Return bayonet line BC-3 and Cooldown return bypass line low side 
	Top plate front
	OPEN
	

	H3323A
	010604071
	Actuated Helium Valve, Return vapor from ERL cryomodules TO 4.5K cryoplant
	On distribution valvebox PHPK
	OPEN
	

	H3324A
	010604071
	Actuated Helium Control Valve, Return vapor from ERL cryomodules to 20 Torr helium vacuum header
	On transfer line coming from ERL VJR
	OPEN
	




	H10975A
	010604015
	Vacuum bypass valve for vacuum pump
	On piping above Kinney skid
	OPEN
	

	H10982M
	010604015
	Vacuum bypass isolation valve for vacuum pump
	On piping above Kinney skid
	OPEN
	

	H10866C
	010604015
	Vacuum bypass check valve for vacuum pump
	On piping above Kinney skid
	
	

	H10973M
	010604015
	System isolation downstream of venturi mass flow meters FI4010H,FI4009H through Kinney pump skid
	On Kinney  skid
	OPEN
	

	H3404M
	010604015
	Isolation valve between Kinney pump and Sullair suction return line
	On piping near wall
	OPEN
	




The heater in the dewar can be turned on to boil-off the remaining liquid.

Dial the heater setting, JIC3301H to about 50% level to get 100 W, about 5 g/s, of boil-off vapor.

The vapor will return to compressor suction via the ambient vaporizer, through flowmeter FT4010H

[bookmark: _Toc440205733]Sullair Compressor shutdown
After all the gas from the warmup has been pumped back into gas storage, the helium compressor can be shut down.

Hit the stop button on the Sullair control panel. The compressor will unload automatically before the compressor isshut.


[bookmark: _Toc440205734]LN2 System shutdown

If the system is not to be used for a while, the main supply from the LN2 dewar can be shut.

Close manual valve N3334M and LOTO this valve.

The keepfull will keep venting the gas being generated when there is no liquid present.
[bookmark: _Toc440205735]Emergency Procedures 

The following procedures give instructions when a critical piece of equipment shuts down and interrupts operation somewhere in the system or when there is an unusual pressure event in the system.

[bookmark: _Toc440205736]ODH Alarms
When the ODH alarm sounds leave the building per ODH training. Review C-A  OPM 18.3.2  Response to Low Oxygen Alarm in Building 912 Accelerator R&D Area for this.

The ERL cryogenic system can be monitored and controlled from other computers in other control rooms.

The LN2 main supply header will automatically be isolated by the ODH system.

When you are at another control station, check the Helium tank pressure PT3306H.

If this is falling, rapidly, the isolation valve, outside building at the tank, H3484M can be closed.

Close valve H3329A that supplies flow to ERL cryomodules.
Close valve H3332A that supplies flow to subcooler / ERL cryomodules.
Close valve H3328A that supplies flow to large VTD.
Close valve H3327A that supplies flow to large VTD.

[bookmark: _Toc334679732][bookmark: _Toc440205737]Equipment Emergencies
[bookmark: _Toc440205738]Sullair compressor high side over pressure
The main helium compressor is protected by an overpressure switch and relief valve.
In an overpressure occurs, and the overpressure switch fails, the relief will lift.
The compressor can be shutdown on the operator screen.
Or to shut the compressor down at MCC, go to the Sullair MCC located on the west wall in the NEEBA building and press the stop button.
Close the makeup valve H3302A.
[bookmark: _Toc440205739]1660 overspeed
On engine overspeed the inlet valve H9903A should close to stop helium supply to the coldbox. If the engines do not spin down:

Close the valve at the charcoal adsorber bed exit, near the ambient vaporizer, valve H3478M.
Then go the 1660 skid, and shut manual valve H9809M, located at the rear left of the skid.
[bookmark: _Toc440205740]Overpressure of equipment
	If any of the following alarms for over pressure come in:

[bookmark: _Toc440205741]PT1401H SCRF GUN helium bath pressure
Verify insulating vacuum is okay on the cryostat.
Verify vapor return valve H3342A is open and controlling.
Verify that fill valves H1404A and H1405A are closed.
Verify that crossover valve H3324A, to 10 inch header is open.
Verify that Kinney suction valve H10944A is open.
[bookmark: _Toc440205742]PT8454H 5-CELL helium bath pressure
Verify insulating vacuum is okay on the cryostat.
Verify vapor return valve H3343A is open and controlling.
Verify that fill valves H3353A and H3354A are closed.
Verify that crossover valve H3324A, to 10 inch header is open.
Verify that Kinney suction valve H10944A is open
[bookmark: _Toc440205743]PT3319H Sullair compressor discharge pressure.
Verify pumpback valve is controlling, if not verify whether the valve is getting air or is functioning.
If the discharge pressure is rising above 17 atm and not being controlled, shutdown the compressor skid from the computer, or stop button.  Try to avoid the high pressure trip from activating, or relief valve from lifting.	
[bookmark: _Toc440205744]PT3305N LN2 Storage dewar pressure
Check the level, and if the level is above 80%, proceed to the dewar to verify whether a delivery truck is overfilling the dewar.
Verify vacuum vessel insulation is okay. No sweating or cold spots.
If usage is low, verify that the economizer is venting. The economizer regulator is preset at 50 psig. The valve upstream may be closed.
[bookmark: _Toc440205745]PT 3320N phase separator pressure cold cathode loop
Verify Fill valve from LN2 supply main is closed or in control.  If not, take action to fix the valve actuation.
Verify Pressure regulating valve N3310A is regulating or is open. If not, take action to fix the valve actuation.
Verify manual valve N3345M is open or not plugged.
If above 45 psig, verify relief valve N3311R is lifting to confirm high pressure condition.
Go to the valve box and verify insulating vacuum is good by checking the valve box vacuum vessel surface is not cold.
[bookmark: _Toc440205746]PT 3306H Helium Gas Storage Pressure 
Check if any high pressure trailer is connected to the tank, and is filling the tank.
Verify dial gage located outside on the tank is reading close the pressure transmitter value.
If the pressure is above 250 psig, then relief valve should be lifting.
If the source is not from an external source then the compressor is the source of high pressure.
Shutdown Sullair compressor if the pressure keeps rising.
[bookmark: _Toc440205747]PT8464  Kinney pumping skid discharge pressure

On high Kinney discharge pressure 
Verify Sullair compressor is loaded. The alarm should have come in on Sullair also.
Verify that the manual isolation valve H3404M between Kinney discharge and Sullair suction line is open. Blowdown the volume by opening the dump valve H3403M to atmosphere.
If the valve is closed, crack the valve H3404M open and close H3403M.
Open valve H3404M fully.
[bookmark: _Toc440205748]PT3313H  Liquid Helium Storage Dewar Pressure
On high helium storage dewar pressure:

Verify insulating vacuum is okay on the cryostat.
Verify Control valve H3331A is open.  If closed or not controlling, check air supply.
Verify H9914A on the cryoplant return is open.
Close JT5 valve on 1660 plant to stop flow to dewar.
Verify Sullair compressor is running and suction pressure is below 1.1 atm.
If everything above checks out, the low pressure side of the heat exchanger may be plugged or the return line from from the dewar is plugged.
[bookmark: _Toc440205749]PT3300H  Liquid Helium Subcooler Bath Pressure

If PT3300H pressure remains above 30 psi is an indication something serious has gone wrong.
Verify insulating vacuum is okay on the cryostat on Thermocouple gage PT3301V.
Check 1660 low side pressure.
Shut manual valve H3486M
Shut the liquid level fill valve H3330A and manual valve H3493M
Shut the subcooler tube side 3 atm control valve H3332A.
Shut manual valve H3493M if it appears that H3330A is not closing.
Shut vapor return H3331A from main liquid helium storage dewar.
[bookmark: _Toc440205750]PT3304H  Liquid Helium Cryomodules Supply Header Pressure
Close control valve H3332A.
Check the setpoint value for the pressure control loop on H3332A
Close supply valve H9911A at 1660 plant to shut off flow to upstream side of control valve H3332A.
Check whether the relief valve H3338R has lifted.
Isolation valve, H3329A, for liquid supply to cryomodules can also be closed. 	
Verify insulating vacuum is okay on the VJR/distribution valvebox.
[bookmark: _Toc440205751]Oil leak of compressor or Kinney vacuum skid
If an oil leak / line break has occurred, the Sullair compressor will shutdown on low oil pressure. The spill tray will catch the oil leaked out.

If the oil leak is small, shut down the compressor at the control panel. If the oil is spraying around, the compressor can be shutdown at the MCC cabinet located along the alley way WEST wall of the ERL blockhouse.

If the Kinney vacuum pump has sufficient leaked oil, the skid will shutdown on low oil level in the oil separator tank. The catch tray around the base will contain the oil leak.
The e-stop can be pressed on the Kinney pump control cabinet or stopped from the control page.
[bookmark: _Toc440205752]Large gas cloud outside the nitrogen cold vent
If this is beyond the normal operation discharge, check the LN2 control valves to the end users:

SRF Gun shield control valve N3303A
5-CELL shield control valve N3302A 
VTF shield control valve N3315A
Cold cathode cooling loop N3307A.
1660 plant LN2 precooler valve N6100A
If after closing all the above valves the discharge is excessively high, then the keepfulls on the main LN2 line may be stuck open.

Close the main isolation valve, N3334M, at the 11,000 Gal dewar if flowrate does not reduce.



[bookmark: _Toc440205753]Documentation
0.8 [bookmark: _Toc440205754]Record
The check off lines in the procedure are for place keeping only.  The procedure is not to be initialed or signed, it is not a record.
0.9 [bookmark: _Toc440205755]Log
The shift supervisor shall document the completion of the procedure in the cryogenics control electronic log.

0.10 [bookmark: _Toc440205756]References

C-A-OPM 18.7.2, “ERL OPM Process Vacuum Pump”.



[bookmark: _Toc440205758]Attachments

8.1	Attachment A - Valve Lineup Tables
[bookmark: _GoBack]

ATTACHMENT A	Valve Lineup Tables




A.1		Table 6.1.1.  Helium Compressor skid valve line up

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3501M
	010604032
	Manual dump /purge vent valve on compressor discharge side
	On Sullair skid
	CLOSE
	

	H3502M
	010604032
	Blowdown valve, manual valve, bulk oil separator on compressor skid
	On Sullair skid
	CLOSE
	

	H3505M
	010604032
	isolation valve, instrument
	On Sullair skid
	OPEN
	

	E3300M
	010604032
	Bulk Oil seperator drain
	On Sullair skid
	CLOSE
	

	E3301M
	010604032
	Oil Strain inlet isolation
	On Sullair skid
	OPEN
	

	E3302M
	010604032
	Oil Strain outlet isolation
	On Sullair skid
	OPEN
	

	E3306M
	010604032
	Oil filter 3-way stop valve
	On Sullair skid
	Strainer #1
	

	E3307M
	010604032
	Oil filter pressure sensor isolation valve
	On Sullair skid
	OPEN
	

	E3308M
	010604032
	Oil filter Drain #1
	On Sullair skid
	CLOSE
	

	E3311M
	010604032
	Oil filter pressure sensor isolation valve
	On Sullair skid
	OPEN
	

	E3312M
	010604032
	Oil filter Drain #2
	On Sullair skid
	CLOSE
	

	E3315M
	010604032
	PI Isolation Valve on Sullair
	On Sullair skid
	OPEN
	

	W3301A
	010604032
	Cooling water in to oil cooler
	F.C.
	auto
	

	W0100M
	010604032
	Inlet bleedown tap
	On water line above compressor
	CLOSE
	

	W0101M
	010604032
	Oulet bleedown Tap
	On water line above compressor
	CLOSE
	

	W0102M
	010604032
	Water outlet
	On water line above compressor
	OPEN
	

	W0103M
	010604032
	Oil cooler Valve bypass
	On water line above compressor
	Open ¼ turn
	

	W0104M
	010604032
	Water Inlet
	On water line above compressor
	OPEN
	





A.2	Table 6.1.1.5 Gas storage valve line up
	Tag
	P&ID dwg
	Description
	Position
	Check

	H3484M
	010604039
	isolation valve on gas storage tank
	OPEN
	









A.3	Table 6.1.1.6	Charcoal bed and final filter valve line up
	Tag
	P&ID dwg
	Description
	Position
	Check

	H3306M
	010604035
	isolation valve between 4th stage coalescers and carbon adsorber bed inlet
	OPEN
	

	H3476M
	010604035
	Purge Valve, Inlet side Oil removal charcoal bed
	CLOSE
	

	H3477M
	010604035
	Regen gas supply isolation valve
	CLOSE
	

	H3478M
	010604035
	Isolation valve, Bed Particulate Guard filter outlet side
	OPEN
	

	H3479M
	010604035
	Gas Sample needle valve, Bed Particulate Guard filter outlet side
	CLOSE
	

	H3480M
	010604035
	Purge valve, Bed Particulate Guard filter outlet side
	CLOSE
	

	H3481M
	010604035
	Bleed Valve, Inlet side Oil removal charcoal bed
	CLOSE
	






A.4	Table 6.1.1.7 Valve line-up Table, Normal Operation: Oil Coalescers Valves
1st stage CLS-001A 
	Tag
	Description
	Position
	check

	H3396M
	Bypass valve, Oil Float drainer, stage 1-A,  DX
	CLOSED
	

	H3397M
	Isolation valve oil level sight glass indicator LI 3301, bottom
	OPEN
	

	H3359M
	Isolation valve oil level sight glass indicator LI 3301, top
	OPEN
	

	H3358M
	Isolation valve dp indicator  DPI 3301
	OPEN
	

	H3357M
	Isolation valve dp indicator  DPI 3301
	OPEN
	


1st stage CLS-001B  
	Tag
	Description
	Position
	check

	H3446M
	Bypass valve, Oil Float drainer, stage 1-B,  DX
	CLOSED
	

	H3445M
	Isolation valve oil level sight glass indicator LI 3302, bottom
	OPEN
	

	H3398M
	Isolation valve oil level sight glass indicator LI 3302, top
	OPEN
	

	H3444M
	Isolation valve dp indicator  DPI 3302
	OPEN
	

	H3399M
	Isolation valve dp indicator  DPI 3302
	OPEN
	


2nd stage CLS-002A 
	Tag
	Description
	Position
	check

	H3451M
	Bypass valve, Oil Float drainer, stage 2-B,  BX
	CLOSED
	

	H3450M
	Isolation valve oil level sight glass indicator LI 3303, bottom
	OPEN
	

	H3447M
	Isolation valve oil level sight glass indicator LI 3303, top
	OPEN
	

	H3448M
	Isolation valve dp indicator  DPI 3303
	OPEN
	

	H3449M
	Isolation valve dp indicator  DPI 3303
	OPEN
	


2nd stage CLS-002B  
	Tag
	Description
	Position
	check

	H3394M
	Bypass valve, Oil Float drainer, stage 2-A,  BX
	CLOSED
	

	H3395M
	Isolation valve oil level sight glass indicator LI 3300, bottom
	OPEN
	

	H3319M
	Isolation valve oil level sight glass indicator LI 3300, top
	OPEN
	

	H3315M
	Isolation valve dp indicator  DPI 3300
	OPEN
	

	H3314M
	Isolation valve dp indicator  DPI 3300
	OPEN
	


3rd stage CLS-003A
	Tag
	Description
	Position
	check

	H3457M
	Coalescing filter drain valve to compressor
	CLOSED
	

	H3452M
	Isolation valve oil level sight glass indicator LI 3304, bottom
	OPEN
	

	H3453M
	Isolation valve oil level sight glass indicator LI 3304, top
	OPEN
	


3rd stage  CLS-003B  
	Tag
	Description
	Position
	check

	H3469M
	Coalescing filter drain valve to compressor
	CLOSED
	

	H3465M
	Isolation valve oil level sight glass indicator LI 3306, bottom
	OPEN
	

	H3466M
	Isolation valve oil level sight glass indicator LI 3306, top
	OPEN
	


4th stage CLS-004A  
	Tag
	Description
	Position
	check

	H3463M
	Coalescing filter drain valve to compressor
	CLOSED
	

	H3460M
	Isolation valve oil level sight glass indicator LI 3305, bottom
	OPEN
	

	H3461M
	Isolation valve oil level sight glass indicator LI 3305, top
	OPEN
	


4th stage CLS-004B
	Tag
	Description
	Position
	check

	H3475M
	Coalescing filter drain valve to compressor
	CLOSED
	

	H3472M
	Isolation valve oil level sight glass indicator LI 3307, bottom
	OPEN
	

	H3471M
	Isolation valve oil level sight glass indicator LI 3307, top
	OPEN
	






Table 6.1.1.9 Valve line-up Table, Compressor Pump and backfill
	Tag
	P&ID dwg
	Description
	Position
	Check

	H3305M

	010604035
	Compressor suction manual main isolation
	CLOSED
	

	H3478M

	010604035
	Charcoal bed outlet filter manual isolation
	CLOSED
	

	H3306M
	010604035
	Charcoal bed inlet
	OPEN
	

	H3303M
	010604071
	Compressor manual bypass
	OPEN
	



	H3310M
	010604071
	Manual Purge/instrument tap valve before after 2nd stage coelescers
	OPEN when vacuum pump
	



Table 6.1.1.9-a Valve line-up Table, Compressor Running by itself
	Tag
	P&ID dwg
	Description
	Location
	Position
	Check

	H3478M

	010604071
	Charcoal bed outlet filter manual isolation
	After particulate filter housing
	OPEN
	

	H3306M
	010604071
	Charcoal bed inlet
	Top of charcoal bed
	OPEN
	

	H3303M
	010604071
	Compressor manual bypass
	
	CLOSE
	

	H3305M
	010604071
	Compressor suction isolation
	Top of return line near Sullair compressor
	MANUAL
	

	H10947M
	010604071
	Isolation valve between helium shield and lead flows manifold and compressor low side return line
	On manifold end for MKS mass flow controllers
	CLOSE
	



Table 6.1.1.9-b Valve line up other interface to compressor system
	Tag
	P&ID dwg
	Description
	Location
	Position
	Check

	H3404M
	010604015
	Isolation valve to Sullair suction line
	Kinney pumping system
	CLOSE
	

	H3522M
	CA6010001
	¼ inch helium purge line
	Vertical test dewar block house
	CLOSE
	

	H3554M
	010604071
	¼ inch helium purge valve tee off tap on 2” HP
	On above 2” piping near subcooler
	CLOSE
	

	H9893C
	010604048
	Check valve

	Above 1660S coldbox
	
	

	H10947M
	010604071
	5K circuit return Manifold isolation valve
	System PFD diagram
	CLOSE
	

	H3553M
	010604071
	Isolation valve HP helium to VTF ½” line
	Near 1660 coldbox on 2 inch HP supply line
	CLOSE
	






Table 6.1.2.1-a  1660 Preliminary Valve lineup for system check out
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9916A
	010604048
	Actuated isolation valve (V354) between  Return bayonet line BC-3 and Exchanger HX2504B (E34B) cold end of plant
	Top plate rear
	CLOSED
	

	H9915A
	010604048
	Actuated isolation valve (V355) between  Return bayonet line BC-4 and Exchanger HX2504A (E34A)
	Top plate rear,
	CLOSED
	

	H9914A
	010604048
	Actuated isolation valve (V356) between  Return bayonet line BC-2 and Exchanger HX2504 (E34)
	Top plate rear,
	CLOSED
	

	H9917A
	010604048
	Actuated Cross-over valve (V350) between  Return bayonet line BC-2 and Cooldown return bypass line low side
	Top plate front
	CLOSED
	

	H9918A
	010604048
	Actuated Cross-over valve (V351) between  Return bayonet line BC-4 and Cooldown return bypass line low side
	Top plate front
	CLOSED
	

	H9919A
	010604048
	Actuated Cross-over valve (V352) between  Return bayonet line BC-3 and Cooldown return bypass line low side
	Top plate front
	CLOSED
	

	H9907A
	010604048
	Actuated cooldown return valve(V389) from cooldown return header to between HX2502 (E32) and HX-2503 (E33)
	Top plate front
	CLOSED
	

	H9905A
	010604048
	Actuated cooldown return valve(V387) from cooldown return header to between HX2500 (E30) and HX-2501 (E31)
	Top plate front
	CLOSED
	

	H9912A
	010604048
	Actuated isolation valve (V367) between  JT supply and bayonet BC-1
	Top plate rear
	CLOSED
	

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	CLOSED
	

	H9911A
	010604048
	Actuated Isolation valve (V342) for BC-5 connection
	Top plate rear, right
	CLOSED
	

	H9906A
	010604048
	Actuated Cooldown supply crossover valve (V385) from HP after charcoal beds (60K)into cooldown line supply line
	
	CLOSED
	


Table 6.1.2.1-b  1660 Preliminary Valve lineup for system check out
	H9908A
	010604048
	cooldown Crossover valve (V382) to BC-6 connection from expanders 9A/B
	Top plate front, right
	CLOSED
	

	N6000M
	010604048
	Manual isolation valve, LO side of DPT6090N
	
	OPEN
	

	N6001M
	010604048
	Manual isolation valve, HI side of DPT6090N
	
	OPEN
	

	N6002M
	010604048
	Manual equalization valve, on DPT6090N
	
	CLOSED
	

	H9913A
	010604048
	Actuated isolation valve (V318) on discharge side of expanders 9A/B
	Top plate front, right
	OPEN
	

	H9821M
	010604048
	Manual purge valve (V312) on HP helium line UPSTREAM of boiler
	
	CLOSED
	

	H9807M
	010604048
	Manual isolation valve(V339) for low side tap(to atmosphere) on compressor return line
	
	CLOSED
	

	H9813M
	010604048
	Bleed Valve from high pressure line precooler supply to atmosphere (V397)
	
	CLOSED
	

	H9863M
	010604048
	Manual purge valve (V377)on return line Bayonet BC-3
	
	CLOSED
	

	H98xxM
	010604048
	Manual purge valve (V376)on return line
Bayonet BC-4
	
	CLOSED
	

	H9861M
	010604048
	Manual purge valve (V373)on return line Bayonet BC-2
	
	CLOSED
	

	H9811M
	010604048
	Manual needle valve (V396) for supplying warm helium purge upstream of JT5 valve (JT 307)
	
	CLOSED
	




Table 6.1.2.1-c  Charcoal Adsorber Beds Valves
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9849M
	010604048
	Upstream manual isolation valve (V31) of charcoal bed F2001H (E36-A)
	Top plate front right
	CLOSED
	

	H9852M
	010604048
	Downstream manual isolation valve (V32) of charcoal bed F2001H (E36-A)
	Top plate front right
	CLOSED
	

	H9850M
	010604048
	Upstream manual isolation valve (V33) of charcoal bed F2002H (E36-B)
	Top plate front right
	OPEN
	

	H9851M
	010604048
	Downstream manual isolation valve (V34) of charcoal bed F2002H (E36-B)
	Top plate front right
	OPEN
	




	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9825M
	010604048
	Regen vacuum pumpout / backfill cross over valve (V35) for charcoal bed B
	
	CLOSED
	

	H9824M
	010604048
	Regen vacuum pumpout / backfill cross over valve(V36) for charcoal bed A
	
	CLOSED
	

	H9817M
	010604048
	Manual isolation valve, to evacuation line from low pressure compressor return line
	
	CLOSED
	

	H9819M
	010604048
	Manual isolation valve(V43) of evacuation line from vacuum pump
	
	CLOSED
	

	H9818M
	010604048
	Manual blowdown dump or external source connection valve(V44) for evacuation header section isolated by valve H9819M
	
	CLOSED
	



Table 6.1.2.1-d  Coldbox isolation valves
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9809M
	010604048
	1660 Coldbox High pressure inlet Manual isolation valve. H9809M (V391M)
	Left rear corner of 1660 skid
	CLOSED
	




Table 6.1.2.1-e  No. 1 Engine   maintenance valves
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9828M
	010604048
	Manual isolation valve (V61) evacuation line for Inlet side to expander   EX8A (E37A)
	
	CLOSED
	

	H9829M
	010604048
	Manual isolation valve (V63) evacuation line for Inlet side to expander   EX8B (E37B)
	
	CLOSED
	

	H9842M
	010604048
	Manual isolation valve (V18) engine purge line out from outlet side of expander   EX9A (E37A)
	
	CLOSED
	

	H9831M
	010604048
	Manual isolation valve (V25) engine purge line to  Inlet side to expander   EX8B (E37B)
	
	CLOSED
	




Table 6.1.2.1-f  No.2 Engine  maintenance valves
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9836M
	010604048
	Manual isolation valve (V62) evacuation line for Inlet side to expander   EX9A (E39A)
	
	CLOSED
	

	H9837M
	010604048
	Manual isolation valve (V64) evacuation line for Inlet side to expander   EX9B (E39B)
	
	CLOSED
	

	H9838M
	010604048
	Manual isolation valve (V17) engine purge line to  Inlet side to expander   EX9A (E39A)
	
	CLOSED
	

	H9839M
	010604048
	Manual isolation valve (V27) engine purge line to  Inlet side to expander   EX9B (E39B)
	
	CLOSED
	





Table 6.1.2.1-g  Engine  inlet  isolation valves
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9853M
	010604048
	Manual isolation valve (V315) inlet to expander   EX8A (E37A)
	
	CLOSED
	

	H9854M
	010604048
	Manual isolation valve (V325) inlet to expander   EX8B (E37B)
	
	CLOSED
	

	H9857M
	010604048
	Manual isolation valve (V317) inlet to expander   EX9A (E39A)
	
	CLOSED
	

	H9858M
	010604048
	Manual isolation valve (V337) inlet to expander   EX9B (E39B)
	
	CLOSED
	



Table 6.1.2.3  Blowdown of the main heat exchanger high pressure side
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9821M
	010604048
	Manual purge valve (V312) on HP helium line UPSTREAM of boiler
	
	OPEN
	

	H9904A
	010604048
	Two-way flow split control valve (V806) betwenn HX-E30 and precooler
	Left rear corner of 1660 skid
	50%
MANUAL
	




	H9809M
	010604048
	1660 Coldbox High pressure inlet Manual isolation valve. (V391M)
	Left rear corner of 1660 skid
	Crack open
	




	H9903A
	010604048
	1660 Coldbox High pressure inlet solenoid actuated  isolation valve N.C. H9903A (V323A)
	Left rear corner of 1660 skid
	AUTO
	




	H9903A
	010604048
	1660 Coldbox High pressure inlet solenoid actuated  isolation valve N.C. H9903A (V323A)
	Left rear corner of 1660 skid
	CLOSE
	




	H9821M
	010604048
	Manual purge valve (V312) on HP helium line UPSTREAM of boiler
	
	OPEN
½ TURN
	




	H9821M
	010604048
	Manual purge valve (V312) on HP helium line UPSTREAM of boiler
	
	CLOSE
	




	H9904A
	010604048
	Two-way flow split control valve (V806) betwenn HX-E30 and precooler
	Left rear corner of 1660 skid
	AUTO
MODE
	





Table 6.1.2.4  Blowdown of the main heat exchanger using HP bottles
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9813M
	010604048
	Bleed Valve from high pressure line precooler supply to atmosphere (V397)
	Left rear corner of 1660 skid
	
	



	H9809M
	010604048
	1660 Coldbox High pressure inlet Manual isolation valve. H9809M (V391M)
	Left rear corner of 1660 skid
	
	




	H9903A
	010604048
	1660 Coldbox High pressure inlet solenoid actuated  isolation valve N.C. H9903A (V323A)
	Left rear corner of 1660 skid
	AUTO
	




	H9903A
	010604048
	1660 Coldbox High pressure inlet solenoid actuated  isolation valve N.C. H9903A (V323A)
	Left rear corner of 1660 skid
	CLOSE
	




	H9821M
	010604048
	Manual purge valve (V312) on HP helium line UPSTREAM of boiler
	
	OPEN
½ TURN
	




	H9821M
	010604048
	Manual purge valve (V312) on HP helium line UPSTREAM of boiler
	
	CLOSE
	




	H9904A
	010604048
	Two-way flow split control valve (V806) betwenn HX-E30 and precooler
	Left rear corner of 1660 skid
	AUTO
MODE
	





	H9813M
	010604048
	Bleed Valve from high pressure line precooler supply to atmosphere (V397)
	Left rear corner of 1660 skid
	CLOSE
	





Table 6.1.2.5-a  Regeneration of 80K Charcoal adsorber A
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9849M
	010604048
	Upstream manual isolation valve (V31) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	CLOSE
	

	H9852M
	010604048
	Downstream manual isolation valve (V32) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	CLOSE
	

	H9850M
	010604048
	Upstream manual isolation valve (V33) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	OPEN
	

	H9851M
	010604048
	Downstream manual isolation valve (V34) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	OPEN
	



	H9818M
	010604048
	Manual purge or external source connection valve(V44) for evacuation header section isolated by valve H9819M
	Side Panel
	OPEN
	


Bed A
	H9825M
	010604048
	Regen vacuum pumpout cross over valve (V35) for charcoal bed B
	Side Panel
	OPEN SLOWLY
	



	H9818M
	010604048
	Manual purge or external source connection valve(V44) for evacuation header section isolated by valve H9819M
	Side Panel
	CLOSE
	



	H9819M
	010604048
	Manual isolation valve(V43) of evacuation line from vacuum pump
	Side Panel
	OPEN
	



	H9819M
	010604048
	Manual isolation valve(V43) of evacuation line from vacuum pump
	Side Panel
	CLOSE
	



BED A
	H9852M
	010604048
	Downstream manual isolation valve (V32) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	Crack
OPEN
	


Backfill
	H9852M
	010604048
	Downstream manual isolation valve (V32) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	CLOSE
	




	H9849M
	010604048
	Upstream manual isolation valve (V31) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	OPEN
	



	H9817M
	010604048
	Manual isolation valve, to evacuation line from low pressure compressor return line
	
	Crack
OPEN
	



	H9824M
	010604048
	Regen vacuum pumpout cross over valve(V36) for charcoal bed A
	Side Panel
	OPEN SLOWLY
	



Table 6.1.2.5 -b Regeneration of 80K Charcoal adsorber B
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9849M
	010604048
	Upstream manual isolation valve (V31) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	OPEN
	

	H9852M
	010604048
	Downstream manual isolation valve (V32) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	OPEN
	

	H9850M
	010604048
	Upstream manual isolation valve (V33) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	CLOSE
	

	H9851M
	010604048
	Downstream manual isolation valve (V34) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	CLOSE
	



	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H9818M
	010604048
	Manual purge or external source connection valve(V44) for evacuation header section isolated by valve H9819M
	Side Panel
	OPEN
	



	H9824M
	010604048
	Regen vacuum pumpout cross over valve(V36) for charcoal bed A
	Side Panel
	OPEN SLOWLY
	



	H9818M
	010604048
	Manual purge or external source connection valve(V44) for evacuation header section isolated by valve H9819M
	Side Panel
	CLOSE
	



	H9819M
	010604048
	Manual isolation valve(V43) of evacuation line from vacuum pump
	Side Panel
	OPEN
	



	H9819M
	010604048
	Manual isolation valve(V43) of evacuation line from vacuum pump
	Side Panel
	CLOSE
	


BED B Backfill and cooldown
	H9851M
	010604048
	Downstream manual isolation valve (V34) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	Crack
OPEN
	


Backfill
	H9851M
	010604048
	Downstream manual isolation valve (V34) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	CLOSE
	



	H9850M
	010604048
	Upstream manual isolation valve (V33) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	CLOSE
	



	H9817M
	010604048
	Manual isolation valve, to evacuation line from low pressure compressor return line
	
	Crack
OPEN
	



	H9825M
	010604048
	Regen vacuum pumpout cross over valve (V35) for charcoal bed B
	Side Panel
	CRACK
OPEN
	



	H9850M
	010604048
	Upstream manual isolation valve (V33) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	CLOSE
	



	H9825M
	010604048
	Regen vacuum pumpout cross over valve (V35) for charcoal bed B
	Side Panel
	CLOSE
	



	H9817M
	010604048
	Manual isolation valve, to evacuation line from low pressure compressor return line
	
	CLOSE
	





[bookmark: _Toc334679700]Table 6.1.3.1  Liquid Helium 1000 Gallon Storage Dewar Preparation
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3490M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom feed coming Lhe from 1660 JT valve
	Top of dewar, bayonet line
	OPEN
	

	H3491M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  2-phase feed coming Wet expander into dewar
	Top of dewar, bayonet line
	CLOSE
LOTO
	

	H3492M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  vapor return to 1660 low pressure return 
	Top of dewar, bayonet line
	OPEN
	

	H3493M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom liquid draw  Lhe from dewar
	Top of dewar, bayonet line
	CLOSE
	

	H3494R
	010604034
	Relief valve, 1000 Gal dewar, 40 psig
	Top of dewar
	RELIEF
	

	H3496M
	010604034
	Manual Isolation valve, Hi side, Liquid level head DP sensor LI 3314H
	Top of dewar
	OPEN
	

	H3497M
	010604034
	Manual Isolation valve, exit vent for vapor cooled shield / neck intercept bleedflow
	Top of dewar
	CLOSE
	

	H3498M
	010604034
	Manual Isolation valve, Low side, Liquid level head DP sensor LI 3314H
	Top of dewar
	OPEN
	

	H4911M
	010604034
	Purge Valve for helium storage Dewar
	Top of dewar
	CLOSE
	

	H3499M
	010604034
	Manual Isolation valve vapor side return during cooldown of dewar back to compressor suction
	Top of dewar
	CLOSE
	

	V3304M
	010604034
	Bleed up valve for insulating vacuum space liquid helium dewar
	Top of dewar
	CLOSE
	

	V3306M
	010604034
	isolation valve for vacuum gage
	Top of dewar
	CLOSE
	

	FIC3304H
	010604034
	Rotometer Flow indicator of vapor cooled shield flow with manual metering valve
	Front panel dewar
	OPEN
	

	EHTR-1
	010604034
	Boil-off heater in dewar, variac
	Front panel dewar
	ZERO %
	

	LI3313H
	010604034
	Liquid level sensor for Lhe dewar, Superconducting probe
	HMI
	
	

	LI3314H
	010604034
	Liquid level sensor for Lhe Dewar, local DP level gage
	Front panel dewar
	
	

	LT3313H
	010604034
	Liquid Helium Storage Dewar level Probe
	Top of dewar
	
	

	PI3314H
	010604034
	Pressure indicator, local dial gage, liquid helium storage  dewar pressure
	Front panel dewar
	
	

	PT3313H
	010604034
	30 psia pressure sensor, Liquid helium dewar
	HMI
	
	

	PT3315V
	010604034
	Vacuum gage, thermocouple DV-6
	Front panel dewar
	<50 mTorr
	






Table Table 6.1.3.2-a Independent pump and purge LHe dewar
	Tag
	P&ID Number
	Description	
	Location
	POSITION
	Check

	H3490M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom feed coming Lhe from 1660 JT valve
	Top of dewar, bayonet line
	CLOSE
	

	H3491M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  2-phase feed coming Wet expander into dewar
	Top of dewar, bayonet line
	CLOSE
LOTO
	

	H3492M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  vapor return to 1660 low pressure return 
	Top of dewar, bayonet line
	CLOSE
	

	H3493M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom liquid draw  Lhe from dewar
	Top of dewar, bayonet line
	CLOSE
	

	H4911M
	010604034
	Manual Isolation valve vapor side return during cooldown of dewar back to compressor suction
	Top of dewar
	CLOSE
	

	H3499M
	010604034
	Pump and purge / shut down check, top side, isolation valve, vapor space
	Top of dewar
	Pump & Purge
	



Table 6.1.3.2-b  Liquid Helium 1000 Gallon Storage Dewar Preparation Independent pump and purge
	
Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3490M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom feed coming Lhe from 1660 JT valve
	Top of dewar, bayonet line
	OPEN
	

	H3491M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  2-phase feed coming Wet expander into dewar
	Top of dewar, bayonet line
	CLOSE
LOTO
	

	H3492M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  vapor return to 1660 low pressure return 
	Top of dewar, bayonet line
	OPEN
	

	H3493M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom liquid draw  Lhe from dewar
	Top of dewar, bayonet line
	OPEN
	



Table 6.1.3.2-a Sobcooler Helium Bath Volume Pump and Purge
	Tag
	P&ID Number
	Description	
	Location
	POSITION
	Check

	H3330A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fillvalve
	On distribution valvebox PHPK
	CLOSE
	

	H3486M
	010604071
	Manual isolation valve: Return vapor subcooler bath to vapor return line 1660 Plant BC-2
	On transfer line behind subcooler 
	CLOSE
	




	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	
	
	
	
	
	

	H3373M
	010604087
	Isolation valve for 1/2 psig relief H3327R
	On subcooler skid
	CLOSE
	

	H3376M
	010604087
	Isolation valve for instrumentation
	On subcooler skid
	
	

	H3377M
	010604087
	Cooldown return valve to compressor suction
	On subcooler skid
	CLOSE
	

	H3378M
	010604087
	Isolation valve for shield flow flowmeter
	On subcooler skid
	CLOSE
	

	FE3303
	010604087
	Heat shield outlet flow
	On subcooler skid
	CLOSE
	

	LT3303H
	010604087
	Subcooler level probe
	On subcooler skid
	OFF
	

	PI3302H
	010604087
	Pressure indicator, local dial gage, subcooler bath pressure
	On subcooler skid
	
	






Table 6.1.6.1
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION

	H3382M
	010604089
	Manual isolation valve,Warm helium supply purge to wet expander inlet side line
	Wet expander skid
	

	H3384M
	010604089
	Manual isolation valve from Supply line side line inlet to wetepxander to cooldown return line
	Wet expander skid
	

	H3385A
	010604089
	Actuated Control valve, wet expander inlet valve
	Wet expander skid
	F.C.

	H3386M
	010604089
	Bayonet isolation valve, inlet side, used only if transfer line is disconnected
	Wet expander skid
	

	H3391M
	010604089
	Manual isolation valve, discharge line wetexpander
	Wet expander skid
	

	H3392M
	010604089
	Manual isolation valve, to cooldown return line back to 1660 compressor suction line
	Wet expander skid
	



Table 6.1.6.2  Independent Pump and purge
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION

	H3382M
	010604089
	Manual isolation valve,Warm helium supply purge to wet expander inlet side line
	Wet expander skid
	

	H3384M
	010604089
	Manual isolation valve from Supply line side line inlet to wetepxander to cooldown return line
	Wet expander skid
	

	H3385A
	010604089
	Actuated Control valve, wet expander inlet valve
	Wet expander skid
	F.C.

	H3386M
	010604089
	Bayonet isolation valve, inlet side, used only if transfer line is disconnected
	Wet expander skid
	

	H3391M
	010604089
	Manual isolation valve, discharge line wetexpander
	Wet expander skid
	

	H3392M
	010604089
	Manual isolation valve, to cooldown return line back to 1660 compressor suction line
	Wet expander skid
	





Table 6.1.7-a	ERL cryomodules 5-CELL and SRFGUN Cryostat System Preparation Valve Line-up:   Large vertical test dewar side
	Tag
	Location
P&ID
	Description
	Location
Hardware
	Position
	Check

	H3320A
	010604071

	Low pressure return from 40” Vertical Test Dewar to 20 Torr header
	Distribution Valve box
	LOTO
CLOSED
Handwheel
	

	H3322A
	010604071

	1.1 atm vapor return from 40” Vertical Test Dewar
	Distribution Valve box
	LOTO
CLOSED
Handwheel
	

	H3327A
	010604071

	Liquid supply isolation to 40” VTD from 1000 gallon LHe dewar
	Distribution Valve box
	LOTO
CLOSED
Handwheel
	

	H3328A
	010604071

	Liquid supply isolation to 40” VTD
	Distribution Valve box
	LOTO
CLOSED
Handwheel
	

	H3512A
	CA6010001
	Liquid fill valve into 40” VTD 
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3513A
	CA6010001
	Cooldown supply bottom valve into 40” VTD
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3522M
	CA6010001
	Warm helium supply purge manual metering valve
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3521A
	CA6010001
	Warm helium supply purge solenoid isolation valve
	40” Vertical Test Dewar
	LOTO CLOSED
	

	N3315A
	010604071

	LN2 control to N2 shield 40” VTD
	On Cryoduct
trunk above valvebox
	LOTO CLOSED
	

	N3343M
	CA6010001
	External supply from bottle: manual metering valve, Nitrogen or helium
	40” Vertical Test Dewar
	LOTO
CLOSED
	



Table 6.1.7-b  ERL cryomodules 5-CELL and SRFGUN Cryostat System: 28 Inch Test Dewar Small Block House side valve line up
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check


	H3316A
	010604071
	Vapor return control valve to 20 Torr Header from small test dewar
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	

	H3317M
	010604071
	Manual Isolation valve for atmospheric discharge
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	

	H3488A
	010604071
	Return Cross over valve from small test dewar volume to 1.2 atm low pressure line back to Sullair helium compressor suction
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	

	H3487A
	010604071
	Small Control valve, small test dewar volume to 20Torr header to Kinney vacuum pump
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	

	H3545A
	010604071
	Test Dewar atmospheric vent valve
	Outside small block house, near 1000 Gal Cryofab dewar
	CLOSE
	





Table 6.1.7-c  ERL cryomodules 5-CELL and SRFGUN Cryostat System: ERL side distribution valve line-up Pump and backfill
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3323A
	010604071
	Actuated Helium Valve, Return vapor from ERL cryomodules to 4.5K cryoplant
	On distribution valvebox PHPK
	OPEN
	

	H3324A
	010604071
	Actuated Helium Control Valve, Return vapor from ERL cryomodules to 20 Torr helium vacuum header
	On transfer line coming from ERL VJR
	OPEN
	

	H3326M
	010604071
	Manual Purge valve, on Vapor return line from ERL CRYOMODULES
	On distribution valvebox PHPK
	CLOSE
	

	H3328A
	010604071
	Actuated valve with hand wheel, isolates Subcooler subcooled supply to Test dewar.
	On distribution valvebox PHPK
	CLOSE
	

	H3329A
	010604071
	Actuated valve, isolates Subcooler subcooled supply to ERL cryomodules.
	On distribution valvebox PHPK
	CLOSE
	

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils
	On transfer line behind distribution valvebox PHPK
	CLOSE
	

	H3333M
	010604071
	Manual Purge valve, on liquid draw line from LHE dewar to valves H3327A and H3330A
	On distribution valvebox PHPK
	CLOSE
	

	H3335M
	010604071
	Manual Purge valve, on liquid supply line from LHE dewar to test dewar
	On distribution valvebox PHPK
	CLOSE
	

	H3336M
	010604071
	Manual purge valve, on vapor return line from Lhe dewar to 1660 plant
	On transfer line behind distribution valvebox PHPK
	CLOSE
	

	H3339M
	010604071
	Manual purge valve, volume on liquid supply line from subcooler to ERL cryomodules, between valves H3329A and H3353A, H3354A,H3356M,H1404A, H1405A
	On distribution valvebox PHPK
	CLOSE
	

	H3341M
	010604071
	Manual purge valve, volume on liquid supply line through subcooler between valves H3332A and H3328A, H33529A
	On distribution valvebox PHPK
	CLOSE
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	OPEN
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from 5 cell cavity boil-off
	On 5 cell VALVEBOX
	OPEN
	

	H10896A
	010604071
	20Torr Cold vapor  Return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSED
	

	H10922A
	010604071
	20 Torr Cold vapor return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSED
	

	H10947M
	010604071
	Isolation valve for helium shield and lead flows
	On manifold end for MKS mass flow controllers
	CLOSED
	




	H3353A
	010604071
	Actuated control valve, Liquid helium supply top fill reservoir volume for 5 cell SRF cavity
	On 5 cell VALVEBOX 
	OPEN
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 cell SRF cavity
	On 5 cell VALVEBOX
	OPEN
	

	H3356M
	010604071
	Manual isolation valve supply side of 5K circuits SRF Gun cryostat
	On 5 cell VALVEBOX
	OPEN
	

	H3360M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit solenoid SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3361M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit solenoid SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3363M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC#1 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3364M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit FPC#1 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3366M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC#2 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3367M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit FPC#2 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3369M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Tuner 5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H3370M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Tuner 5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H3486M
	010604071
	Manual isolation valve: Return vapor subcooler bath to vapor return line 1660 Plant BC-2
	On transfer line behind subcooler 
	OPEN
	

	H3529M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-1 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3530M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Endflange-1 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3531M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Endflange#2 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3532M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange#2 SRFGun
	On manifold for MKS mass flow controllers
	OPEN
	

	H3533A
	010604071
	Communication valve for vessel bottom fill line 5-cell system
	5-cell valvebox
	OPEN
	

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	OPEN
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	OPEN
	

	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	OPEN
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	OPEN
	

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	OPEN
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	OPEN
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	OPEN
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	OPEN
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	OPEN
	

	H3551M
	010604071
	Manual valve to atmosphere
	On manifold for MKS mass flow controllers
	CLOSED
	

	H3552M
	010604071
	Manual valve to atmosphere
	On manifold for MKS mass flow controllers
	CLOSED
	

	H10930M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10928M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10934M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-FPCside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10932M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-FPCside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10938M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-Tunerside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	

	H10936M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-Tunerside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	OPEN
	


		


	H3554M
	010604071
	
	
	
	

	H3339M
	010604071
	Manual purge valve, volume on liquid supply line from subcooler to ERL cryomodules, between valves H3329A and H3353A, H3354A,H3356M,H1404A, H1405A
	On distribution valvebox PHPK
	Connect to H3554M
	




Table 6.1.9  Cold Cathode Loop Preparation Valve lineup
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	N3304M
	010604088
	Manual isolation valve, LN2 purge
	SRF GUN Valvebox EDEN
	OPEN
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	OPEN
	

	N3307A
	010604088
	Actuated Control valve, LN2 phase seperator fill
	SRF GUN Valvebox EDEN
	OPEN
	

	N3310A
	010604088
	Actuated Control valve, LN2 pressure control
	SRF GUN Valvebox EDEN
	AUTO
@ 15 psig
	

	N3345M
	010604088
	Manual isolation valve, cathode supply
	On transfer line to cathode cart
	OPEN
	



After completion of the purge close N3306M and N3304M

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	N3304M
	010604088
	Manual isolation valve, LN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	





Table 6.1.10-a  Large 40 inch Vertical Test Dewar Preparation Initial Lineup check
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3335M
	010604071
	Manual Purge valve, on liquid supply line from LHE dewar to test dewar
	On distribution valvebox PHPK
	CLOSED
	

	H3321M
	010604071
	Manual Purge valve, on Vapor return line from 40 inch test dewar
	On distribution valvebox PHPK
	CLOSED
	

	H3328A
	010604071
	Actuated valve with hand wheel, isolates Subcooler subcooled supply to Test dewar.
	On distribution valvebox PHPK
	LOTO
CLOSED
	

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to VTD supply
	On distribution valvebox PHPK
	LOTO
CLOSED
	

	H3320A
	010604071

	Low pressure return from 40” Vertical Test Dewar
	Distribution Valve box
	LOTO
CLOSED
	

	H3322A
	010604071

	Liquid supply isolation to 40” VTD
	Distribution Valve box
	LOTO
CLOSED
	

	H3512A
	CA6010001
	Liquid fill valve into 40” VTD 
	40” Vertical Test Dewar
	LOTO
CLOSED
	

	H3513A
	CA6010001
	Cooldown supply bottom valve into 40” VTD
	40” Vertical Test Dewar
	LOTO
CLOSED
	




	H3522M
	CA6010001
	Warm helium supply purge manual metering valve
	40” Vertical Test Dewar
	Remove LOTO
CLOSED
	

	H3521A
	CA6010001
	Warm helium supply purge solenoid isolation valve
	40” Vertical Test Dewar
	CLOSED
	

	H3514M
	CA6010001
	Manual pump out port, for helium volume, isolation valve
	40” Vertical Test Dewar
	CLOSED
	

	N3315A
	010604071
	Liquid Nitrogen supply control valve thermal shield
	Distribution VJR line to VTD
	Remove LOTO
CLOSED
	

	N3343M
	CA6010001
	External supply from bottle: manual metering valve, Nitrogen or helium or dry air
	40” Vertical Test Dewar
	Remove LOTO
CLOSED
	

	N3314M
	CA6010001
	vent
	40” Vertical Test Dewar
	CLOSED
	

	N3342A
	CA6010001
	External supply from bottle solenoid isolation valve
	40” Vertical Test Dewar
	CLOSED
	




Table 6.1.10-b  Large 40 inch Vertical Test Dewar Pump & Backfill

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3514M
	CA6010001
	Manual pump out port, for helium volume, isolation valve
	40” Vertical Test Dewar
	OPEN
	



Pumpdown

Backfill to 1 atm
	H3522M
	CA6010001
	Warm helium supply purge manual metering valve
	40” Vertical Test Dewar
	OPEN
	

	H3521A
	CA6010001
	Warm helium supply purge solenoid isolation valve
	40” Vertical Test Dewar
	OPEN
	



Or 
	N3343M
	CA6010001
	External supply from bottle: manual metering valve, Nitrogen or helium or dry air
	40” Vertical Test Dewar
	
	

	N3342A
	CA6010001
	External supply from bottle solenoid isolation valve
	40” Vertical Test Dewar
	
	







Startup and cooldown of 1660 Coldbox with liquid in LHe dewar

Table 6.2.6-a Startup and cooldown of 1660 Coldbox with liquid in LHe dewar

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3330A
	010604071
	Subcooler bath fill valve. Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fill line
	On distribution valvebox PHPK
	CLOSED
	

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar
	On distribution valvebox PHPK
	CLOSED

	

	H3331A
	010604071
	Actuated control valve. Vapor return from  Liquid helium storage dewar
	On transfer line behind distribution valvebox PHPK
	CLOSED

	

	H9912A
	010604048
	Actuated isolation valve (V367) between  JT supply and bayonet BC-1
	1660 Top plate rear
	CLOSED

	




Table 6.2.6-b Startup and cooldown of 1660 Coldbox with liquid in LHe dewar

	Tag2
	P&ID Number
	Description
	Location
	POSITION
	Check

	H4911M
	010604034
	Pump and purge / shut down check, top side, isolation valve, vapor space
	Top of dewar
	OPEN
Check valve
	

	H3499M
	010604034
	Manual Isolation valve vapor side return during cooldown of dewar back to compressor suction
	Top of dewar
	OPEN

	

	H9914A
	010604048
	Actuated isolation valve (V356) between  Return bayonet line BC-2 and Exchanger HX2504 (E34)
	Top plate rear,
	OPEN

	

	H3331A
	010604071
	Actuated control valve. Vapor return from  Liquid helium storage dewar
	On transfer line behind distribution valvebox PHPK
	OPEN
25%
	




Table 6.2.6-c Startup and cooldown of 1660 Coldbox with liquid in LHe dewar: Expander valve line up
Engine Outlet
	H9856M
	010604048
	Manual isolation valve (V316) outlet to expander   EX8A (E37A)
	Left Rear Top Plate
	OPEN
	

	H9860M
	010604048
	Manual isolation valve (V318) outlet to expander   EX9A (E39A)
	Left Front Top Plate
	OPEN
	


Or / and
	H9855M
	010604048
	Manual isolation valve (V326) outlet to expander   EX8B (E37B)
	Right Front Top Plate
	OPEN
	

	H9859M
	010604048
	Manual isolation valve (V328) outlet to expander   EX9B (E39B)
	Right Rear Top Plate
	OPEN
	



Engine Inlet
	H9853M
	010604048
	Manual isolation valve (V315) inlet to expander   EX8A (E37A)
	Left Rear Top Plate
	OPEN
	

	H9857M
	010604048
	Manual isolation valve (V317) inlet to expander   EX9A (E39A)
	Left Front Top Plate
	OPEN
	



Or / and

	H9854M
	010604048
	Manual isolation valve (V325) inlet to expander   EX8B (E37B)
	Right Front Top Plate
	OPEN
	

	H9858M
	010604048
	Manual isolation valve (V337) inlet to expander   EX9B (E39B)
	Right Rear Top Plate
	OPEN
	




	H9913A
	010604048
	Actuated isolation valve (V318) on discharge side of expanders 9A/B
	Top plate front, right
	OPEN
	




	H9908A
	010604048
	cooldown Crossover valve (V382) to BC-6 connection from expanders 9A/B
	Top plate front, right
	CLOSED
	




	H3331A
	010604071
	Actuated control valve. Vapor return from  Liquid helium storage dewar
	On transfer line behind distribution valvebox PHPK
	AUTO
	





6.2.8.2 Valve lineup before cooldown of SRF GUN Cryostat / Valvebox or 5-CELL Cryostat / Valvebox

Valve line up before starting cooldown of SRF GUN/ VALVEBOX
		Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H1405A
	010604041
	Top fill valve
	Top of SRFGUN cryostat
	CLOSED
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	OPEN
	

	H1404A
	010604041
	Bottom fill valve
	Top of SRFGUN cryostat
	CLOSED
	



Valve line up before starting cooldown of the 5-CELL cryostat / valvebox
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3353A
	010604071
	Top fill valve
	Top of 5-cell valvebox
	CLOSE
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	Top of 5-cell valvebox
	OPEN
manual
100%
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 cell SRF cavity
	On 5 cell VALVEBOX
	CLOSE
	


	H10896A
	010604071
	20Torr Coldvapor  Return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSE
	

	H10922A
	010604071
	20 Torr Coldvapor return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSE
	



Return valves to 10 inch header to Kinney pumping system
	H3324A
	010604071
	Actuated Helium Control Valve, Return vapor from ERL cryomodules to 20 Torr helium vacuum header
	On transfer line coming from ERL VJR
	OPEN
	





6.2.8.3-a	Cooldown of the main liquid helium line to the SRF cryomodules
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils, to cryomodules
	On transfer line behind distribution valvebox PHPK
	CLOSED
	

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	 OPEN
	

	H3329A
	010604071
	Actuated valve, isolates Subcooler subcooled supply to ERL cryomodules.
	On distribution valvebox PHPK
	OPEN
	

	H10947M
	010604071
	Isolation valve for helium shield and lead flows return from manifold to compressor LP return line
	On manifold end for MKS mass flow controllers
	OPEN
	



6.2.8.3-b  5K Circuits of SRF GUN
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	



6.2.8.3-c	5K Circuits 5-CELL Cryostat
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	


Table 6.2.8.4 Cooldown of the cavities and helium volumes: Kinney pump startup

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3402M
	010604015
	Bypass valve, 3" around venturi meter FT4009H, to 3 inch header back to compressor suction
	On piping near wall
	OPEN
	

	H3403M
	010604015
	Isolation dump valve to atmosphere
	On piping near wall
	CLOSED
	

	H3404M
	010604015
	Isolation valve between Kinney pump and Sullair suction return line
	On piping near wall
	OPEN
	

	H10944A
	010604015
	Vacuum Control inlet valve before Kinney pump
	On piping above Kinney skid
	Control
	




Pumpdown from 1 atm completed
	H3402M
	010604015
	Bypass valve, 3" around venturi meter FT4009H, to 3 inch header back to compressor suction
	On piping near wall
	CLOSED
	



Table 6.2.8.5-a Cooldown of 5-cell Cavity Cryostat and valvebox
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 cell SRF cavity
	On 5 cell VALVEBOX
	Control
	



Table 6.2.8.5-b  Cooldown of 5-cell Cavity Cryostat and valvebox: 5K Circuits 5-CELL Cryostat
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	0.05 g/s
setpoint
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	0.05 g/s
Setpoint
	

	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	0.05 g/s
Setpoint
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	0.05 g/s
setpoint
	



Table 6.2.8.5-c  Cooldown of 5-cell Cavity Cryostat and valvebox: 
	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from 5 cell cavity boil-off
	On 5 cell VALVEBOX
	Control
	




Table 6.2.8.6-a Cool down of SRF GUN Cryostat and valve box

	H1404A
	010604041
	Bottom fill valve
	Top of SRFGUN cryostat
	CLOSED
	




Table 6.2.8.6-b  Cooldown SRF GUN Cryostat and valve box:  5K Circuits of SRF GUN
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	Setpoint to 0.05 g/s
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	Setpoint to 0.05 g/s
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	Setpoint to 0.05 g/s
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	Setpoint to 0.05 g/s
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	Setpoint to 0.02 g/s
	




	H3324A
	010604071
	Actuated Helium Control Valve, Return vapor from ERL cryomodules to 20 Torr helium vacuum header
	On transfer line coming from ERL VJR
	Control
	




Table 6.2.9 Cold cathode cool down
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	N3301M
	010604071
	Manual isolation valve, LN2 cathode cooling supply
	SRFGUN Valvebox
	
	

	N3304M
	010604088
	Manual isolation valve, LN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3307A
	010604088
	Actuated Control valve, LN2 phase separator fill
	SRF GUN Valvebox EDEN
	UNLOTO & CLOSE
Control
	

	N3310A
	010604088
	Actuated Control valve, LN2 pressure control
	SRF GUN Valvebox EDEN
	AUTO
@ 5 psig
	

	N3345M
	010604088
	Manual isolation valve, cathode supply
	On transfer line to cathode cart
	OPEN
	




Table 6.2.10.1 40 inch Vertical Test Dewar Operation: Cooldown and Operation
Valve line up check prior to cooldown

	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3335M
	010604071
	Manual Purge valve, on liquid supply line from LHE dewar to test dewar
	On distribution valvebox PHPK
	CLOSED
	

	H3321M
	010604071
	Manual Purge valve, on Vapor return line from 40 inch test dewar
	On distribution valvebox PHPK
	CLOSED
	

	H3328A
	010604071
	Actuated valve with hand wheel, isolates Subcooler subcooled supply to Test dewar.
	On distribution valvebox PHPK
	REMOVE
LOTO
CLOSED
	

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to VTD supply
	On distribution valvebox PHPK
	REMOVE
LOTO
CLOSED
	

	H3320A
	010604071

	Low pressure return from 40” Vertical Test Dewar
	Distribution Valve box
	REMOVE
LOTO CLOSE. This is a fail open valve, verify air is on
	

	H3322A
	010604071

	Liquid supply isolation to 40” VTD
	Distribution Valve box
	REMOVE LOTO
CLOSE
	

	H3512A
	CA6010001
	Liquid fill valve into 40” VTD 
	40” Vertical Test Dewar
	REMOVE LOTO
CLOSE
	

	H3513A
	CA6010001
	Cooldown supply bottom valve into 40” VTD
	40” Vertical Test Dewar
	REMOVE
LOTO
CLOSE
	

	H3522M
	CA6010001
	Warm helium supply purge manual metering valve
	40” Vertical Test Dewar
	REMOVE LOTO
CLOSE
	

	H3521A
	CA6010001
	Warm helium supply purge solenoid isolation valve
	40” Vertical Test Dewar
	CLOSED
	

	H3514M
	CA6010001
	Manual pump out port, for helium volume, isolation valve
	40” Vertical Test Dewar
	CLOSED
	

	N3315A
	010604071
	Liquid Nitrogen supply control valve thermal shield
	Distribution VJR line to VTD
	REMOVE LOTO
CLOSE
	

	N3343M
	CA6010001
	External supply from bottle: manual metering valve, Nitrogen or helium or dry air
	40” Vertical Test Dewar
	REMOVE LOTO
CLOSE
	

	N3342A
	CA6010001
	External supply from bottle solenoid isolation valve
	40” Vertical Test Dewar
	CLOSED
	





Table 6.2.10.3  40 inch Vertical Test Dewar Operation: Kinney Pump Skid valve lineup
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3402M
	010604015
	Bypass valve, 3" around venturi meter FT4009H, to 3 inch header back to compressor suction
	On piping near wall
	OPEN
	

	H3403M
	010604015
	Isolation dump valve to atmosphere
	On piping near wall
	CLOSED
	

	H3404M
	010604015
	Isolation valve between Kinney pump and Sullair suction return line
	On piping near wall
	OPEN
	




Table 6.3.1-a	Subcooler warm-up and shutdown
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3330A
	010604071
	Subcooler bath fill valve. Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fill line
	On distribution valvebox PHPK
	CLOSED
	




Table 6.3.1-b	Subcooler warm-up and shutdown
	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar
	On distribution valvebox PHPK
	CLOSED
LOTO
[VTF]
	

	H3493M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom liquid draw  Lhe from dewar
	Top of dewar, bayonet line
	CLOSED

	

	H3330A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fillvalve
	On distribution valvebox PHPK
	OPEN
	

	H3554M
	010604071
	Manual valve. Tap of 2” helium warm supply line from compressor to VTD
	On 2” piping above subcooler
	Throttle OPEN
	

	H3333M
	010604071
	Manual Purge valve, on liquid draw line from LHE dewar to valves H3327A and H3330A
	On distribution valvebox PHPK
	Throttle for purge
	

	
	
	
	
	
	





Table 6.3.3.	Cold cathode cooling loop warm-up and shutdown

	Tag
	P&ID Number
	Description
	Location
	POSITION
	Check

	N3301M
	010604071
	Manual isolation valve, LN2 cathode cooling supply
	SRFGUN Valvebox
	CLOSE
	

	N3304M
	010604088
	Manual isolation valve, purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3307A
	010604088
	Actuated Control valve, LN2 phase seperator fill
	SRF GUN Valvebox EDEN
	OPEN
	

	N3310A
	010604088
	Actuated Control valve, LN2 pressure control
	SRF GUN Valvebox EDEN
	CLOSE
	

	N3345M
	010604088
	Manual isolation valve, cathode supply
	On transfer line to cathode cart
	OPEN
	

	HTR-423
	010604088
	Heater for LN2 vaporization
	SRF GUN Valvebox EDEN
	OFF
	




Table 6.3.4.1-a 	SRF Gun Cryostat/valvebox warm-up and shutdown
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H1405A
	010604041
	Top fill valve
	Top of cryostat
	CLOSED
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	OPEN
	



Table 6.3.4.1-b  SRF Gun Cryostat/valvebox warm-up and shutdown Warm up of the 
		SRF GUN to room temperature
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3353A
	010604071
	Actuated control valve, Liquid helium supply top fill reservoir volume for 5 CELL cavity
	On 5 cell VALVEBOX 
	CLOSE
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 CELL cavity
	On 5 cell VALVEBOX
	CLOSE
	





Table 6.3.4.1-c	SRF Gun Cryostat/valvebox warm-up and shutdown: Isolate and empty the 5-CELL cryostat
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	 CLOSED
	

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils, to cryomodules
	On transfer line behind distribution valvebox PHPK
	CLOSED
	

	H1405A
	010604041
	Top fill valve
	Top of SRF-GUN cryostat
	CLOSED
	

	H10975A
	010604015
	Vacuum bypass automatic valve for vacuum pump
	On piping above Kinney skid
	OPEN
	

	H10982M
	010604015
	Vacuum bypass isolation valve for vacuum pump
	On piping above Kinney skid
	OPEN
	



Table 6.3.4.1-d	SRF Gun Cryostat/valvebox warm-up and shutdown: 5K circuits
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	Setpoint to 0.3 g/s
	






5-CELL Cryostat/valvebox warm-up and shutdown

Table 6.3.5.1  5-CELL Cryostat/valvebox warm-up and shutdown: Empty liquid from 5-CELL cavity cryostat
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3353A
	010604071
	Top fill valve
	Top of 5-cell valvebox
	CLOSE
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	Top of 5-cell valvebox
	OPEN
manual
100%
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 cell SRF cavity
	On 5 cell VALVEBOX
	CLOSE
	



Table 6.3.5.2-a  Table Isolate and empty the SRF-GUN cryostat
		Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H1405A
	010604041
	Top fill valve
	Top of SRF-GUN cryostat
	CLOSED
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF-GUN VALVEBOX
	OPEN
100%
	



Table 6.3.5.2-b  Table Isolate and empty the SRF-GUN cryostat
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	 CLOSED
	

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils, to cryomodules
	On transfer line behind distribution valvebox PHPK
	CLOSED
	

	H1405A
	010604041
	Top fill valve
	Top of cryostat
	CLOSED
	



Table 6.3.5.2-c  5-CELL Cryostat/valvebox warm-up and shutdown:5K Circuits
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	
	

	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	
	



Table 6.3.6  Kinney vacuum skid shutdown
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H10975A
	010604015
	Vacuum bypass valve for vacuum pump
	On piping above Kinney skid
	OPEN
	

	H10982M
	010604015
	Vacuum bypass isolation valve for vacuum pump
	On piping above Kinney skid
	OPEN
	

	H10944A
	010604015
	Vacuum Control inlet valve before Kinney pump
	On piping above Kinney skid
	CLOSE
	

	H10968M
	010604015
	Cross-over valve to FT4010H of Kinney skid discharge flow
	On Kinney  skid
	CLOSE
	




Table 6.3.7-a  1660 Plant shutdown
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H9903A
	010604048
	1660 Coldbox High pressure inlet solenoid actuated  isolation valve N.C. H9903A (V323A)
	Left rear corner of 1660 skid
	CLOSE
By controls
	



Table 6.3.7-b  1660 Plant shutdown
	H9853M
	010604048
	Manual isolation valve (V315) inlet to expander   EX8A (E37A)
	Left Rear Top Plate
	CLOSE

	

	H9854M
	010604048
	Manual isolation valve (V325) inlet to expander   EX8B (E37B)
	Right Front Top Plate
	CLOSE

	

	H9857M
	010604048
	Manual isolation valve (V317) inlet to expander   EX9A (E39A)
	Left Front Top Plate
	CLOSE

	

	H9858M
	010604048
	Manual isolation valve (V337) inlet to expander   EX9B (E39B)
	Right Rear Top Plate
	CLOSE

	

	Locking bars
	010604048
	Install flywheel l;okcing bars
	Flywheels
	LOCK
	




Table 6.3.8.1-a	1000 Gallon Liquid helium dewar warmup and shutdown: Isolate the cavity cryomodules
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H10896A
	010604071
	20Torr Coldvapor  Return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSE
	

	H10922A
	010604071
	20 Torr Coldvapor return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	CLOSE
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	CLOSE
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from 5 cell cavity boil-off
	On 5 cell VALVEBOX
	CLOSE
	




Table 6.3.8.1-b Valve line up to send helium boil-off from 1000 gal liquid helium dewar to 20 Torr ambient vaporizer
	Tag
	Location
P&ID
	Description
	Location

	Position
	Check

	H3331A
	010604071
	Actuated control valve. Vapor return from  Liquid helium storage dewar
	On transfer line behind distribution valvebox PHPK
	OPEN
	

	H9917A
	010604048
	Actuated Cross-over valve (V350) between  Return bayonet line BC-2 and Cooldown return bypass line low side
	Top plate front
	OPEN
	

	H9919A
	010604048
	Actuated Cross-over valve (V352) between  Return bayonet line BC-3 and Cooldown return bypass line low side 
	Top plate front
	OPEN
	

	H3323A
	010604071
	Actuated Helium Valve, Return vapor from ERL cryomodules TO 4.5K cryoplant
	On distribution valvebox PHPK
	OPEN
	

	H3324A
	010604071
	Actuated Helium Control Valve, Return vapor from ERL cryomodules to 20 Torr helium vacuum header
	On transfer line coming from ERL VJR
	OPEN
	

	H10975A
	010604015
	Vacuum bypass valve for vacuum pump
	On piping above Kinney skid
	OPEN
	

	H10982M
	010604015
	Vacuum bypass isolation valve for vacuum pump
	On piping above Kinney skid
	OPEN
	

	H10866C
	010604015
	Vacuum bypass check valve for vacuum pump
	On piping above Kinney skid
	
	

	H10973M
	010604015
	System isolation downstream of venturi mass flow meters FI4010H,FI4009H through Kinney pump skid
	On Kinney  skid
	OPEN
	

	H3404M
	010604015
	Isolation valve between Kinney pump and Sullair suction return line
	On piping near wall
	OPEN
	




ATTACHMENT B	Valve & Instrument List, Description/Location Table


B.1	Sub-atmospheric Pumping System Kinney vacuum skid
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3400M
	010604015
	Crossover isolation valve for Upstream pressure measurement of FT4009H venturi using PI8464H
	On piping near wall
	
	

	H3401M
	010604015
	Crossover isolation valve for Upstream pressure measurement of FT4010H venturi using PI8464H
	On piping near wall
	
	

	H3402M
	010604015
	Bypass valve, 3" around venturi meter FT4009H, to 3 inch header back to compressor suction
	On piping near wall
	
	

	H3403M
	010604015
	Isolation dump valve to atmosphere
	On piping near wall
	
	

	H3404M
	010604015
	Isolation valve between Kinney pump and Sullair suction return line
	On piping near wall
	
	

	H3405M
	010604015
	Isolation valve (V10A) from gas supply line to Kinney pump attenuation port  from oil demister discharge side
	On Kinney  skid
	
	

	H3406M
	010604015
	Isolation valve (V4) donwstream of hi to low bypass control valve V-3 (H3407E)
	
	
	

	H3407E
	010604015
	Hi (Kinney discharge side) to low (blower suction side) bypass control valve V-3 (H3407E)
	On Kinney  skid
	
	

	H3408M
	010604015
	Isolation valve (V2) upstream of hi to low bypass control valve V-3 (H3407E)
	On Kinney  skid
	
	

	H3409M
	010604015
	Needle valve (V9A) for attentuation gas supply line to Kinney Liquid pump chamber from oil demister discharge side
	On Kinney  skid
	
	

	H3410C
	010604015
	Check valve gas supply line to Kinney Liquid pump attentuation port from oil demister discharge side
	On Kinney  skid
	
	

	H3411R
	010604015
	Anti-cavitation valve (VSV-1A) flow from Liquid ring discharge to Liquid ring suction side
	On Kinney  skid
	
	

	H3412M
	010604015
	Manual globe valve between oil supply from internal line to mech shaft seal 2nd stage
	On Kinney  skid
	
	

	H3413M
	010604015
	Manual valve Oil make up supply from external source
	On Kinney  skid
	
	

	H3414C
	010604015
	Check Valve, N-1A, suction check on liquid ring pump 1A
	On Kinney  skid
	
	

	H3415A
	010604015
	Actuated Isolation valve, Suction to liquid ring pump 1A
	On Kinney  skid
	F.C.
	

	H3416M
	010604015
	Isolation valve for PT3331H interstage pressure
	On Kinney  skid
	
	

	H3417M
	010604015
	Isolation valve supply oil from oil cooler to mech seal into 1st stage liquid ring 1A
	On Kinney  skid
	
	

	H3418M
	010604015
	Isolation of main oil supply line to Liquid Ring feed 1A
	On Kinney  skid
	
	

	H3419C
	010604015
	Check Valve, remainING oil from oil pump 1A, to booster loop /booster oil
	On Kinney  skid
	
	

	H3420C
	010604015
	Check Valve, remainING oil from oil pump 1B, to booster loop /booster oil
	On Kinney  skid
	
	

	H3421M
	010604015
	Isolation valve (V10B) from gas supply line to Kinney pump attenuation port  from oil demister discharge side
	On Kinney  skid
	
	

	H3422M
	010604015
	Manual globe valve between oil supply from internal line to mech shaft seal 2nd stage
	On Kinney  skid
	
	

	H3423A
	010604015
	Isolation of main oil pump supply line to Liquid Ring feed 1B
	On Kinney  skid
	F.C.
	

	H3424M
	010604015
	Isolation valve supply oil from oil cooler to mech seal into 1st stage liquid ring 1B
	On Kinney  skid
	
	

	H3425M
	010604015
	Needle valve (V9B) for attentuation gas supply line to Kinney Liquid pump chamber from oil demister discharge side
	On Kinney  skid
	
	

	H3426C
	010604015
	Check valve gas supply line to Kinney Liquid pump attentuation port from oil demister discharge side
	On Kinney  skid
	
	

	H3427M
	010604015
	Manual Oil drain valve on Oil Tank 1A
	On Kinney  skid
	
	

	H3428S
	010604015
	Solenoid actuated Cooling water isolation valve supply to oil cooler HX_1A
	On Kinney  skid
	
	

	H3429M
	010604015
	Manual valve Oil make up supply from external source
	On Kinney  skid
	
	

	H3430M
	010604015
	Manual Oil drain valve on Oil Tank 1B
	On Kinney  skid
	
	

	H3431S
	010604015
	Solenoid actuated Cooling water isolation valve supply to oil cooler HX_1B
	On Kinney  skid
	
	

	H3432S
	010604015
	Solenoid actuated Cooling water isolation valve, V-17A supply to oil cooler Blower end gear side1
	On Kinney  skid
	
	

	H3433S
	010604015
	Solenoid actuated Cooling water isolation valve, V-18A supply to oil cooler Blower end gear side2
	On Kinney  skid
	
	

	H3434S
	010604015
	Solenoid actuated isolation valve V-15 for oil injection cooling flow to Blower suction side
	On Kinney  skid
	
	




	H3435M
	010604015
	Manual isolation valve V-14 downstream of flow rotameter FI3300H, oil injection flow into blower
	On Kinney  skid
	
	

	H3436M
	010604015
	Manual isolation valve V-13 upstream of flow rotameter FI3300H, oil injection flow into blower
	On Kinney  skid
	
	

	H3437A
	010604015
	Actuated Isolation valve, Suction to liquid ring pump 1B
	On Kinney  skid
	F.C.
	

	H3438C
	010604015
	Check Valve, N-1B, suction check on liquid ring pump 1B
	On Kinney  skid
	
	

	H3439S
	010604015
	Solenoid actuated isolation valve V-16 for blower injection oil oil cooler heatexchanger water flow loop
	On Kinney  skid
	
	

	H3440R
	010604015
	Anti-cavitation valve (VSV-1B) flow from Liquid ring 1B discharge to Liquid ring 1B suction side
	On Kinney  skid
	
	

	H3442M
	010604015
	Dump valve to atmosphere from Kinney discharge line
	On piping near wall
	
	

	H3443M
	010604015
	Dump valve to atmosphere from Kinney discharge line
	On piping near wall
	
	

	H10986R
	010604015
	Relief valve, Kinney skid discharge line, 5 psig
	On piping above Kinney skid
	
	

	H10973M
	010604015
	System isolation downstream of venturi mass flow meters FI4010H,FI4009H through Kinney pump skid
	On Kinney  skid
	
	

	H10968M
	010604015
	Cross-over valve to FT4010H of Kinney skid discharge flow
	On Kinney  skid
	
	

	H10944A
	010604015
	Vacuum Control inlet valve before Kinney pump
	On piping above Kinney skid
	F.C.
	

	H10975A
	010604015
	Vacuum bypass valve for vacuum pump
	On piping above Kinney skid
	F.C.
	

	H10982M
	010604015
	Vacuum bypass isolation valve for vacuum pump
	On piping above Kinney skid
	
	

	H10866C
	010604015
	Vacuum bypass check valve for vacuum pump
	On piping above Kinney skid
	
	

	H10969M
	010604015
	Vacuum pump out let bypass
	On piping above Kinney skid
	
	

	H10890M
	010604015
	Vacuum pump outlet flow meter isolation valve
	On piping above Kinney skid
	
	

	H10984M
	010604015
	Vacuum pump out let bypass
	On piping above Kinney skid
	
	

	H10868C
	010604015
	Vacuum pump outlet check valve
	On piping above Kinney skid
	
	

	H10971H
	010604015
	Vacuum outlet atmospheric vent 
	On piping above Kinney skid
	
	

	H10972H
	010604015
	Vacuum pump out let bypass
	On piping above Kinney skid
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	FI3300H
	010604015
	Local flow indicator for oil jection loop to blower suction side
	On Kinney  skid
	
	

	FE3301H
	010604015
	Oil flow to liquid ring vacuum pump KLRC-525a
	On Kinney  skid
	
	

	FE3302H
	010604015
	Oil flow to liquid ring vacuum pump KLRC-525b
	On Kinney  skid
	
	

	HX3302
	010604015
	Heat exchanger, Oil cooler: Water /Oil, Roots blower
	On Kinney  skid
	
	

	HX3303
	010604015
	Heat exchanger, Oil cooler: Water /Oil, Liquid Ring
	On Kinney  skid
	
	

	HX3304
	010604015
	Heat exchanger, Oil cooler: Water /Oil, Liquid Ring
	On Kinney  skid
	
	

	LI3309
	010604015
	Oil liquid level visual column indicator Oil tank A Kinney liquid ring pump A 
	On Kinney  skid
	
	

	LI3310
	010604015
	Sight glass window Low point on oil tank A
	On Kinney  skid
	
	

	LI3311
	010604015
	Oil liquid level visual column indicator Oil tank B Kinney liquid ring pump B
	On Kinney  skid
	
	

	LI3312
	010604015
	Sight glass window Low point on oil tank B
	On Kinney  skid
	
	

	LSL3300
	010604015
	Low liquid level Switch for oil tank A on Kinney pump skid
	On Kinney  skid
	
	

	LSL3301
	010604015
	Low liquid level Switch for oil tank A on Kinney pump skid
	On Kinney  skid
	
	

	M3300
	010604015
	A Liquid ring vacuum pump motor
	On Kinney  skid
	
	

	M3301
	010604015
	Booster motor
	On Kinney  skid
	
	

	M3302
	010604015
	B Liquid ring vacuum pump motor
	On Kinney  skid
	
	

	PI3306H
	010604015
	Pressure indicator, local dial gage, Helium suction side of liquid ring pump 1A
	On Kinney  skid
	
	

	PI3307H
	010604015
	Pressure indicator, local dial gage, Oil pressure main oil injection port of liqiud ring pump 1A
	On Kinney  skid
	
	

	PI3308H
	010604015
	Pressure indicator, local dial gage, Oil pressure main oil injection port of liqiud ring pump 1B
	On Kinney  skid
	
	

	PI3309H
	010604015
	Pressure indicator, local dial gage, Discharge pressure Kinney pump 1A Oil tank/separator outlet
	On Kinney  skid
	
	

	PI3310H
	010604015
	Pressure indicator, local dial gage, Discharge pressure Kinney pump 1B Oil tank/separator outlet
	On Kinney  skid
	
	

	PI3311H
	010604015
	Pressure indicator, local dial gage, Discharge pressure Downstream of oil demister vessel  on main discharge line tee-off
	On Kinney  skid
	
	

	PI3312H
	010604015
	Pressure indicator, local dial gage, Helium suction side of liquid ring pump 1B
	On Kinney  skid
	
	

	PT8455H  (PT3307H)
	010604015
	Vacuum skid suction side pressure upstream of butterfly valve
	On piping above Kinney skid
	
	

	PT3308H
	010604015
	50Torr Range pressure transmitter, suction pressure blower
	On piping above Kinney skid
	
	

	PT3309H
	010604015
	Line pressure sensor for Kinney pump
	On piping above Kinney skid
	
	

	PT3331H
	010604015
	Kinney liquid ring suction pressure /booster discharge pressure
	On Kinney  skid
	
	

	FT4010H
	010604015
	Vacuum Outlet flow meter, Low flow
	On piping above Kinney skid
	
	

	FT4009H
	010604015
	Vacuum Outlet flow meter, High flow
	On piping above Kinney skid
	
	

	PI8464H
	010604015
	Vacuum pump outlet pressure
	On piping above Kinney skid
	
	

	TT1098H
	010604015
	Vacuum pump outlet temperature
	On piping above Kinney skid
	
	

	TI3300H
	010604015
	Local dial Temperature indicator, oil temperature, outlet flow oil cooler for pump A, Kinney vacuum pump skid
	On Kinney  skid
	
	

	TI3301H
	010604015
	Local dial Temperature indicator, oil temperature, outlet flow oil cooler for pump B, Kinney vacuum pump skid
	On Kinney  skid
	
	

	TI3302H
	010604015
	Local dial Temperature indicator, oil temperature, inlet flow oil cooler for pump A, Kinney vacuum pump skid
	On Kinney  skid
	
	

	TI3303H
	010604015
	Local dial Temperature indicator, oil temperature, inlet flow oil cooler for pump B Kinney vacuum pump skid
	On Kinney  skid
	
	

	TS3300H
	010604015
	Temperature switch, Low helium inlet temperature to roots blower suction
	On Kinney  skid
	
	

	TS3301H
	010604015
	Temperature switch, High helium outlet temperature from roots blower discharge
	On Kinney  skid
	
	

	TSH3300
	010604015
	Temperature switch High, High oil temperature switch interlock of discharge of liquid ring pump in oil tank A
	On Kinney  skid
	
	

	TSH3301
	010604015
	Temperature switch High, High oil temperature switch interlock of discharge of liquid ring pump in oil tank B
	On Kinney  skid
	
	





B.2	11,000 Gallon LN2 STORAGE DEWAR Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	N3300R
	010604031
	Relief valve, Nitrogen 65 PSIG
	Below LN2 dewar
	
	

	N3313M
	010604031
	Manual isolation valve, full try cock
	Below LN2 dewar
	
	

	N3316M
	010604031
	Manual isolation valve, LN2 top fill
	Below LN2 dewar
	
	

	N3317M
	010604031
	Manual isolation valve, blow down
	Below LN2 dewar
	
	

	N3318M
	010604031
	Manual isolation valve, LN2 bottom fill
	Below LN2 dewar
	
	

	N3320M
	010604031
	Manual isolation valve, LN2 local level gauge
	Below LN2 dewar
	
	

	N3321M
	010604031
	Manual isolation valve, LN2 local level gauge
	Below LN2 dewar
	
	

	N3322M
	010604031
	Manual isolation valve, LN2 upstream of exchanger
	Below LN2 dewar
	
	

	N3323A
	010604031
	mechanical regulator Control valve, pressure building control loop
	Below LN2 dewar
	Mech regulator
	

	N3324M
	010604031
	Manual isolation valve, LN2 fill
	Below LN2 dewar
	
	

	N3325R
	010604031
	Relief valve, Nitrogen 100 PSIG
	Below LN2 dewar
	
	

	N3327R
	010604031
	Relief valve, Nitrogen regulator relief
	Below LN2 dewar
	
	

	N3329M
	010604031
	Manual isolation valve, LN2 purge
	Below LN2 dewar
	
	

	N3332M
	010604031
	Manual isolation valve, LN2 purge
	Below LN2 dewar
	
	

	N3333A
	010604031
	mechanical regulator Control valve, economizer pressure building regulator
	Below LN2 dewar
	Mech regulator
	

	N3334M
	010604031
	Manual isolation valve, LN2 supply end user
	Below LN2 dewar
	
	

	N3348M
	010604031
	isolation valve for PT and DPT
	Below LN2 dewar
	
	

	N3349M
	010604031
	DPT bypass Valve
	Below LN2 dewar
	
	

	N3350M
	010604031
	isolation valve for DPT
	Below LN2 dewar
	
	

	N3354A
	010604031
	Automatic isolation valve LN2 main dewar
	Below LN2 dewar
	CLOSED
	

	N3355R
	010604031
	Trapped volume relief
	Below LN2 dewar
	
	

	N6243M
	010604031
	isolation valve for DPT
	Below LN2 dewar
	
	

	N6242M
	010604031
	isolation valve for PT and DPT
	Below LN2 dewar
	
	

	N4916M
	010604031
	Isolation valve for PG
	Below LN2 dewar
	
	

	N6241R
	010604031
	Trap volume relief
	Below LN2 dewar
	
	

	N6240R
	010604031
	Trap volume relief
	Below LN2 dewar
	
	

	N6244M
	010604031
	Nitrogen Purge line
	Below LN2 dewar
	
	

	PG3600N
	010604031
	Nitrogen Fill pressure gauge
	Below LN2 dewar
	
	

	BD2527N
	010604031
	LN2 STORAGE 11,000 GAL (N3321R)
	Below LN2 dewar
	
	

	DPT3308N
	010604031
	Differential pressure for liquid nitrogen tank
	Below LN2 dewar
	
	

	LLG3300N
	010604031
	Manual mechanical  liquid level gage
	In front of LN2 dewar
	
	

	PT3305N
	010604031
	Liquid nitrogen pressure
	In front of LN2 dewar
	
	





B.3	SULLAIR Compressor skid Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3500R
	010604032
	Relief valve compressor discharge
	On Sullair skid
	
	

	H3501M
	010604032
	Manual dump /purge vent valve on compressor discharge side
	On Sullair skid
	
	

	H3502M
	010604032
	Blowdown valve, manual valve, bulk oil separator on compressor skid
	On Sullair skid
	
	

	H3503C
	010604032
	Check valve, compressor discharge side down stream of bulk oil separator
	On Sullair skid
	
	

	H3504C
	010604032
	Check valve compressor suction
	On Sullair skid
	
	

	H3506M
	010604032
	Compressor outlet valve
	On Sullair skid
	
	

	H3505M
	010604032
	isolation valve, instrument
	On Sullair skid
	
	

	E3300M
	010604032
	Bulk Oil seperator drain
	On Sullair skid
	
	

	E3301M
	010604032
	Oil Strain inlet isolation
	On Sullair skid
	
	

	E3302M
	010604032
	Oil Strain outlet isolation
	On Sullair skid
	
	

	E3303C
	010604032
	Oil injection-female rotor check valve
	On Sullair skid
	
	

	E3304C
	010604032
	Oil pump outlet check valve
	On Sullair skid
	
	

	E3305R
	010604032
	Oil Pressure relief valve
	On Sullair skid
	
	

	E3306M
	010604032
	Oil filter 3-way stop valve
	On Sullair skid
	
	

	E3307M
	010604032
	Oil filter pressure sensor isolation valve
	On Sullair skid
	
	

	E3308M
	010604032
	Oil filter Drain
	On Sullair skid
	
	

	E3309C
	010604032
	Oil filter check valve
	On Sullair skid
	
	

	E3310C
	010604032
	Oil filter check valve
	On Sullair skid
	
	

	E3311M
	010604032
	Oil filter pressure sensor isolation valve
	On Sullair skid
	
	

	E3312M
	010604032
	Oil filter Drain
	On Sullair skid
	
	

	E3313A
	010604032
	Oil pressure regulator 3-way valve
	Mech regulator
	
	

	E3314A
	010604032
	Pressure indicator selector 3-way valve
	Mech regulator
	
	

	E3600C
	010604032
	Oil injection-male rotor check valve
	On Sullair skid
	
	

	E3315M
	010604032
	PI ISOLATION VALVE ON Sullair
	On Sullair skid
	
	

	W3301A
	010604032
	Cooling water in to oil cooler
	F.C.
	
	

	W0100M
	010604032
	Inlet tap
	On water line above compressor
	
	

	W0101M
	010604032
	Oulet Tap
	On water line above compressor
	
	

	W0102M
	010604032
	Water outlet
	On water line above compressor
	
	

	W0103M
	010604032
	Oil cooler Valve bypass
	On water line above compressor
	
	

	W0104M
	010604032
	Water Inlet
	On water line above compressor
	
	

	HZS3301
	010604032
	Compressor Load button hand switch
	On Sullair skid panel
	
	

	HTR-3305
	010604032
	Oil heater bulk oil separator main compressor skid
	
	
	

	M0001
	010604032
	Helium compressor motor
	
	
	

	ZI3301
	010604032
	position indicator for compressor load valve
	On Sullair skid
	
	

	ZY3301
	010604032
	Output signal to compressor load slide valve actuator
	On Sullair skid
	
	

	ZSH3301
	010604032
	Position switch limit, full loaded compressor slide valve
	On Sullair skid
	
	

	ZSL3301
	010604032
	Position switch limit, full unloaded compressor slide valve
	On Sullair skid
	
	

	PI3317H
	010604032
	Sullair Compressor discharge pressure
	On Sullair skid
	
	

	PI3318E
	010604032
	Sullair oil filter inlet pressure
	On Sullair skid
	
	

	PSH3306H
	010604032
	Compressor discharge high pressure switch
	On Sullair skid panel
	
	

	PSL3305H
	010604032
	Sullair compressor suction side low pressure switch
	On Sullair skid panel
	
	

	PSL3307H
	010604032
	Sullair compressor oil low pressure switch
	On Sullair skid panel
	
	

	PT3319H
	010604032
	Sullair Compressor Discharge pressure
	On Sullair skid panel
	
	

	TI3307E
	010604032
	Sullair Compressor oil manifold temperature indicator
	On Sullair skid
	
	

	TI3308H
	010604032
	Sullair Compressor outlet aftercooled helium temperature indicator
	On Sullair skid
	
	

	TSH3304E
	010604032
	Sullair compressor high oil temperature switch
	On Sullair skid panel
	
	

	TSH3305E
	010604032
	Oil separator heater high temperature switch
	On Sullair skid 
	
	

	TSH3306H
	010604032
	Sullair compressor Discharge high temperature switch
	On Sullair skid panel
	
	

	TT3322H
	010604032
	Sullair Compressor discharge temperature
	On Sullair skid
	
	

	TT3323H
	010604032
	Sullair Compressor aftercooler temperature
	On Sullair skid
	
	




B.4	1000 Gallon Liquid Helium Dewar Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3490M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom feed coming Lhe from 1660 JT valve
	Top of dewar, bayonet line
	
	

	H3491M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  2-phase feed coming Wet expander into dewar
	Top of dewar, bayonet line
	
	

	H3492M
	010604034
	Manual Isolation valve, on Dewar 3/4" T line,  vapor return to 1660 low pressure return 
	Top of dewar, bayonet line
	
	

	H3493M
	010604034
	Manual Isolation valve, on Dewar 1/2" T line,  bottom liquid draw  Lhe from dewar
	Top of dewar, bayonet line
	
	

	H3494R
	010604034
	Relief valve, 1000 Gal dewar, 40 psig
	Top of dewar
	
	

	H3496M
	010604034
	Manual Isolation valve, Hi side, Liquid level head DP sensor LI 3314H
	Top of dewar
	
	

	H3497M
	010604034
	Manual Isolation valve, exit vent for vapor cooled shield / neck intercept bleedflow
	Top of dewar
	
	

	H3498M
	010604034
	Manual Isolation valve,Lo side, Liquid level head DP sensor LI 3314H
	Top of dewar
	
	

	H4911M
	010604034
	Pump and purge / shut down check, top side, isolation valve, vapor space
	Top of dewar
	
	

	H3499M
	010604034
	Manual Isolation valve vapor side return during cooldown of dewar back to compressor suction
	Top of dewar
	
	

	V3304M
	010604034
	Bleed up valve for insulating vacuum space liquid helium dewar
	Top of dewar
	
	

	V3306M
	010604034
	isolation valve for vacuum gage
	Top of dewar
	
	

	V3307R
	010604034
	Relief device, 2 inch, insulating vacuum space
	Top of dewar
	
	

	BD2526H
	010604034
	1000 GAL LHE DEWAR (H3495R)
	Top of dewar
	
	

	FIC3304H
	010604034
	Rotometer Flow indicator of vapor cooled shield flow with manual metering valve
	Front panel dewar
	
	

	EHTR-1
	010604034
	Boil-off heater in dewar
	Front panel dewar
	
	

	LI3313H
	010604034
	Liquid level sensor for Lhe dewar, Superconducting probe
	Top of dewar
	
	

	LI3314H
	010604034
	Liquid level sensor for Lhe Dewar, local DP level gage
	Front panel dewar
	
	

	LT3313H
	010604034
	Liquid Helium Storage Dewar level Probe
	Top of dewar
	
	

	PI3314H
	010604034
	Pressure indicator, local dial gage, liquid helium storage  dewar pressure
	Front panel dewar
	
	

	PT3313H
	010604034
	30 psia pressure sensor, Liquid helium dewar
	Front panel dewar
	
	

	PT3315V
	010604034
	Vacuum gage, thermocouple DV-5?
	Front panel dewar
	
	





B.5	Oil Removal System Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3306M
	010604035
	isolation valve between 4th stage coalescers and carbon adsorber bed inlet
	On oil removal piping
	MANUAL
	

	H3314M
	010604035
	manual Isolation valve dp indicator  DPI 3300
	On oil removal piping
	
	

	H3315M
	010604035
	Manual Isolation valve dp indicator  DPI 3300
	On oil removal piping
	
	

	H3319M
	010604035
	Manual Isolation valve oil level sight glass indicator LI 3300, top
	On oil removal piping
	
	

	H3357M
	010604035
	Isolation valve dp indicator  DPI 3301
	On oil removal piping
	
	

	H3358M
	010604035
	Isolation valve dp indicator  DPI 3301
	On oil removal piping
	
	

	H3359M
	010604035
	Isolation valve oil level sight glass indicator LI 3301, top
	On oil removal piping
	
	

	H3394M
	010604035
	Bypass valve, Oil Float drainer, stage 2-A,  BX
	On oil removal piping
	
	

	H3395M
	010604035
	Isolation valve oil level sight glass indicator LI 3300, bottom
	On oil removal piping
	
	

	H3396M
	010604035
	Bypass valve, Oil Float drainer, stage 1-A,  DX
	On oil removal piping
	
	

	H3397M
	010604035
	Isolation valve oil level sight glass indicator LI 3301, bottom
	On oil removal piping
	
	

	H3398M
	010604035
	Isolation valve oil level sight glass indicator LI 3302, top
	On oil removal piping
	
	

	H3399M
	010604035
	Isolation valve dp indicator  DPI 3302, HI side
	On oil removal piping
	
	

	H3444M
	010604035
	Isolation valve dp indicator  DPI 3302, Lo side
	On oil removal piping
	
	

	H3445M
	010604035
	Isolation valve oil level sight glass indicator LI 3302, bottom
	On oil removal piping
	
	

	H3446M
	010604035
	Bypass valve, Oil Float drainer, stage 1-B,  DX
	On oil removal piping
	
	

	H3447M
	010604035
	Isolation valve oil level sight glass indicator LI 3303, top
	On oil removal piping
	
	

	H3448M
	010604035
	Isolation valve dp indicator  DPI 3303
	On oil removal piping
	
	

	H3449M
	010604035
	Isolation valve dp indicator  DPI 3303
	On oil removal piping
	
	

	H3450M
	010604035
	Isolation valve oil level sight glass indicator LI 3303, bottom
	On oil removal piping
	
	

	H3451M
	010604035
	Bypass valve, Oil Float drainer, stage 2-B, BX
	On oil removal piping
	
	

	H3452M
	010604035
	Isolation valve oil level sight glass indicator LI 3304, top
	On oil removal piping
	
	

	H3453M
	010604035
	Isolation valve oil level sight glass indicator LI 3304, bottom
	On oil removal piping
	
	

	H3457M
	010604035
	Drain Return valve,  stage 3-A, BX
	On oil removal piping
	
	

	H3460M
	010604035
	Isolation valve oil level sight glass indicator LI 3305, top
	On oil removal piping
	
	

	H3461M
	010604035
	Isolation valve oil level sight glass indicator LI 3305, bottom
	On oil removal piping
	
	

	H3463M
	010604035
	Drain Return valve,  stage 4-A, BX
	On oil removal piping
	
	

	H3465M
	010604035
	Isolation valve oil level sight glass indicator LI 3306, top
	On oil removal piping
	
	

	H3466M
	010604035
	Isolation valve oil level sight glass indicator LI 3306, bottom
	On oil removal piping
	
	

	H3469M
	010604035
	Drain Return valve,  stage 3-B, BX
	On oil removal coalesce piping
	
	

	H3471M
	010604035
	Isolation valve oil level sight glass indicator LI 3307, top
	On oil removal piping
	
	

	H3472M
	010604035
	Isolation valve oil level sight glass indicator LI 3307, bottom
	On oil removal piping
	
	

	H3475M
	010604035
	Drain Return valve,  stage 4-B, BX
	On oil removal piping
	
	

	H3476M
	010604035
	Purge Valve, Inlet side Oil removal charcoal bed
	On charcoal absorber bed
	
	

	H3477M
	010604035
	Regen gas supply isolation valve
	On charcoal absorber bed
	
	

	H3478M
	010604035
	Isolation valve, Bed Particulate Guard filter outlet side
	On particulate filter
	
	

	H3479M
	010604035
	Gas Sample needle valve, Bed Particulate Guard filter outlet side
	On particulate filter
	
	

	H3480M
	010604035
	Purge valve, Bed Particulate Guard filter outlet side
	On particulate filter
	
	

	H3481M
	010604035
	Bleed Valve, Inlet side Oil removal charcoal bed
	On charcoal absorber bed
	
	

	DPI3300
	010604035
	Differential pressure sensor to measure pressure drop across coalescing filter CLS-002A
	On oil removal coalesce piping
	
	

	DPI3301
	010604035
	Differential pressure sensor to measure pressure drop across coalescing filter CLS-001A
	On oil removal coalesce piping
	
	

	DPI3302
	010604035
	Differential pressure sensor to measure pressure drop across coalescing filter CLS-001B
	On oil removal coalesce piping
	
	

	DPI3303
	010604035
	Differential pressure sensor to measure pressure drop across coalescing filter CLS-002B
	On oil removal coalesce piping
	
	

	LI3300
	010604035
	Visual oil level sight glass indicator, coalescer CLS-002A
	On oil removal coalesce piping
	
	

	LI3301
	010604035
	Visual oil level sight glass indicator, coalescer CLS-001A
	On oil removal coalesce piping
	
	

	LI3302
	010604035
	Visual oil level sight glass indicator, coalescer CLS-001B
	On oil removal coalesce piping
	
	

	LI3303
	010604035
	Visual oil level sight glass indicator, coalescer CLS-002B
	On oil removal coalesce piping
	
	

	LI3304
	010604035
	Visual oil level sight glass indicator, coalescer CLS-003A
	On oil removal coalesce piping
	
	

	LI3305
	010604035
	Visual oil level sight glass indicator, coalescer CLS-004A
	On oil removal coalesce piping
	
	

	LI3306
	010604035
	Visual oil level sight glass indicator, coalescer CLS-003B
	On oil removal coalesce piping
	
	

	LI3307
	010604035
	Visual oil level sight glass indicator, coalescer CLS-004B
	On oil removal coalesce piping
	
	




B.6	Gas Storage Tank Valve & Instrument List

	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3482R
	010604039
	Relief valve, Helium gas storage tank 45,000 gallon
	Below gas tank
	
	

	H3483M
	010604039
	Isolation valve for PT3306H
	Below gas tank
	
	

	H3484M
	010604039
	Isolation valve to gas storage tank
	Below gas tank
	
	

	H3485M
	010604039
	PUMPOUT AND DUMP VALVE
	Below gas tank
	
	

	PG3300H
	010604039
	Warm Gas storage tank Pressure
	Below gas tank
	
	

	PI3305H
	010604039
	Pressure Indicator for Helium gas buffer tank
	Below gas tank
	
	

	PT3306H
	010604039
	Pressure for Helium gas buffer tank
	Inside compressor /pump room
	
	





B.7	SRF GUN CRYOSTAT Large rectangular blue cryostat Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3346M
	010604041
	Manual isolation valve for burst disk, tack welded open. vacuum beam tube cathode side. 
	Beam line
	
	

	H3347M
	010604041
	Manual isolation valve for burst disk, tack welded open. vacuum beam tube beam exit side.
	Beam line
	
	

	H3535A
	010604041
	Equalization valve between liquid line and vapor return line
	Top of cryostat
	F.C.
	

	H1404A
	010604041
	Bottom fill valve
	Top of cryostat
	F.C.
	

	H1405A
	010604041
	Top fill valve
	Top of cryostat
	F.C.
	

	H1401R
	010604041
	Relief valve, 5 psig
	Top of cryostat on piping
	
	

	H1406C
	010604041
	Check valve, 0.5 psig
	Top of cryostat on piping
	
	

	H1407M
	010604041
	Instrument valve for PT1402H
	Top of cryostat on piping
	
	

	H1408M
	010604041
	Instrument valve for PT1400H
	Top of cryostat on piping
	
	

	H1409M
	010604041
	Purge valve
	Top of cryostat on piping
	
	

	BD2521V
	010604041
	Burst disk 6" srf gun vacuum vessel (V404R)
	Side of cryostat
	
	

	BD2522H
	010604041
	Burst disk 3” srf gun helium volume (H1400R)
	Top of cryostat on piping
	
	

	BD0102
	010604041
	Beam tube UHV side burst disk
	Beam line, cathode side
	
	

	BD0103
	010604041
	Beam tube UHV side burst disk, beam exit side
	Beam line, beam exit side
	
	

	
	
	
	
	
	

	HTR-400
	010604041
	Boil-off heater in SRF Gun Cavity helium vessel
	Bottom of cavity helium vessel
	
	

	HTR-411
	010604041
	5K intercept Circuit Return cold gas heater, Gun cryostat, CATHODE SIDE "Upstream" FLANGE INTERCEPT FLOW
	On ½” return line, top of cryostat
	
	

	HTR-412
	010604041
	5K intercept Circuit Return cold gas heater, Gun cryostat, FPC SIDE "Downstream" FLANGE
	On ½” return line, top of cryostat
	
	

	HTR-413
	010604041
	5K intercept Circuit Return cold gas heater, Gun cryostat, SOLENOID INTERCEPT
	On ½” return line, top of cryostat
	
	

	HTR-414
	010604041
	5K intercept Circuit Return cold gas heater, Gun cryostat, FPC#2 INTERCEPT
	On ½” return line, top of cryostat
	
	

	HTR-415
	010604041
	5K intercept Circuit Return cold gas heater, Gun cryostat, FPC#1 INTERCEPT
	On ½” return line, top of cryostat
	
	

	HTR-408
	010604041
	FPC window heater #1,  SRF Gun CAVITY
	On FPC window 
	
	

	HTR-409
	010604041
	FPC window heater #2,  SRF Gun CAVITY
	On FPC window
	
	

	LE400H A/B
	010604041
	Liquid helium level , SRF Gun reservoir 
	Inside helium reservoir
	
	

	TT3327
	010604041
	5K circuit heater outlet temperature control, SRF GUN, Cathode Side "upstream" Flange
	On ½” return line, top of cryostat
	
	

	TT3328
	010604041
	5K circuit heater outlet temperature control, SRF GUN, FPC side "Downstream" Flange
	On ½” return line, top of cryostat
	
	

	TT3329
	010604041
	5K circuit heater outlet temperature control, SRF GUN, Solenoid
	On ½” return line, top of cryostat
	
	

	TT3330
	010604041
	5K circuit heater outlet temperature control, SRF GUN, FPC#2
	On ½” return line, top of cryostat
	
	

	TT3331
	010604041
	5K circuit heater outlet temperature control, SRF GUN, FPC#1
	On ½” return line, top of cryostat
	
	

	TT3332
	010604041
	5K circuit heater SHEET OVERTEMP  SRF GUN, Cathode Side "upstream" Flange
	On ½” return line, top of cryostat
	
	

	TT3333
	010604041
	5K circuit heater SHEET OVERTEMP  SRF GUN, FPC side "Downstream" Flange
	On ½” return line, top of cryostat
	
	

	TT3334
	010604041
	5K circuit heater SHEET OVERTEMP  SRF GUN, Solenoid
	On ½” return line, top of cryostat
	
	

	TT3335
	010604041
	5K circuit heater SHEET OVERTEMP  SRF GUN, FPC#2
	On ½” return line, top of cryostat
	
	

	TT3336
	010604041
	5K circuit heater SHEET OVERTEMP  SRF GUN, FPC#1
	On ½” return line, top of cryostat
	
	

	PT1400H
	010604041
	Pressure transmitter 50 Torr Range, SRF Gun helium bath pressure
	Top of cryostat
	
	

	PT1401H
	010604041
	Pressure transmitter 30 psia Range, SRF Gun helium bath pressure
	Top of cryostat
	
	

	PT1402H
	010604041
	Pressure transmitter 30 psia Range for secondary helium vessel relief
	Top of cryostat on piping
	
	

	TE400H
	010604041
	Temperature sensor End flange tuner side
	Inside cryostat
	
	

	TE401H
	010604041
	Temperature sensor Top side Liquid reservoir
	Inside cryostat
	
	

	TE402H
	010604041
	Temperature sensor Bot side Liquid reservoir
	Inside cryostat
	
	

	TE403N
	010604041
	Temperature sensor, Nitrogen shield, reservoir section
	Inside cryostat
	
	

	TE404N
	010604041
	Temperature sensor, Nitrogen shield, lower section cavity
	Inside cryostat
	
	

	TE405H
	010604041
	Temperature sensor on HTS solenoid heat station lead#2
	Inside cryostat
	
	

	TE406H
	010604041
	Temperature sensor on HTS solenoid heat station lead#1
	Inside cryostat
	
	

	TE407H
	010604041
	Temperature sensor tuner top
	Inside cryostat
	
	

	TE408H
	010604041
	Temperature sensor tuner bot
	Inside cryostat
	
	

	TE409H
	010604041
	Upper Cavity Temperature  sensor
	Inside cryostat
	
	

	TE410H
	010604041
	Lower Cavity Temperature  sensor
	Inside cryostat
	
	

	TE411H
	010604041
	FPC flange 2 temperature
	Inside cryostat
	
	

	TE412H
	010604041
	FPC flange 1 temperature
	Inside cryostat
	
	

	TE413H
	010604041
	Beam tube flange temperature
	Inside cryostat
	
	

	TE414H
	010604041
	FPC outer conductor temperature
	Inside cryostat
	
	

	TE415H
	010604041
	FPC outer conductor temperature
	Inside cryostat
	
	

	TS1401H
	010604041
	Relief heater temperature switch
	
	
	

	TE426H
	010604041
	FPC window Temperature for heater
	Inside cryostat
	
	

	TE427H
	010604041
	FPC window Temperature for heater
	Inside cryostat
	
	

	TE430H
	010604041
	HTS solenoid coil, lower right
	Inside cryostat
	
	

	TE431H
	010604041
	HTS solenoid coil, lower left
	Inside cryostat
	
	

	TE432H
	010604041
	HTS solenoid coil, upper right
	Inside cryostat
	
	

	TE433H
	010604041
	HTS solenoid coil, upper left
	Inside cryostat
	
	





B.8	SCRF 5-CELL CRYOSTAT Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3350M
	010604046
	Isolation valve for burst disk BD0100
	
	
	

	H3352M
	010604046
	Isolation valve for burst disk BD0101
	
	
	

	BD0101
	010604046
	Helium vessel relief for 5-cell
	On piping to relief header near cryostat
	
	

	V409R
	010604046
	Vacuum vessel relief for 5-cell
	On cryostat
	
	

	TSH403
	010604046
	Ferrite Damper cooling water return switch
	On ferrite cooling water line
	
	

	TSH404
	010604046
	Ferrite Damper cooling water return switch
	On ferrite cooling water line
	
	

	TSH405
	010604046
	Ferrite Damper cooling water return switch
	On ferrite cooling water line
	
	

	TSH406
	010604046
	Power coupler cooling water return switch
	On ferrite cooling water line
	
	

	TT2039H
	010604046
	Inlet temperature for helium cooled flanges
	Inside cryostat
	
	

	TE2027H
	010604046
	FPC wave guide temperature
	Inside cryostat
	
	

	TI2027H
	010604046
	FPC wave guide temperature indicator
	Inside cryostat
	
	

	TT1125H
	010604046
	FPC window Temperature for heater
	Inside cryostat
	
	

	TT1124H
	010604046
	FPC window Temperature for heater
	Inside cryostat
	
	

	TT1129H
	010604046
	FPC beam tube flange temperature
	Inside cryostat
	
	

	TT2028H
	010604046
	Beam flange temperature
	Inside cryostat
	
	

	TT2023H
	010604046
	Liquid Helium Ballast tank temperature
	Inside ballast tank cryostat
	
	

	TT2024H
	010604046
	Liquid Helium Ballast tank temperature
	Inside ballast tank cryostat
	
	

	LT0124H
	010604046
	Liquid Helium Ballast tank Level probe
	Inside ballast tank cryostat
	
	

	LT0125H
	010604046
	Liquid Helium tank Level probe
	Inside cryostat
	
	

	LT0126H
	010604046
	Liquid Helium Ballast tank Level probe
	Inside ballast tank cryostat
	
	

	LT0127H
	010604046
	Liquid Helium tank Level probe
	Inside cryostat
	
	

	TT1123H
	010604046
	Beam flange temperature
	Inside cryostat
	
	

	TT2025H
	010604046
	Liquid Helium tank upper temperature 
	Inside cryostat
	
	

	TT2026H
	010604046
	Liquid Helium tank lower temperature 
	Inside cryostat
	
	

	TT2034H
	010604046
	Cavity Tuner temperature
	Inside cryostat
	
	

	TT2035H
	010604046
	Cavity Tuner temperature - 2 inner frame
	Inside cryostat
	
	

	TT2036H
	010604046
	Cavity Tuner temperature - 3 Piezo
	Inside cryostat
	
	

	TT2037H
	010604046
	Cavity Tuner cooling line outlet temperature
	Inside cryostat
	
	

	H10940R
	010604046
	Secondary helium relief
	On piping to relief header near cryostat
	
	

	BD2519H
	010604046
	Primary helium relief
	On piping to relief header near cryostat
	
	

	TSH400
	010604046
	Ferrite Damper cooling water return switch
	On ferrite cooling water line
	
	

	TSH401
	010604046
	Ferrite Damper cooling water return switch
	On ferrite cooling water line
	
	

	TSH402
	010604046
	Ferrite Damper cooling water return switch
	On ferrite cooling water line
	
	

	HTR-407
	010604046
	Boil-off heater in 5-cell cavity helium vessel
	Inside cryostat
	
	

	HTR-416
	010604046
	5K intercept Circuit Return cold gas heater, 5-cell cryostat, End flange tuner side
	On ½” return line, top of cryostat
	
	

	HTR-417
	010604046
	5K intercept Circuit Return cold gas heater, 5-cell cryostat, End flange FPC side
	On ½” return line, top of cryostat
	
	

	HTR-418
	010604046
	5K intercept Circuit Return cold gas heater, 5-cell cryostat, TUNER
	On ½” return line, top of cryostat
	
	

	HTR-419
	010604046
	5K intercept Circuit Return cold gas heater, 5-cell cryostat, FPC
	On ½” return line, top of cryostat
	
	

	HTR-424
	010604046
	FPC window heater #1, 5-CELLCAVITY
	On FPC window, below cryostat
	
	

	HTR-425
	010604046
	FPC window heater #2, 5-CELLCAVITY
	On FPC window
below cryostat
	
	

	TT3337
	010604046
	5K circuit heater outlet temperature control, 5 CELL CAVITY, End flange tuner side
	On ½” return line, top of cryostat
	
	

	TT3338
	010604046
	5K circuit heater outlet temperature control, 5 CELL CAVITY, End flange FPC side
	On ½” return line, top of cryostat
	
	

	TT3339
	010604046
	5K circuit heater outlet temperature control, 5 CELL CAVITY, TUNER
	On ½” return line, top of cryostat
	
	

	TT3340
	010604046
	5K circuit heater outlet temperature control, 5 CELL CAVITY, FPC
	On ½” return line, top of cryostat
	
	

	TT3341
	010604046
	5K circuit heater SHEET OVERTEMP  5 CELL, End flange tuner side
	On ½” return line, top of cryostat
	
	

	TT3342
	010604046
	5K circuit heater SHEET OVERTEMP  5 CELL,  End flange FPC side
	On ½” return line, top of cryostat
	
	

	TT3343
	010604046
	5K circuit heater SHEET OVERTEMP  5 CELL, TUNER
	On ½” return line, top of cryostat
	
	

	TT3344
	010604046
	5K circuit heater SHEET OVERTEMP  5 CELL, FPC
	On ½” return line, top of cryostat
	
	




B.9	1660 PLANT Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H9809M
	010604048
	1660 Coldbox High pressure inlet Manual isolation valve. H9809M (V391M)
	Left rear corner of 1660 skid
	
	

	H9807M
	010604048
	Manual isolation valve(V339) for low side tap(to atmosphere) on compressor return line
	
	
	

	H9808M
	010604048
	Manual isolation valve(V347) for PI746H on compressor return line
	
	
	

	H9810M
	010604048
	Snubber valve (V349) for PI747H (PI33)
	
	
	

	H9811M
	010604048
	Manual needle valve (V396) for supplying warm helium purge upstream of JT5 valve (JT 307)
	Rear panel
	
	

	H9812M
	010604048
	Snubber valve (V368) for PT601H
	Left rear corner of 1660 skid
	
	

	H9813M
	010604048
	Bleed Valve from high pressure line precooler supply to atmosphere (V397)
	Left rear corner of 1660 skid
	
	

	H9817M
	010604048
	Manual isolation valve, to evacuation line from low pressure compressor return line
	
	
	

	H9818M
	010604048
	Manual purge or external source connection valve(V44) for evacuation header section isolated by valve H9819M
	Side Panel
	
	

	H9819M
	010604048
	Manual isolation valve(V43) of evacuation line from vacuum pump
	Side Panel
	
	

	H9820M
	010604048
	Manual purge valve (V309) on HP helium line after boiler (E83) HX2606
	Rear panel
	
	

	H9821M
	010604048
	Manual purge valve (V312) on HP helium line UPSTREAM of boiler
	Rear panel
	
	

	H9822M
	010604048
	Snubber valve (V38) for PI748H (PI36)
	
	
	

	H9824M
	010604048
	Regen vacuum pumpout cross over valve(V36) for charcoal bed A
	Side Panel
	
	

	H9825M
	010604048
	Regen vacuum pumpout cross over valve (V35) for charcoal bed B
	Side Panel
	
	

	H9826M
	010604048
	Snubber valve (V37) for PI749H (PI31)
	
	
	

	H9827M
	010604048
	Snubber  valve (V322) PI750H (PI37A) Pressure readout Inlet side to expander   EX8A (E37A)
	
	
	

	H9828M
	010604048
	Manual isolation valve (V61) evacuation line for Inlet side to expander   EX8A (E37A)
	Side Panel
	
	

	H9829M
	010604048
	Manual isolation valve (V63) evacuation line for Inlet side to expander   EX8B (E37B)
	Side Panel
	
	

	H9830M
	010604048
	Manual isolation valve (V15) engine purge line to  Inlet side to expander   EX8A (E37A)
	
	
	

	H9831M
	010604048
	Manual isolation valve (V25) engine purge line to  Inlet side to expander   EX8B (E37B)
	Side Panel
	
	




	H9832M
	010604048
	Snubber valve (V320) PI751H (PI37B) Pressure readout Inlet side to expander   EX8B (E37B)
	
	
	

	H9833M
	010604048
	Manual isolation valve (V26) engine purge line from outletside of expander   EX8B (E37B)
	Side Panel
	
	

	H9834M
	010604048
	Manual isolation valve (V16) engine purge line out from outletside of expander   EX8A (E37A)
	Side Panel
	
	

	H9835M
	010604048
	Snubber  valve (V324) PI752H (PI39A) Pressure readout Inlet side to expander   EX9A (E37B)
	
	
	

	H9836M
	010604048
	Manual isolation valve (V62) evacuation line for Inlet side to expander   EX9A (E39A)
	Side Panel
	
	

	H9837M
	010604048
	Manual isolation valve (V64) evacuation line for Inlet side to expander   EX9B (E39B)
	Side Panel
	
	

	H9838M
	010604048
	Manual isolation valve (V17) engine purge line to  Inlet side to expander   EX9A (E39A)
	Side Panel
	
	

	H9839M
	010604048
	Manual isolation valve (V27) engine purge line to  Inlet side to expander   EX9B (E39B)
	Side Panel
	
	

	H9840M
	010604048
	Snubber  valve (V324) PI753H (PI39B) Pressure readout Inlet side to expander   EX9A(E37A)
	
	
	

	H9841M
	010604048
	Manual isolation valve (V28) engine purge line out from outlet side of expander   EX9B (E37B)
	Side Panel
	
	

	H9842M
	010604048
	Manual isolation valve (V18) engine purge line out from outlet side of expander   EX9A (E37A)
	Side Panel
	
	

	H9843M
	010604048
	Snubber  valve (V366) for PI754H (PI34) Pressure readout UPSTREAM of JT5 (JT307)
	
	
	

	H9845A
	010604048
	Solenoid operated dump valve of high pressure supply precooler line to atmosphere (V330)
	Left rear corner of 1660 skid
	F.C.
	

	H9849M
	010604048
	Upstream manual isolation valve (V31) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	
	

	H9852M
	010604048
	Downstream manual isolation valve (V32) of charcoal bed F2001H (E36-A)
	Front Right Top Plate
	
	

	H9850M
	010604048
	Upstream manual isolation valve (V33) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	
	

	H9851M
	010604048
	Downstream manual isolation valve (V34) of charcoal bed F2002H (E36-B)
	Front Right Top Plate
	
	

	H9844M
	010604048
	Manual purge valve (V358)Between HX2501 (E31) and hHX2502 (E32)
	Rear Panel
	
	

	H9847M
	010604048
	Manual purge valve (V357) Between exchanger HX-2503 (E33) and hx-2504 (E34)
	Rear Panel
	
	

	H9848M
	010604048
	Manual purge valve (V388)on return line into HX2504 (E34B)
	
	
	

	H9853M
	010604048
	Manual isolation valve (V315) inlet to expander   EX8A (E37A)
	Left Rear Top Plate
	
	

	H9854M
	010604048
	Manual isolation valve (V325) inlet to expander   EX8B (E37B)
	Right Front Top Plate
	
	

	H9856M
	010604048
	Manual isolation valve (V316) outlet to expander   EX8A (E37A)
	Left Rear Top Plate
	
	

	H9855M
	010604048
	Manual isolation valve (V326) outlet to expander   EX8B (E37B)
	Right Front Top Plate
	
	

	H9857M
	010604048
	Manual isolation valve (V317) inlet to expander   EX9A (E39A)
	Left Front Top Plate
	
	

	H9858M
	010604048
	Manual isolation valve (V337) inlet to expander   EX9B (E39B)
	Right Rear Top Plate
	
	

	H9859M
	010604048
	Manual isolation valve (V328) outlet to expander   EX9B (E39B)
	Right Rear Top Plate
	
	

	H9860M
	010604048
	Manual isolation valve (V318) outlet to expander   EX9A (E39A)
	Left Front Top Plate
	
	

	H9861M
	010604048
	Manual purge valve (V373)on return line Bayonet BC-2
	Rear Panel
	
	

	H9863M
	010604048
	Manual purge valve (V377)on return line Bayonet BC-3
	Rear Panel
	
	

	H9874M
	010604048
	Manual purge valve on compressor suction return line, 1660 outlet, downstream of check valve H9893C
	
	
	

	H9893C
	010604048
	Check valve on compressor suction return line, 1660 outlet
	Above 1600 plant on return line
	
	

	H9903A
	010604048
	1660 Coldbox High pressure inlet solenoid actuated  isolation valve N.C. H9903A (V323A)
	Left rear corner of 1660 skid
	F.C.
	

	H9904A
	010604048
	Two-way flow split control valve (V806) betwenn HX-E30 and precooler
	Left rear corner of 1660 skid
	Two way
	

	H9905A
	010604048
	Actuated cooldown return valve(V387) from cooldown return header to between HX2500 (E30) and HX-2501 (E31)
	Top plate front
	F.O.
	

	H9906A
	010604048
	Actuated Cooldown supply crossover valve (V385) from HP after charcoal beds (60K)into cooldown line supply line
	
	F.O. (Should change to F.C.)
	

	H9907A
	010604048
	Actuated cooldown return valve(V389) from cooldown return header to between HX2502 (E32) and HX-2503 (E33)
	Top plate front
	F.C.
	

	H9908A
	010604048
	cOoldown Crossover valve (V382) to BC-6 connection from expanders 9A/B
	Top plate front, right
	F.C.
	

	H9909A
	010604048
	Actuated Cross -over valve (V343)from HP JT loop to BC-5 /H9911A
	Top plate front, left
	F.C.
	

	H1410A-JT5
	010604048
	JT valve (JT307) to dewar line
	Top plate front, center
	
	

	H9911A
	010604048
	Actuated Isolation valve (V342) for BC-5 connection
	Top plate rear, right
	F.C.
	




	H9912A
	010604048
	Actuated isolation valve (V367) between  JT supply and bayonet BC-1
	Top plate rear
	F.O.
	

	H9913A
	010604048
	Actuated isolation valve (V318) on discharge side of expanders 9A/B
	Top plate front, right
	N.O.
	

	H9914A
	010604048
	Actuated isolation valve (V356) between  Return bayonet line BC-2 and Exchanger HX2504 (E34)
	Top plate rear,
	F.O.
	

	H9915A
	010604048
	Actuated isolation valve (V355) between  Return bayonet line BC-4 and Exchanger HX2504A (E34A)
	Top plate rear,
	F.O.
	

	H9916A
	010604048
	Actuated isolation valve (V354) between  Return bayonet line BC-3 and Exchanger HX2504B (E34B) cold end of plant
	Top plate rear,
	F.O.
	

	H9917A
	010604048
	Actuated Cross-over valve (V350) between  Return bayonet line BC-2 and Cooldown return bypass line low side
	Top plate front
	F.C.
	

	H9918A
	010604048
	Actuated Cross-over valve (V351) between  Return bayonet line BC-4 and Cooldown return bypass line low side
	Top plate front
	F.C.
	

	H9919A
	010604048
	Actuated Cross-over valve (V352) between  Return bayonet line BC-3 and Cooldown return bypass line low side
	Top plate front
	F.C.
	

	H9953R
	010604048
	Relief valve (V333), 10 psi, compressor return line, upstream of check valve H9893C
	Left rear, piped up high
	
	

	H9955R
	010604048
	Relief valve (V359) trapped volume cooldown return
	Behind right rear panel
	
	

	H9956R
	010604048
	Relief Valve of high pressure line precooler supply (V321), 300 psig
	Behind right rear panel
	
	

	H9958R
	010604048
	relief valve (V41) 300 psi charcoal bed A
	Behind right rear panel
	
	

	H9959R
	010604048
	relief valve (V40) 300 psi charcoal bed B
	Behind right rear panel
	
	

	H9960R
	010604048
	Relief valve (V360) trapped volume on Inlet side to expander   EX8A (E37A)
	Behind right rear panel
	
	

	H9961R
	010604048
	Relief valve (V303) trapped volume on Inlet side to expander   EX8B (E37B)
	Behind right rear panel
	
	

	H9962R
	010604048
	Relief valve (V304) trapped volume on Outlet side of expander   EX8B (E37B)
	Behind right rear panel
	
	

	H9963R
	010604048
	Relief valve (V361) trapped volume on Outlet side of expander   EX8A (E37A)
	Behind right rear panel
	
	

	H9964R
	010604048
	Relief valve (V362) trapped volume on Inlet side to expander   EX9A (E39A)
	Behind right rear panel
	
	

	H9965R
	010604048
	Relief valve (V305) trapped volume on Inlet side to expander   EX9B (E39B)
	Behind right rear panel
	
	

	H9966R
	010604048
	Relief valve (V306) trapped volume on Inlet side to expander   EX9B (E39B)
	Behind right rear panel
	
	

	H9967R
	010604048
	Relief valve (V363) trapped volume on outlet side to expander   EX9A (E39A)
	Behind right rear panel
	
	

	H9968R
	010604048
	Relief valve (V384) trapped volume (line after expander 9A/B exit valves) between Valves H9913A and H9860M,H9859M
	Behind right rear panel
	
	

	H9969R
	010604048
	Relief valve (V390) trapped volume between Valves H9811M, filter F2012H(F41) AND JT5 (JT307)
	Behind right rear panel
	
	

	H9970R
	010604048
	Relief valve (V338) trapped volume COOLDOWN SUPPLY LINE between Valves H9911A,H9909A,H9908A,H9906A
	Behind right rear panel
	
	

	H9971R
	010604048
	Relief valve (V340) trapped volume between Valves H9911A and Bayonet BC-5
	Behind right rear panel
	
	

	H9972R
	010604048
	Relief valve (V369) trapped volume between Valves JT5 (JT307) AND H9912A (V367)
	Behind right rear panel
	
	

	H9973R
	010604048
	Relief valve (V344) trapped volume between Valves  H9912A (V367) and bayonet BC-1
	Behind right rear panel
	
	

	H9974R
	010604048
	Relief valve (V365) trapped volume between Valves  H9914A (V356), H9917A(V350) and bayonet BC-2
	Behind right rear panel
	
	

	H9975R
	010604048
	Relief valve Trapped volume between Valves  H9915A (V355), H9918A(V351) and bayonet BC-4
	Behind right rear panel
	
	

	H9976R
	010604048
	Relief valve Trapped volume between Valves  H9916A (V354), H9919A(V352) and bayonet BC-3
	Behind right rear panel
	
	

	H9988M
	010604048
	Manual isolation valve for PT605H on return line bayonet BC-2
	Rear top plate
	
	

	H9989M
	010604048
	Manual isolation valve for PT606H on return line bayonet BC-4
	Rear top plate
	
	

	ST100
	010604048
	Speed sensor Expander set A, 1660 plant
	
	
	

	ST200
	010604048
	Speed sensor Expander set B, 1660 plant
	
	
	

	SC101
	010604048
	Speed controller/brake for expander set A, 1660 plant
	
	
	

	ST201
	010604048
	Speed controller/brake for expander set B, 1660 plant
	
	
	

	N6000M
	010604048
	Manual isolation valve, LO side of DPT6090N
	
	
	

	N6001M
	010604048
	Manual isolation valve, HI side of DPT6090N
	
	
	

	N6002M
	010604048
	Manual equalization valve, on DPT6090N
	
	
	

	N6050R
	010604048
	Relief valve, Nitrogen boiler HX2605 (E81)
	
	
	

	N6070C
	010604048
	Check valve N2 vent from precooler
	
	
	

	N6100A
	010604048
	Actuated Control valve, LN2 fill into boiler
	
	F.C.
	

	V5208A
	010604048
	Actuated vacuum valve to rotary vacuum pump
	
	F.C.
	

	V5212M
	010604048
	Manual vacuum isolation valve between cold box and pumpout/ VT100
	
	
	

	V5210M
	010604048
	manual bleed up valve for insulating vacuum volume 1660 plant
	
	
	

	V5211R
	010604048
	Relief valve, 2 inch pop out spring cap, vacuum volume relief
	
	
	

	BD2524V
	010604048
	1660S vacuum vessel
	
	
	

	DPT
6090N
	010604048
	Differential pressure sensor to measure liquid level head of LN2 boiler in 1660 plant
	
	
	

	F2000H
	010604048
	Inlet particulate filter high pressure helium supply side into 1660 plant to first exchanger HX-2500 (E30)
	
	
	

	F2001H
	010604048
	65K Carbon adsorption bed filter A, F2001H
	
	
	

	F2002H
	010604048
	65 KCarbon adsorption bed filter B, F2002H
	
	
	

	F2003H
	010604048
	25K Carbon adsorption bed filter, F2003H
	
	
	

	F2004H
	010604048
	Inlet buffer tank to expander 8A
	
	
	

	F2005H
	010604048
	Inlet buffer tank to expander 8B
	
	
	

	F2006H
	010604048
	Outlet buffer tank for expander 8A
	
	
	

	F2007H
	010604048
	Outlet buffer tank for expander 8B
	
	
	

	F2008H
	010604048
	Inlet buffer tank to expander 9A
	
	
	

	F2009H
	010604048
	Inlet buffer tank to expander 9B
	
	
	

	F2010H
	010604048
	Outlet buffer tank for expander 9A
	
	
	

	F2011H
	010604048
	Outlet buffer tank for expander 9B
	
	
	

	F2012H
	010604048
	Inlet particulate filter high pressure helium supply side upstream to JT-5 valve
	
	
	

	HS3700
	010604048
	Speed Safety switch to close solenoid valve H9903A high pressure supply from compressor on engine overspeed
	
	
	

	HX2500
	010604048
	Heat exchanger He/He 300K-80K, 1660S coldbox
	
	
	

	HX2501
	010604048
	Heat exchanger He/He 80K-60K, 1660S coldbox
	
	
	

	HX2502
	010604048
	Heat exchanger He/He 60K-30K, 1660S coldbox
	
	
	

	HX2503
	010604048
	Heat exchanger He/He 30K-10K, 1660S coldbox
	
	
	

	HX2504
	010604048
	Heat exchanger He/He 10K-5K, 1660S coldbox
	
	
	

	HTR-31
	010604048
	Heater for charcoal bed A: F2501H
	
	
	

	HTR-32
	010604048
	Heater for charcoal bed B: F2502H
	
	
	

	PI746H
	010604048
	Pressure indicator, 1660S Low pressure side, outlet of coldbox back to compressor
	
	
	

	PI747H
	010604048
	Pressure indicator, 1660S HP inlet side, downstream of filter
	Rear right panel
	
	

	PI748H
	010604048
	Pressure indicator, downstream of charcoal bed A
	Rear right panel
	
	

	PI749H
	010604048
	Pressure indicator, downstream of charcoal bed A
	Rear right panel
	
	




	PI750H
	010604048
	Pressure indicator inlet side of expander 8A
	Rear right panel
	
	

	PI751H
	010604048
	Pressure indicator inlet side of expander 8B
	Rear right panel
	
	

	PI752H
	010604048
	Pressure indicator inlet side of expander 9A
	Rear right panel
	
	

	PI753H
	010604048
	Pressure indicator inlet side of expander 9B
	Rear right panel
	
	

	PI754H
	010604048
	Pressure indicator upstream of JT5 valve inlet
	Rear right panel
	
	

	PT601H
	010604048
	Inlet pressure high pressure side room temperature side of heatexchanger 2500 (E30)
	Rear right panel
	
	

	PT604H
	010604048
	Downstream pressure of JT307, Supply pressure at Bayonet BC-1 to dewar
	Top Plate rear
	
	

	PT605H
	010604048
	Return pressure at BC-2/ 1660 plant cold end pressure
	Top Plate rear
	
	

	PT606H
	010604048
	Return pressure at BC-4/ 1660 plant cold end pressure
	Top Plate rear
	
	

	TI5400
	010604048
	Local display tag for TT653H, of TJ1 
	(Scientific Instruments' diode conditioner/display unit on plant's front panel]
	
	

	TI5401
	010604048
	Local display tag for TT656H, of TJ1 
	(Scientific Instruments' diode conditioner/display unit on plant's front panel]
	
	

	TI5402
	010604048
	Local display tag for TT657H, of TJ1 
	(Scientific Instruments' diode conditioner/display unit on plant's front panel]
	
	

	TI5403
	010604048
	Local display tag for TT659H, of TJ1 
	(Scientific Instruments' diode conditioner/display unit on plant's front panel]
	
	

	TI5404
	010604048
	Local display tag for TT660H, of TJ1 
	(Scientific Instruments' diode conditioner/display unit on plant's front panel]
	
	

	TI5405
	010604048
	Local display tag for TT665H, of TJ2 
	(Scientific Instruments' multi diode sensor conditioner/display unit #2 on plant's front panel]
	
	




	TI5406
	010604048
	Local display tag for TT661H, of TJ2 
	(Scientific Instruments' multi diode sensor conditioner/display unit #2 on plant's front panel]
	
	

	TI5407
	010604048
	Local display tag for TT662H, of TJ2 
	(Scientific Instruments' multi diode sensor conditioner/display unit #2 on plant's front panel]
	
	

	TI5408
	010604048
	Local display tag for TT663H, of TJ2 
	(Scientific Instruments' multi diode sensor conditioner/display unit #2 on plant's front panel]
	
	

	TI5409
	010604048
	Local display tag for TT664H, of TJ2 
	(Scientific Instruments' multi diode sensor conditioner/display unit #2 on plant's front panel]
	
	

	ZE100
	010604048
	JT5 Valve position element
	
	
	

	TT307H
	010604048
	Temperature for JT valve positioner
	
	
	

	TT622N
	010604048
	Temperature, GN2 vent
	
	
	

	TT653H
	010604048
	Helium temperature, low pressure side of heatexchanger stack leaving coldbox
	Inside 1660 coldbox
	
	

	TT654H
	010604048
	Temperature, charcoal bed A, heater controller temperature
	Inside 1660 coldbox
	
	

	TT655H
	010604048
	Temperature, charcoal bed B, heater controller temperature
	Inside 1660 coldbox
	
	

	TT656H
	010604048
	Temperature, outlet temperature of expanders 8A/B
	Inside 1660 coldbox
	
	

	TT657H
	010604048
	Temperature, outlet temperature of expanders 8A/B
	Inside 1660 coldbox
	
	

	TT658H
	010604048
	Temperature sensor, inlet temperature high pressure helium upstream of expanders 9A/B
	Inside 1660 coldbox
	
	

	TT659H
	010604048
	Temperature, outlet temperature of expanders 9A/B
	Inside 1660 coldbox
	
	

	TT660H
	010604048
	Temperature, Inlet temperature to JT-5 valve
	Inside 1660 coldbox
	
	

	TT661H
	010604048
	Temperature, helium return temperature   from bayonet BC-3 from Valvebox/ End users cryomodules
	Inside 1660 coldbox
	
	

	TT662H
	010604048
	Temperature, helium return temperature   from bayonet BC-4 Cooldown return  external
	Inside 1660 coldbox
	
	




	TT663H
	010604048
	Temperature, helium return temperature   from bayonet BC-2 from liquid storage dewar vapor return
	Inside 1660 coldbox
	
	

	TT664H
	010604048
	Temperature sensor, outlet temperature helium supply from bayonet BC-1 from 1660 plant TO liquid storage dewar
	Inside 1660 coldbox
	
	

	TT665H
	010604048
	Temperature sensor, outlet temperature high pressure helium supply from bayonet BC-5 from 1660 plant
	Inside 1660 coldbox
	
	






B.10 Overall System diagram Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3300A
	010604071
	Pumpback valve to gas storage
	Behind ambient vaporizer
	F.C.
	

	H3301A
	010604071
	Bypass valve, Main helium Compressor
	Behind ambient vaporizer
	F.C.
	

	H3302A
	010604071
	Makeup valve from gas storage
	Behind ambient vaporizer
	F.C.
	

	H3303M
	010604071
	Manual bypass, main helium compressor
	Pump room ANNEX
	Manual
	

	H3304M
	010604071
	Isolation valve between 2nd and 3rd stage coalescers
	
	MANUAL
	

	H3305M
	010604071
	Compressor suction isolation
	Top of return line near Sullair compressor
	MANUAL
	

	H3308R
	010604071
	Relief valve, LP Return line to main compressor
	Outside building next the bathroom
	RELIEF
	

	H3310M
	010604071
	Manual Purge/instrument tap valve before after 2nd stage coelescers
	
	Manual
	

	H3311R
	010604071
	10 INCH VACUUM HEADER RELIEF
	Behind ambient vaporizer NEEBA
	Manual
	

	H3316A
	010604071
	Vapor return control valve to 20 Torr Header from small test dewar
	Outside small block house, near 1000 Gal Cryofab dewar
	F.C.
	

	H3317M
	010604071
	Manual Isolation valve for atmospheric discharge
	Outside small block house, near 1000 Gal Cryofab dewar
	Manual
	

	H3320A
	010604071
	Actuated Helium Control Valve, Return vapor from 40" vertical test dewar to 20 Torr helium vacuum header
	On transfer line coming from VTF
	F.O.
	

	H3321M
	010604071
	Manual Purge valve, on Vapor return line from 40 inch test dewar
	On distribution valvebox PHPK
	
	

	H3322A
	010604071
	Actuated Helium Valve, Return vapor from 40" vertical test dewar to 4.5K low pressure end of cryoplant
	On distribution valvebox PHPK
	F.C.
	

	H3323A
	010604071
	Actuated Helium Valve, Return vapor from ERL cryomodules TO 4.5K cryoplant
	On distribution valvebox PHPK
	F.C.
	

	H3324A
	010604071
	Actuated Helium Control Valve, Return vapor from ERL cryomodules to 20 Torr helium vacuum header
	On transfer line coming from ERL VJR
	F.O.
	

	H3325R
	010604071
	Relief valve for trapped volume on cold vapor return line
	On distribution valvebox PHPK
	
	

	H3326M
	010604071
	Manual Purge valve, on Vapor return line from ERL CRYOMODULES
	On distribution valvebox PHPK
	Manual
	

	H3327A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to VTD supply
	On distribution valvebox PHPK
	F.C.
	

	H3328A
	010604071
	Actuated valve with hand wheel, isolates Subcooler subcooled supply to Test dewar.
	On distribution valvebox PHPK
	F.C.
	

	H3329A
	010604071
	Actuated valve, isolates Subcooler subcooled supply to ERL cryomodules.
	On distribution valvebox PHPK
	F.C.
	

	H3330A
	010604071
	Actuated control valve from Liquid helium  draw from 1000 gal storage dewar to subcooler fillvalve
	On distribution valvebox PHPK
	F.C.
	

	H3331A
	010604071
	Actuated control valve. Vapor return from  Liquid helium storage dewar
	On transfer line behind distribution valvebox PHPK
	F.C.
	

	H3332A
	010604071
	Actuated control valve. Controls 4 atm Supply helium from plant to subcooler coils
	On transfer line behind distribution valvebox PHPK
	F.C.
	

	H3333M
	010604071
	Manual Purge valve, on liquid draw line from LHE dewar to valves H3327A and H3330A
	On distribution valvebox PHPK
	
	

	H3334R
	010604071
	Relief valve, trapped volume line segment Liquid helium draw isolaton valve H3493M from dewar and H3327A and H3330A
	On distribution valvebox PHPK
	
	

	H3335M
	010604071
	Manual Purge valve, on liquid supply line from LHE dewar to test dewar
	On distribution valvebox PHPK
	
	

	H3336M
	010604071
	Manual purge valve, on vapor return line from Lhe dewar to 1660 plant
	On transfer line behind distribution valvebox PHPK
	
	

	H3337R
	010604071
	Relief valve, trapped volume on vapor return line from Lhe dewar to 1660 plant between manual valve H3492M and H3331A
	On transfer line behind distribution valvebox PHPK
	
	

	H3338R
	010604071
	Relief valve, trapped volume on liquid supply line from subcooler to ERL cryomodules, between valves H3329A and H3353A, H3354A,H3356M,H1404A, H1405A
	On distribution valvebox PHPK
	
	

	H3339M
	010604071
	Manual purge valve, volume on liquid supply line from subcooler to ERL cryomodules, between valves H3329A and H3353A, H3354A,H3356M,H1404A, H1405A
	On distribution valvebox PHPK
	
	

	H3340R
	010604071
	Relief valve, trapped volume on liquid supply line through subcooler between valves H3332A and H3328A, H33529A
	On distribution valvebox PHPK
	
	




	H3341M
	010604071
	Manual purge valve, volume on liquid supply line through subcooler between valves H3332A and H3328A, H33529A
	On distribution valvebox PHPK
	
	

	H3342A
	010604071
	Vapor return control valve to 20 Torr Header from SRF Gun boil-off
	On SRF GUN VALVEBOX
	F.O.
	

	H3343A
	010604071
	Vapor return control valve to 20 Torr Header from 5 cell cavity boil-off
	On 5 cell VALVEBOX
	F.O.
	

	H3344R
	010604071
	Nitrogen transfer line relief
	On transferline out building near LN2 dewar, high elevation
	
	

	H10896A
	010604071
	20Torr Coldvapor  Return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	F.O.
	

	H10922A
	010604071
	20 Torr Coldvapor return valve for 5 cell
	On transfer lines, west, near 5-cell cryostat
	F.O.
	

	H10947M
	010604071
	Isolation valve between helium shield and lead flows manifold and compressor low side return line
	On manifold end for MKS mass flow controllers
	
	

	H3353A
	010604071
	Actuated control valve, Liquid helium supply top fill reservoir volume for 5 cell SRF cavity
	On 5 cell VALVEBOX 
	F.C.
	

	H3354A
	010604071
	Actuated control valve, Liquid helium supply to bottom fill 5 cell SRF cavity
	On 5 cell VALVEBOX
	F.C.
	

	H3356M
	010604071
	Manual isolation valve supply side of 5K circuits SRF Gun cryostat
	On 5 cell VALVEBOX
	
	

	H3360M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit solenoid SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3361M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit solenoid SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3362R
	010604071
	Relief valve, 5K circuit solenoid SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3363M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC#1 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3364M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit FPC#1 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3365R
	010604071
	Relief valve, 5K circuit FPC#1 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3366M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC#2 SRFGun
	On manifold for MKS mass flow controllers
	
	




	H3367M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit FPC#2 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3368R
	010604071
	Relief valve, 5K circuit FPC#2 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3369M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Tuner 5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H3370M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Tuner 5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H3371R
	010604071
	Relief valve, 5K circuitTuner 5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H10935R
	010604071
	Relief valve, 5K circuit flange tuner side 5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H10931R
	010604071
	Relief valve, 5K circuit flange FPC side 5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H10927R
	010604071
	Relief valve, 5K circuit FPC, 5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H3486M
	010604071
	Manual isolation valve: Return vapor subcooler bath to vapor return line 1660 Plant BC-2
	On transfer line behind subcooler 
	
	

	H3487A
	010604071
	Small Control valve, small test dewar volume to 20Torr header to Kinney vacuum pump
	Outside small block house, near 1000 Gal Cryofab dewar
	F.C.
	

	H3488A
	010604071
	Return Cross over valve from small test dewar volume to 1.2 atm low pressure line back to Sullair helium compressor suction
	Outside small block house, near 1000 Gal Cryofab dewar
	F.C.
	

	H3489C
	010604071
	Check valve, small test dewar vent to 1 atmosphere line
	Outside small block house, near 1000 Gal Cryofab dewar
	
	

	H3507R
	010604071
	Relief valve, trapped volume, vapor return line from valve H3323A/H3322A(testdewar side/ERL side) to 1660 Plant BC-3
	On distribution valvebox PHPK
	
	

	H3508R
	010604071
	Relief valve, trapped volume, vapor return line from Lhe dewar valve H3331A  to 1660 Plant BC-2
	On transfer line behind  distribution valvebox PHPK
	
	

	H3509R
	010604071
	Relief valve, trapped volume, liquid supply line from 1660 plant Jt valve to Lhe storage dewar 
	On transfer line behind  distribution valvebox PHPK
	
	




	H3510R
	010604071
	Relief valve, trapped volume, High pressure supply line from 1660 plant to wet expander inlet side
	On transfer line behind  distribution valvebox PHPK
	
	

	H3526R
	010604071
	Relief valve, trapped volume of Wet expander discharge line to liquid helium storage dewar
	On transfer line behind  distribution valvebox PHPK
	
	

	H3527R
	010604071
	Relief valve, 5K circuit Endflange#2 
SRF-Gun
	On manifold for MKS mass flow controllers
	
	

	H3529M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-1 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3530M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Endflange-1 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3531M
	010604071
	Manual isolation flow, inlet side massflow controller 5K circuit Endflange#2 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3532M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange#2 SRFGun
	On manifold for MKS mass flow controllers
	
	

	H3533A
	010604071
	Communication valve for vessel bottom fill line 5-cell system
	5-cell valvebox
	F.C.
	

	H3536E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit FPC coupler
	On manifold for MKS mass flow controllers
	
	

	H3537E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, FPC side
	On manifold for MKS mass flow controllers
	
	

	H3538E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit End Flange, Tuner side
	On manifold for MKS mass flow controllers
	
	

	H3539E
	010604071
	Thermal mass flowcontroller valve, actuated. 5-cell cavity 5K circuit Tuner
	On manifold for MKS mass flow controllers
	
	

	H3540E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 2
	On manifold for MKS mass flow controllers
	
	

	H3541E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun End Flange 1
	On manifold for MKS mass flow controllers
	
	

	H3542E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-2
	On manifold for MKS mass flow controllers
	
	

	H3543E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun FPC-1
	On manifold for MKS mass flow controllers
	
	

	H3544E
	010604071
	Thermal mass flowcontroller valve, actuated. SRFGun solenoid
	On manifold for MKS mass flow controllers
	
	

	H3545A
	010604071
	Test Dewar atmospheric vent valve
	Outside small block house, near 1000 Gal Cryofab dewar
	F.C.

	

	H3551M
	010604071
	Manual valve to atmosphere
	On manifold for MKS mass flow controllers
	
	

	H3552M
	010604071
	Manual valve to atmosphere
	On manifold for MKS mass flow controllers
	
	

	H3553M
	010604071
	Manual valve. Tee of 1/2” helium warm supply line from compressor to VTD
	On 2” piping above subcooler
	
	

	H3554M
	010604071
	Manual valve.  Isolate 1/2” helium line from 2” warm supply line from compressor to VTD
	On 2” piping above subcooler
	
	

	H10930M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC on  5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H10928M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit FPC on  5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H10934M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-FPCside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H10932M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-FPCside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H10938M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-Tunerside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	H10936M
	010604071
	Manual isolation flow, outlet side massflow controller 5K circuit Endflange-Tunerside on  5 cell Cavity
	On manifold for MKS mass flow controllers
	
	

	N3301M
	010604071
	Manual isolation valve, LN2 cathode cooling supply
	SRFGUN Valvebox
	
	

	N3302A
	010604071
	Actuated control valve, LN2 5-Cell shield supply
	Near 5-CELL Valvebox
	F.C.
	

	N3303A
	010604071
	Actuated control valve, LN2 SRF Gun shield supply
	SRFGUN Valvebox
	F.C.
	

	N3314M
	010604071
	Manual isolation valve, GN2 purge
	On cryoduct VJR to VTF
	
	

	N3315A
	010604071
	Actuated control valve, LN2 VTF shield supply
	On cryoduct VJR to VTF
	F.C.
	

	N3344R
	010604071
	Relief valve, Nitrogen 65 PSIG
	On LN2 transfer line outside near 11,000 Gal LN2 dewar
	Relief
	




	N3346A
	010604071
	Keep full valve LN2 supply
	Outside ERL blockhouse before entering the blockhouse at 3inch PVC penetration
	Float
	

	N3347A
	010604071
	Keep full valve LN2 plant supply
	On LN2 transfer line 
	Float
	

	BD2531V
	010604071
	CRYODUCT/VALVEBOX
	On cryoduct outside
	
	

	BD2538V
	010604071
	CRYODUCT RELIEF, 7 psid
	On cryoduct VJR outside ERL blockhouse between plant and ERL
	Burstdisk
	

	FE3310H
	010604071
	5K circuits mass flow controller flowmeter reading output signal 5 CELL CAVITY FPC
	On manifold for MKS mass flow controllers
	
	

	FE3311H
	010604071
	5K circuits mass flow controller flowmeter readingoutput signal 5-CELL CAVITY End Flange FPC side
	On manifold for MKS mass flow controllers
	
	

	FE3312H
	010604071
	5K circuits mass flow controller flowmeter reading output signal 5-CELL CAVITY End Flange Tuner side
	On manifold for MKS mass flow controllers
	
	

	FE3313H
	010604071
	5K circuits mass flow controller flowmeter reading output signal 5-CELL CAVITY TUNER
	On manifold for MKS mass flow controllers
	
	

	FE3314H
	010604071
	5K circuits mass flow controller flowmeter reading output signal SRF GUN FPC#1
	On manifold for MKS mass flow controllers
	
	

	FE3315H
	010604071
	5K circuits mass flow controllerflowmeter reading output signal SRF GUN FPC#2
	On manifold for MKS mass flow controllers
	
	

	FE3316H
	010604071
	5K circuits mass flow controller flowmeter reading output signal SRF GUN END FLANGE #1 Tuner side
	On manifold for MKS mass flow controllers
	
	

	FE3317H
	010604071
	5K circuits mass flow controller flowmeter reading output signal SRF GUN END FLANGE #2 FPC side
	On manifold for MKS mass flow controllers
	
	

	FE3318H
	010604071
	5K circuits mass flow controller flowmeter reading output signal SRF GUN Solenoid
	On manifold for MKS mass flow controllers
	
	

	HX3300
	010604071
	Heat exchanger, Recovery 2K-4K, SRF GUN liquid helium supply against Vapor return
	SRFGun valvebox
EDEN
	
	

	HX3301
	010604071
	Heat exchanger, Recovery 2K-4K, 5-CELL CAVITY liquid helium supply against Vapor return
	5-CELL valvebox
EDEN
	
	

	PT3304H
	010604071
	Subcooled helium supply pressure
	On distribution valvebox PHPK
	
	

	PT3310H
	010604071
	Sullair compressor inlet pressure
	Top of return line near Sullair compressor
	
	

	PT3328
	010604071
	SCRF Gun Helium bath return pressure
	SCRF GUN valvebox
	
	

	PT3329
	010604071
	5 cell helium vessel return pressure
	5-CELL valvebox
EDEN
	
	

	TT3303H
	010604071
	Temperature, Cold vapor return from VTD 40"
	On cryoduct VJR from VTF
	
	

	TT3304H
	010604071
	Temperature, Cold vapor return from ERL cryostats
	On cryoduct VJR from ERL
	
	

	TT3318H
	010604071
	SRF Gun Helium Supply, Upstream of recovery heat exchanger
	SCRF GUN valvebox
	
	

	TT3319H
	010604071
	SRF Gun Helium Supply, Downstream of recovery heat exchanger
	SCRF GUN valvebox
	
	

	TT3320H
	010604071
	5 Cell Cavity Helium Supply, Upstream of recovery heat exchanger
	5-CELL valvebox

	
	

	TT3321H
	010604071
	5 Cell Cavity Helium Supply, , Downstream of recovery heat exchanger
	5-CELL valvebox

	
	





B.11	Subcooler Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3372R
	010604087
	1/2 psig relief,Blowdown relief with isolation valve
	On subcooler skid
	
	

	H3373M
	010604087
	Isolation valve for 1/2 psig relief H3327R
	On subcooler skid
	
	

	H3374R
	010604087
	RELIEF VALVE, SUBCOOLER
	On subcooler skid
	
	

	H3376M
	010604087
	Isolation valve for instrumentation
	On subcooler skid
	
	

	H3377M
	010604087
	Cooldown return valve to compressor suction
	On subcooler skid
	
	

	H3378M
	010604087
	Isolation valve for shield flow flowmeter
	On subcooler skid
	
	

	H3380M
	010604087
	Isolation valve for instrumentation
	On subcooler skid
	
	

	H3381M
	010604087
	Pumpout valve for PT3301H Volume 
	On subcooler skid
	
	

	H3534V
	010604087
	Pumpout port/ relief for insulating vacuum subcooler system
	On subcooler skid
	
	

	BD2532H
	010604087
	burstdisk helium relief
	On subcooler skid
	
	

	BD2533V
	010604087
	burstdisk vacuum relief
	On subcooler skid
	
	

	FE3303
	010604087
	Heat shield outlet flow
	On subcooler skid
	
	

	LT3303H
	010604087
	Subcooler level probe
	On subcooler skid
	
	

	PI3302H
	010604087
	Pressure indicator, local dial gage, subcooler bath pressure
	On subcooler skid
	
	

	PT3300H
	010604087
	Helium pressure in subcooler bath
	On subcooler skid
	
	

	PT3301H
	010604087
	Vacuum presure in insulating vacuum volume
	On subcooler skid
	
	

	TT3300H
	010604087
	Temperature, outlet of subcooled helium stream, of subcooler
	On subcooler skid
	
	

	TT3317H
	010604087
	Temperature sensor, subcooler helium vessel
	On subcooler skid
	
	





B.12	Cold Cathode Cooling Loop Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	N3304M
	010604088
	Manual isolation valve, LN2 purge
	SRF GUN Valvebox EDEN
	
	

	N3305R
	010604088
	Relief valve, Nitrogen 65 PSIG
	SRF GUN Valvebox EDEN
	
	

	N3306M
	010604088
	Manual isolation valve, GN2 purge
	SRF GUN Valvebox EDEN
	
	

	N3307A
	010604088
	Actuated Control valve, LN2 phase seperator fill
	SRF GUN Valvebox EDEN
	F.C.
	

	N3344C
	010604088
	Check valve N2 vent from cathode and heater
	SRF GUN Valvebox EDEN
	
	

	N3309R
	010604088
	Relief valve, Nitrogen 15 PSIG
	SRF GUN Valvebox EDEN
	
	

	N3310A
	010604088
	Actuated Control valve, LN2 pressure control
	SRF GUN Valvebox EDEN
	F.C.
	

	N3311R
	010604088
	Relief valve, Nitrogen 45 PSIG
	SRF GUN Valvebox EDEN
	
	

	N3345M
	010604088
	Manual isolation valve, cathode supply
	On transfer line to cathode cart
	
	

	HTR-423
	010604088
	Heater for measuring flow rate
	SRF GUN Valvebox EDEN
	
	

	LIC3300N
	010604088
	Liquid nitrogen level probe, capacitance
	SRF GUN Valvebox EDEN
	
	

	PT3320N
	010604088
	Liquid nitrogen tank pressure for cathode cooling 
	SRF GUN Valvebox EDEN
	
	

	TSH3307H
	010604088
	Cathode Cooling heater high temperature switch
	SRF GUN Valvebox EDEN
	
	

	TT3301N
	010604088
	Temperature, 2 phase return from cathode cooling loop
	SRF GUN Valvebox EDEN
	
	

	TT3302N
	010604088
	Temperature, Liquid supply to cathode cooling loop from separator
	SRF GUN Valvebox EDEN
	
	

	TT3307N
	010604088
	Temperature, Nitrogen heater outlet temperature
	SRF GUN Valvebox EDEN
	
	




B.13	Wet expander Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3382M
	010604089
	Manual isolation valve,Warm helium supply purge to wet expander inlet side line
	Wet expander skid
	
	

	H3383R
	010604089
	Relief valve, Trap volume between H3386M and H3385A on inlet line to wetexpander pistons
	Wet expander skid
	
	

	H3384M
	010604089
	Manual isolation valve from Supply line side line inlet to wetepxander to cooldown return line
	Wet expander skid
	
	

	H3385A
	010604089
	Actuated Control valve, wet expander inlet valve
	Wet expander skid
	F.C.
	

	H3386M
	010604089
	Bayonet isolation valve, inlet side, used only if transfer line is disconnected
	Wet expander skid
	
	

	H3387R
	010604089
	Relief valve, trapped volume between wet expander linlet valve and expander piston inlet
	Wet expander skid
	
	

	H3388M
	010604089
	Bayonet isolation valve, ooutlet side, used only if transfer line is disconnected
	Wet expander skid
	
	

	H3389C
	010604089
	Check valve, on relief line, discharge side of wetexpander
	Wet expander skid
	
	

	H3390R
	010604089
	Relief valve, trapped volume, between H3391M and H3388M if closed
	Wet expander skid
	
	

	H3391M
	010604089
	Manual isolation valve, discharge line wetexpander
	Wet expander skid
	
	

	H3392M
	010604089
	Manual isolation valve, to cooldown return line back to 1660 compressor suction line
	Wet expander skid
	
	

	H3393R
	010604089
	Relief valve, trapped volume, between H3391M and wet expander discharge
	Wet expander skid
	
	

	V3301R
	010604089
	Relief cap vacuum
	Wet expander skid
	
	

	V3302M
	010604089
	isolation valve for vacuum gage
	Wet expander skid
	
	

	V3303M
	010604089
	Bleed up valve for insulating vacuum space
	Wet expander skid
	
	

	BD2528V
	010604089
	WET EXPANDER POD (V3300R) (V14)
	Wet expander skid
	
	

	PI3300H
	010604089
	Pressure indicator, local dial gage, inlet to wet epxander upstream of inlet isolation valve
	Wet expander skid
	
	

	PI3304H
	010604089
	Pressure indicator, local dial gage, outlet of wet epxander upstream of outlet isolation valve
	Wet expander skid
	
	

	PS3303H
	010604089
	Low pressure switch for motor power
	Wet expander skid
	
	

	PS3304H
	010604089
	High pressure switch for motor power
	Wet expander skid
	
	

	PT3302H
	010604089
	Pressure sensor for expander inlet valve
	Wet expander skid
	
	

	PT3303H
	010604089
	Expander pressure sensor
	Wet expander skid
	
	

	TE3300H
	010604089
	Temperature sensor for expander inlet
	Wet expander skid
	
	

	TE3302H
	010604089
	Expander outlet temperature
	Wet expander skid
	
	



B.14	Cold N2 Vent System Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	N3351C
	010604175
	Check valve, 5-CELL N2 SHIELD VENT
	Outside ERL blockhouse near ambient vaporizer
	
	

	N3352C
	010604175
	Check valve, COLD CATHODE N2 VENT
	Outside ERL blockhouse near ambient vaporizer
	
	

	N3353R
	010604175
	Trapped volume relief, N2 VENT HEADER
	Outside ERL blockhouse near ambient vaporizer
	
	

	N3356R
	010604175
	Trapped volume relief
	Outside ERL blockhouse near ambient vaporizer
	
	

	N3357R
	010604175
	Trapped volume relief
	Outside ERL blockhouse near ambient vaporizer
	
	

	N3358C
	010604175
	Check valve
	Outside ERL blockhouse near ambient vaporizer
	
	

	N3359C
	010604175
	Check valve
	Outside ERL blockhouse near ambient vaporizer
	
	

	N3360C
	010604175
	Check valve
	Outside ERL blockhouse near ambient vaporizer
	
	

	N6245R
	010604175
	Trap volume relief, 5 CELL SHIELD RELIEF
	Outside ERL blockhouse near ambient vaporizer
	
	

	N6246R
	010604175
	Trap volume relief, SRF GUN SHIELD
	Outside ERL blockhouse near ambient vaporizer
	
	



B.15	40” Vertical Test Facility Dewar Valve & Instrument List
	Tag
	P&ID Number
	Description
	Location
	FAIL POSITION
	Check

	H3512A
	CA6010001
	Top Fill valve, Lhe supply
	Top plate Vertical test Dewar 
	F.C.
	

	H3513A
	CA6010001
	Cooldown and Fill valve, Lhe supply
	Top plate Vertical test Dewar
	F.C.
	

	H3514M
	CA6010001
	Pumpout port isolation valve for pumping air/N2 out from helium volume with vacuum pump
	Top plate Vertical test Dewar
	
	

	H3515M
	CA6010001
	instrument isolation valve
	Top plate Vertical test Dewar
	
	

	H3516R
	CA6010001
	Relief valve, Pilot operated, low pressure, 5 psig, for helium volume
	Top plate Vertical test Dewar
	
	

	H3517M
	CA6010001
	instrument isolation valve for volume between H3516R and check H3518C
	Top plate Vertical test Dewar
	
	

	H3518C
	CA6010001
	Check valve
	Top plate Vertical test Dewar
	
	

	H3519R
	CA6010001
	Relief valve, trapped volume line segment Liquid helium supply to dewar
	Top plate Vertical test Dewar
	
	

	H3520M
	CA6010001
	Isolation valve for instrumentation
	Top plate Vertical test Dewar
	
	

	H3521A
	CA6010001
	solenoid operated valve, warm helium purge line
	Top plate Vertical test Dewar
	F.C.
	

	H3522M
	CA6010001
	Needle valve, warm helium purge line
	Top plate Vertical test Dewar
	
	

	N3340R
	CA6010001
	Relief valve, Nitrogen 25 PSIG
	Top plate Vertical test Dewar
	
	

	N3341C
	CA6010001
	Check valve, LN2 vent
	Top plate Vertical test Dewar
	
	

	N3342A
	CA6010001
	Solenoid valve, GN2 supply
	Top plate Vertical test Dewar
	F.C.
	

	N3343M
	CA6010001
	Manual isolation valve, GN2 supply
	Top plate Vertical test Dewar
	
	

	V3309A
	CA6010001
	Automatic isolation valve for turbo pump inlet
	Top plate Vertical test Dewar
	F.C.
	

	V3310M
	CA6010001
	Manual isolation valve for vacuum sensors insulating vacuum space Large vertical test dewar
	Top plate Vertical test Dewar
	
	

	V3311M
	CA6010001
	Manual isolation valve for vacuum sensor for guard space on top plate flange seal of Large vertical test dewar
	Top plate Vertical test Dewar
	
	

	V3312M
	CA6010001
	Manual isolation valve for guard vacuum space for top plate flange o-ring seal
	Top plate Vertical test Dewar
	
	

	BD2529H
	CA6010001
	Burst disk helium volume 8 psig
	Top plate Vertical test Dewar
	
	

	BD2530V
	CA6010001
	Burst disk vacuum volume 8 psig
	Below deck 
	
	

	HTR-420
	CA6010001
	Heater on Vertical test dewar helium vessel
	Inside Vertical Test Dewar
	
	

	HTR-421
	CA6010001
	Heater on Vertical test dewar helium vessel
	Inside Vertical Test Dewar
	
	

	HTR-422
	CA6010001
	Heater on Vertical test dewar helium vessel
	Inside Vertical Test Dewar
	
	

	LT3317
	CA6010001
	VTF level Probe
	Inside Vertical Test Dewar
	
	

	PT3321H
	CA6010001
	100 psia pressure sensor, Liquid helium supply line
	Top plate Vertical test Dewar
	
	

	PT3322H
	CA6010001
	30 psia pressure sensor, helium dewar volume
	Top plate Vertical test Dewar
	
	

	PT3323H
	CA6010001
	50 Torr pressure sensor, helium dewar volume
	Top plate Vertical test Dewar
	
	

	PT3324V
	CA6010001
	Vacuum gage Pirani, guard vacuum volume
	Top plate Vertical test Dewar
	
	

	PT3325V
	CA6010001
	Vacuum gage Pirani, insulating vacuum volume
	Top plate Vertical test Dewar
	
	

	PT3326V
	CA6010001
	Vacuum gage, cold cathode, insulating vacuum space
	Top plate Vertical test Dewar
	
	

	TT3309H
	CA6010001
	Temperature, Helium vessel wall below intercept 5K
	Inside Vertical Test Dewar
	
	

	TT3310H
	CA6010001
	Temperature, Helium vessel wall at cold magnetshield, liquid level elevation
	Inside Vertical Test Dewar
	
	

	TT3311H
	CA6010001
	Temperature, Bottom of helium vessel
	Inside Vertical Test Dewar
	
	

	TT3312H
	CA6010001
	Temperature sensor, inlet side liquid helium supply to recovery heat exchanger
	Inside Vertical Test Dewar
	
	

	TT3313H
	CA6010001
	Temperature sensor, outlet side liquid helium supply stream from recovery heat exchanger
	Inside Vertical Test Dewar
	
	

	TT3314H
	CA6010001
	Temperature sensor, cooldown bottom fill line
	Inside Vertical Test Dewar
	
	

	TT3315N
	CA6010001
	Temperature sensor below 80K intercept
	Inside Vertical Test Dewar
	
	

	TT3316N
	CA6010001
	Temperature sensor on 80K intercept pipe
	Inside Vertical Test Dewar
	
	

	TT3324H
	CA6010001
	Type K TC, Temperature sensor on helium vessel heater #1
	Inside Vertical Test Dewar
	
	

	TT3325H
	CA6010001
	Type K TC, Temperature sensor on helium vessel heater #2
	Inside Vertical Test Dewar
	
	

	TT3326H
	CA6010001
	Type K TC, Temperature sensor on helium vessel heater #3
	Inside Vertical Test Dewar
	
	





ATTACHMENT C.  Equipment Description, Valves and Instrumentation and Control Logic


C.  Equipment Description, Valves and Instrumentation and Control Logic
[bookmark: _Toc308179779][bookmark: _Toc217264968]
System overview

System demand
The total cryogenic load of the system is larger than the plant’s capacity, hence the plant is not capable of keeping up with the steady state load when the cavities dissipate their dynamic loads.

The balance of the capacity is made up by using inventory from the 1000 gallon storage dewar.
Thus the experiment is run for 6-8 hours and the inventory shifts from the 1000 gallon dewar to the 45,000 Gal gas storage tank. After the test is completed, the inventory is reliquefied back to the liquid storage dewar over a period of several days. During this time the cavities are not cooled and allowed to drift upward, intercept flow to the cavities is most likely still required to intercept the beam tube conduction heat leak.

2K mode:
In this mode all the helium supplied to the cryomodules comes back to the main compressor suction side, via the Kinney vacuum pump and 5K intercepts return.

Cryostat 4.5K mode:
In this mode flow from the cryomodules is returned to the cold end of the plant.

No cryostat mode
In this mode no flow from cryostat is returned to the cold end and no flow is returned from the Kinney pump. The suction pressure is allowed to rise limited by main helium compressor motor power draw.
[bookmark: _Toc308179780]
C.1	Gas Management and Plant Capacity Control Logic
[bookmark: _Toc308179781]C.1.1	Plant capacity control
The plant’s capacity will be set by the expander capacity and compressor discharge pressure and compressor flow.
However, compressor discharge will not be allowed to be dropped too much because of minimum margin on the oil demisters capability. The minimum discharge pressure low limit shall be set at about 14.6 atm (200 psig). The discharge pressure shall only be used as additional turndown.

Expander speed control
Controlling the expander speed will control the plant’s capacity.
If there is demand 

Load demand: Liquid storage Dewar level LT3313H
This is done by cascading other control parameters onto the control loop’s speed high limit
Expander speed setpoint high limit
The following parallel source for turning down the speed high limit are:
		Parallel sources:
1. Fixed high = 230 rpm is the high limit upper value 
2. Plant’s cold end pressure control when in “ Cryostat 4.5K mode”
3. Discharge pressure
4. Suction pressure

[bookmark: _Toc308179782]C.1.2 	Gas Management

Suction Pressure Control
Suction pressure will be controlled by by-pass valve H3301A.
Once all the compressor flow is swallowed by the plant, suction pressure will rise and the by-pass valve will be completely shut. This will only happen when the flow is coming back from the load is high or when the plant’s expander speed is too high. The compressor flow through increases as the suction pressure increases and motor power draw increases.

Discharge pressure control
Make-up (mass–in) H3302A and pumpback (mass-out) H3300A control valves will be controlled by discharge pressure.
Mass-in valve will start to open when the discharge pressure drops below setpoint-0.5 deadband
Mass-out valve will start to open when the discharge pressure rises above setpoint+0.5 deadband
Deadband can be set to 0.4 atm

The minimum setpoint for the discharge pressure shall be 15 atm due to keep the oil removal system operating in the proper range.

[Note: If there is a failure of the mass-in valve or empty warm storage tank, the discharge pressure can drop if a net liquefaction load is present, since inventory cannot be made up.]


Joule-Thomson Transfer Loop flow control
The plant’s JT transfer loop can either operate on the JT valve (JT-5 on 010604048) or with the wet-expander. The total cold end mass flow will vary depending on the plant loading and type of load. Control will be on temperature.

Operation on JT valve
The JT-5 valve is controlled off a temperature control loop based on TT658H, (20K Cold expander inlet temperature). The setpoint dictates how efficient the plant operates and this value can be changed if the operator knows how the plant is loaded (liquefaction versus refrigeration load). The optimum setpoint will be the following
	Liquefaction mode: 18K
   Refrigeration mode: 15K

Operation on wet-expander
The wet expander can be used if the flow to the subcooler/load is low, because the expander set is relatively large for the plant. This will the case during reliquefaction of warm gas from storage with the cryomodules load off. With the wet expander operational, all/most-of the JT loop flow will go through the wet expander. Control will be based on TT658H: the speed shall be adjusted to hold this temperature. The control action is reverse acting: Expander speed reduces on rising temperature.

High Pressure (HP) flow to sub-cooler
All the HP flow will exit plant bayonet 5 and will split to the wet-expander and to pressure control valve H3332A and onto the sub-cooler.

[bookmark: _Toc308179783]C.2	Plant Cold End Low Pressure Side (LP) Control

Because the operating and relief pressure of the cryostats are very low, the operating mode for the cryostats will dictate the plant’s upper operating limit of the low-pressure-side pressure at the cold end.

Cryostat (4.5K) mode: When the cold vapor from any of the cryostats is returned to the cold end of the plant, the upper limit for the cryostat pressure is 3.5 psig. In this mode the vapor pressure is around 1.25 atm.

Cryostat 2K mode: The cryostat boil-off is returned to the Kinney vacuum skid via crossover valves for each cryostat. The only cold vapor returned is from the storage dewar and subcooler. The plant’s cold end operating pressure can be higher in this mode. The compressor suction pressure can be increased is this mode also, leading to higher compressor flow, upto the point where the suction pressure of the main compressor is too high for the Kinney vacuum pump discharge side.

No Cryostat mode: Same as the Cryostat 2K mode except, the suction pressure is not limited by the Kinney pump.

Pressure control: 
Process variable input:  PT 606H (on 1660S plant)
Pressure control output: Cascade loop to the plant capacity control logic, engine upper speed limit.
When pressure increases, upper speed limit decreases


[bookmark: _Toc308179784]C.2.1	 LN2 Precooling control

The plant can be operated without LN2 precooling, if there is a problem with the LN2 supply.
Then plant will run at approximately at half capacity in this mode.

LN2 control is done by maintaining a liquid level in the LN2 boiler using level control loop on LN2 fill valve N8100A  (on dwg 010604048) of  DPT8090N.

[bookmark: _Toc308179785]C.2.2	HX Balancing Control Temperature Control TIC-5
H9904A is a 2 way flow control valve that splits the main compressor flow between the main heatexchanger (HX2500) and the LN2 precooler recovery heatexchanger (HX2605). Temperature control loop monitoring HX2605 nitrogen vapor exit temperature TT652N will control the flow split to maintain this temperature. The flow to heat exchanger heatexchanger (HX2605) needs to increase when temperature TT652N drops.

[bookmark: _Toc308179786]C.2.3 Wet Expander Operation

The wet expander can to be operated instead of the JT valve. Joule-Thomson loop flowrate will be set by the wet-expander throughout. The control would still be off the same temperature control loop, as the JT valve, except the turn down is limited to the minimum brake capacity of the DC brake. When the process control temperature warms-up too much, the Joule Thomson loop flow cannot be reduced any further, the wet expander has to be turned off.

See section on Joule Thomson loop flow for control loop.

The temperature setpoint for operating with wet expander will shift upward (warmer) by approximately 2K.


[bookmark: _Toc308179787]C.2.4	Other valves on the 1660S Cryoplant Coldbox

[bookmark: _Toc308179788]C.2.4.1	Cold Vapor Return  H9919A  H9916A
H9919A (T> 10K) Open this valve to return cold vapor flow from bayonet BC-3 to the plant’s internal cooldown line.

H9916A. (T<5K) Open this valve to return cold vapor flow from bayonet BC-3 to the 4.5K end of HX2504 (E34).

[bookmark: _Toc308179789]B.2.4.2	Cold Vapor Return  H9918A  H9915A

H9918A (T> 10K) Open this valve to return cold vapor flow from bayonet BC-4 to the plant’s internal cooldown return line.

H9915A. (T<6K) Open this valve to return cold vapor flow from bayonet BC-4 or BC-3 (crossover using H9919A) to the 7K (warmer) section of HX2504 (E34).


[bookmark: _Toc308179790]C.2.4.3	JT Flow Isolation H9912A
Isolation valve downstream of Valve JT5
 
[bookmark: _Toc308179791]C.2.4.4	Cross-over valve H9909A
This provides high pressure 5K helium to BC-5 to supply high pressure helium to the system, subcooler.

[bookmark: _Toc308179792]C.2.4.5	Isolation valve H9911A
Isolation valve for BC-5.

[bookmark: _Toc308179793]C.2.4.6	Cooldown supply valve H9906A
This provides high pressure 60-80K helium to BC-5 to supply high pressure helium for cooldown of cryomodules or test dewar. The supply pressure is knocked down by valve H3332A located in the transferline system.


C.2.4.7	The Overspeed Safety Device
The Overspeed Safety Device consists of a spring loaded pin built into the flywheel and a switch mounted on the cover plate. This prevents the engines from overspeeding in the event the alternator does not act as a brake e.g., belt or alternator failure). Centrifugal force compresses the spring and allows the pin to move beyond the outer circumference of the flywheel. When the engine speed reaches approximately 350 rpm, the pin will protrude from the flywheel enough to trip the switch. The switch, when opened, causes the gas supply solenoid valve H9903A (V323) to close and H9845A (V330) to open (valves must be in auto), shutting off gas supply and venting the HX pressure to atmosphere. This allows the engines to coast to a stop and energizes TRIP pilot light on the control panel. After the cause of overspeeding has been  corrected, the switch must be reset manually using the tool provided (P/N B3824375).

To reset the switch: push away from you, or towards the flywheel.
To trip the switch, pull towards you, away from the flywheel.






[bookmark: _Toc308179795]

C.3	Large 40 inch diameter Vertical Test Dewar

[bookmark: _Toc308179796]C.3.1	Level Control Valve H3512A (Liquid helium supply)

This will liquid control level by controlling the supply helium delivered from the cryoplant/storage dewar via refrigeration recovery heat exchanger HX. 
Because the vacuum pumping system does not have unlimited capacity, there will be a cascade loop to close the fill valve when the desired operating pressure is exceeded. The system has the largest peak 2K cooling capacity when there is no flow from the fill (level) valve, which means during this mode the liquid inventory is drawn down.
During filling the net cooling capacity will be reduced, thus filling can only occur when there is no dynamic load dissipation from the cavity.

Process variable: Level sensor LT3317H
Action: Reverse. Open valve on decreasing level
High limit for valve opening: Cascade loop from bath pressure and Vapor return valve H3512A has reached greater than 90%open position. 

Cascade loop: decreases the high limit for the valve position opening with increasing bath pressure


[bookmark: _Toc308179797]C.3.2	Helium Bath Pressure Control Valve H 3320A
(H3320A Sub-atmospheric to Kinney) / H3322A (on/off1.2 atm, 4.4K return to 1660S plant)

The valve would be fully open once the vacuum pump has been fully loaded.
The vapor return valve will be on pressure control loop of the bath pressure sensor.
Process variable: Pressure PT3323H

Action: Direct.  Open valve on increasing pressure.

LOW LIMIT for valve opening: XX%
HIGH LIMIT for valve opening: XXX%

[bookmark: _Toc308179798]C.3.3	Bottom fill Control Valve H3513A
Operator controlled.
LOW LIMIT for valve opening: XX%
HIGH LIMIT for valve opening: XXX%


[bookmark: _Toc308179799]C.3.4	Warm helium supply 
H3512A and H3522M, (H3523A, not installed)
This is a solenoid operated valve in series with a metering valve.

[bookmark: _Toc308179800]

C.3.5	Liquid helium supply H3327A (located in valvebox)
Temperature controlled mode
This valve will be used to control cooldown of the Test dewar.
The temperature setpoint to this loop shall be ramped at an operator settable rate (e.g. 30K/hr)
Process variable: Temperature sensor TT3314H 
Action: Direct.  Open valve when temperature is higher than setpoint. 

LOW LIMIT for valve opening: XX%
HIGH LIMIT for valve opening: XXX%


[bookmark: _Toc308179801]C.3.6.	Warm nitrogen supply N3342A
This is a solenoid operated valve in series with a metering valve.
Operator controlled.
Used to dry out the helium volume using GN2 before Helium pump and purge, and cooldown
This can also be used to warmup the test dewar after the dewar has been warmed to 100K.

[bookmark: _Toc308179802]C.3.7	LN2 shield temperature control N3315A
Valve N3315A will also be used for cooldown of the shield and intercept on the helium vessel.
LN2 supply valve N3315A is located outside the VTD blockhouse. 
The shield shall be flooded using temperature control loop on TT3316N.
The 
Valve position 
HILIMIT: user settable 
[bookmark: _Toc308179803]C.3.8	5K intercept flow control (MKS Mass flow controller, 84 SLPM, not installed)
For sub 2K temperature operation of the dewar, the intercept flow can be turned on to reduce the heat leak to the bath by 6W.

[bookmark: _Toc308179804]C.3.9	Instrumentation
Pressure 40 inch Dewar bath (PT3323H, 50 Torr)
Alarm: High
Setpoint: 30 Torr (Lambda point pressure)

Pressure 40 inch Dewar bath, (PT3322H   30 PSIA)
Alarm: High
Setpoint: 18.7 psia (close to relief pressure warning)

Pressure Liquid helium supply, (PT3321H   100 PSIA)
Alarm: High
Setpoint: 65 psia (5 atm)




LT3318H
Alarm: HIGH
Setpoint: 95% (overfill alarm)
Alarm: LOW
Setpoint: 5% (low level alarm), depends on test article.

TT3315N (On vessel, below heat station LN2 channel)

TT3316N (On vessel heat station LN2 channel)
This will be used for control of LN2 shield/heat station with valve N3315A.

TT3309H (Below 5K heat station intercept coil)
TT3310H (Middle of liquid level helium vessel)
TT3311H (Bottom of liquid helium vessel near heater)
TT3312H (Ref Recovery HX high side inlet )
TT3313H (Ref Recovery HX high side outlet / JT valve inlet)
TT3314H (Cooldown line supply temperature)



[bookmark: _Toc308179805]C.4	5- Cell (eCX) Cavity Cryostat

[bookmark: _Toc308179806]C.4.1	Level Control Valve H3353A
This will liquid control level by controlling the supply helium delivered from the cryoplant/storage dewar via refrigeration recovery heat exchanger HX3301. 
Because the vacuum pumping system does not have unlimited capacity, there will be a cascade loop to close the fill valve when the desired operating pressure is exceeded. The system has the largest peak 2K cooling capacity when there is no flow from the fill (level) valve, which means during this mode the liquid inventory is drawn down.
During filling the net cooling capacity will be reduced, thus filling can only occur when there is no dynamic load dissipation from the cavity.

Process variable: Level sensor LT0124H/LT0126H
Action: Reverse. Open valve on decreasing level
High limit for valve opening: Cascade loop from bath pressure and Vapor return valve H3343A has reached greater than 90%open position. 

Cascade loop: decreases the high limit for the valve position opening with increasing bath pressure



[bookmark: _Toc308179807]C.4.2	Helium Bath Pressure Control Valve H3343A
The valve would be fully open once the vacuum pump has been fully loaded.
The vapor return valve will be on pressure control loop of the bath pressure sensor.
Process variable: Pressure PT8461H

Action: Direct.  Open valve on increasing pressure.

LOW LIMIT for valve opening: 12%
HIGH LIMIT for valve opening: 100%


[bookmark: _Toc308179808]C.4.3	Cooldown/bottom fill Valve H3354A
The cooldown valve will be manually controlled by the operator. 
There shall be a valve position HIGH LIMIT to prevent the operator from inadvertently opening the valve too much. (i.e. The high limit has to work when the valve is in manual mode) 

[bookmark: _Toc308179809]C.4.4	Vapor space Cross-over valve H3533A
This valve will be manually operated by the operator.
Open this valve after (using) the cooldown valve H3354A is closed.




[bookmark: _Toc308179810]C.4.5	Instrumentation
Pressure 5-cell ballast tank bath (PT8461H, 50 Torr)
Alarm: High
Setpoint: 30 Torr (Lambda point pressure)

Pressure 5-cell ballast tank bath, (PT8454H   30 PSIA)
Alarm: High
Setpoint: 18.7 psia (close to relief pressure warning)

LT0124H/LT0126H Liquid level 550 L ballast tank
Alarm: HIGH
Setpoint: 95% (overfill alarm)
Alarm: LOW
Setpoint: 5% (low level alarm)

LT0125H/LT0127H Liquid level cavity helium vessel
Alarm: LOW
Setpoint: 75% (low level alarm) and MPS interlock signal




[bookmark: _Toc308179811]C.4.6.	Mass Flow Controllers
Mass flow controllers control the 5K circuit heat intercepts.
		
C.4.7.	Fundamental Power Coupler Window Heater


C.4.8	MACHINE PROTECTION INTERLOCK CHAIN 5-CELL CAVITY
The machine protection interlock chain will trigger a relay that is tied to machine protection system.

The following are process variable that shall be operator adjustable:

Liquid level reservoir LT0125H low limit
Beamtube end flange TE2028H High limit
Tunerside end flange TE1123H High limit
FPC#1 cold end flange TE2029H High Limit

Anyone of the above trips will trigger the CRYOSTATUS interlock to machine protection.

C.5	ERL 704MHz SRF Gun Cryostat and valvebox System
General description:
The superconducting RF gun is enclosed in a helium vessel and is connected to an approximately 150 Liter reservoir via a 3 inch line. The cavity system has a low design pressure of 23 psia or 8 psig. The burstdisk is set at 8 psig with a relief valve at 5 psig. Care should be taken during cooldown to keep the pressure in the cavity helium volume below the 5 psig relief pressure. The recommended method is to run the sub-atmospheric pumping system, with just the liquid ring pumps during cooldown.
There system has a liquid helium top fill valve and bottom fill/cooldown valve, a refrigeration recovery heat exchanger and vapor return control valve. The cryostat has liquid nitrogen cooled thermal shield supplied by a liquid nitrogen control valve.
[bookmark: _Toc308179813]
C.5.1	Level Control Valve H1405A
	This will liquid control level by controlling the supply helium delivered from the cryoplant/storage dewar via refrigeration recovery heat exchanger HX3300. 
	Because the vacuum pumping system does not have unlimited capacity, there will be a cascade loop to close the fill valve when the desired operating pressure is exceeded. The system has the largest peak 2K cooling capacity when there is no flow from the fill (level) valve, which means during this mode the liquid inventory is drawn down.
	During filling the net cooling capacity will be reduced, thus filling can only occur when there is no dynamic load dissipation from the cavity.

Process variable: Level sensor LT0400H A/B
Action: Reverse. Open valve on decreasing level
High limit for valve opening: Cascade loop from bath pressure and Vapor return valve H3342A has reached greater than 90% open position. 

Cascade loop: decreases the high limit for the valve position opening with increasing bath pressure
[bookmark: _Toc308179814]C.5.2	Helium Bath Pressure Control Valve H3342A

The vapor return valve will be on pressure control loop of the bath pressure sensor.
Process variable: Pressure PT1400H
Action: Direct.  Open valve on increasing pressure.
LOW LIMIT for valve opening: 12%
HIGH LIMIT for valve opening: 100%

[bookmark: _Toc308179815]C.5.3	Cooldown/bottom fill Valve H1404A
The cooldown valve will be manually controlled by the operator. 
There shall be a valve position HIGH LIMIT to prevent the operator from inadvertently opening the valve too much. (i.e. The high limit has to work when the valve is in manual mode) 

[bookmark: _Toc308179816]C.5.4	Vapor space Cross-over valve H3535A
This valve will be manually operated by the operator. The valve serves allow vapor on the cooldown supply line to vent the boil off on the supply side of this cooldown line. This will prevent a trapped volume from building a vapor bubble and pusing back through the superfluid bath at the bottom of the cavity helium vessel at the cooldown inlet.    
Open this valve after (using) the cooldown valve H1404A is closed.

C.5.5	LN2 Cooled Thermal Shield Control valve N3303A
A control valve supplies liquid nitrogen from the main LN2 feed to the thermal shield of the SRF Gun cryostat. The valve will be temperature controlled off sensor TE403N.

[bookmark: _Toc308179817]C.5.6	Instrumentation

Pressure SRF Gun Reservoir  (PT1400H, 50 Torr)
This will also be used to control the vapor back pressure valve H3342A.
Alarm: High
Setpoint: 30 Torr (Lambda point pressure)

Pressure SRF Gun Reservoir (PT1401H   30 PSIA)
Alarm: High
Setpoint: 18.7 psia (close to relief pressure warning)

LT400H A/B
Measures helium liquid level in the 
Alarm: HIGH
Setpoint: 95% (overfill alarm)
Alarm: LOW
Setpoint: 5% (low level alarm)

C.5.7	5K Intercep circuits Mass Flow Controllers
Five MKS mass flow controllers, operating at room temperature, control the following 5K intercept flows through the following devices. The intercepts get the 5K, 3 atm helium from the subcooler, the same flow that goes to the cavity. 
	Devices
	Flow indication
	Flow setpoint

	HTS Solenoid
	FE3318H
	H3544E

	FPC-1
	FE3317H
	H3543E

	FPC-2
	FE3316H
	H3542E

	End flange upstream
	FE3315H
	H3541E

	End flange downstream
	FE3314H
	H3540E




C.5.8	Fundamental Power Coupler Window Heaters
Each 500 kW power coupler windows feedthrough is kept at room temperature by redundant electric Kapton sheet heaters: HTR-408 and HTR-409
Each heater is controlled by a temperature controlled loop using RTD mounted next to the heater and on the window.
Heater indicator controller, HIC-408, will control HTR-408 using TE-426H.
Heater indicator controller, HIC-409, will control HTR-409 using TE-427H.

C.5.9	Boil-off Heater HTR-400
A 50 W boil-off heater mounted at the bottom of the cavity helium vessel, can be turned on to boil-off any liquid for shutdown. The operator can set the duty factor. Temperature sensor TE410H is set to trip the heater off when a high limit has been reached.

C.5.10	MACHINE PROTECTION INTERLOCK CHAIN SRF GUN CAVITY
The machine protection interlock chain will trigger a relay that is tied to machine protection system.

The following are process variable that shall be operator adjustable:

Liquid level reservoir LT400H low limit
Beamtube end flange TE413H High limit
Tunerside end flange TE400H High limit
FPC#1 cold end flange TE411H High Limit
FPC #2cold end flange TE412H High Limit
Cathode Cooling loop Low flow or Low liquid level

Anyone of the above trips will trigger the CRYOSTATUS Interlock to machine protection.


C.6	Cold Cathode Cooling Loop

The cold cathode is cooled by a liquid nitrogen loop. Heat transfer is by forced convection nucleate boiling. To supply good quality liquid, a small phase separator is used to separate liquid from the LN2 main line. The liquid is then delivered to the cathode tip and return for venting. The returned 2-phase liquid nitrogen is heated to evaporate all the liquid before venting. Supply pressure to the cathode loop is maintained by back pressure control valve N3310A. Liquid supply into the phase separator is controlled by level control valve N3307A.

C.6.1	Liquid level Control Valve N3307A
 Process variable: Level sensor and controller LIC3300N
Action: Reverse. Open valve on decreasing level
High limit for valve opening: 90% TBD.

C.6.2	Pressure Control Valve N3310A
 Process variable: Pressure sensor PT3320N and PID loop PT3320N
Action: Direct. Close valve on decreasing pressure level
High limit for valve opening: 100%.
Setpoint: 15 psig
 
C.6.3	Heater HTR-423
The vent heater is controlled by an independent panel mounted controller. One sensor is used for heater control and the other sensor that is built into the heater sheet, is used as the overtemp switch. The heater power will be controlled to vaporize all the LN2. Temperature is controlled with TT3307N at 90K

C.6.4	Instrumentation



C.6.4.1	Pressure Phase Separator (PT3320N, 100 psia )
Alarm: High   Setpoint: 45 psia

C.6.4.2	Temperature: Cathode supply: TT3302N
	Monitors supply temperature to cathode stalk.
	Should read saturation temperature of phase separator.

C.6.4.3	Temperature: Cathode Return: TT3301N
	Monitors return temperature from cathode stalk.
	Should read saturation temperature of return 2 phase flow

C.6.4.4	Temperature: Heater exit: TT3307N

	Vaporizes all the liquid and should read just superheated, 90K gas.
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TT1784H is the Inlet Feed to the Coils and the reference temperature.




