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SCOPE AND PURPOSE OF THIS DOCUMENT
1. In the following, step by step instructions are summarized for cryogenic operations of the Teslatron 1, Teslatron 2, Teslatron 3 and Teslatron 4  systems. These cover pre-cooling of the system to 77K, the final cooling to 4.2K, the warming up and liquid helium transfer procedures. All valves and gauge numbers refer to the P&ID schematics (drawing # 5525.000-MD-483704). Teslatron s are  located in IB3a, whose working procedures abide by TD-7030A, “Technical Division Procedures for Working in Industrial Building #3A”, Nov. 26, 2012. This includes wearing at all times the appropriate personnel protective equipment. 

REFERENCED DOCUMENTS
The following documents are referenced in this document.  Many are associated with the controlled document section overseen by the Cryogenic Safety Panel

1. TD 1140 – TD Policy for Operational Readiness Clearance
2. TD-7030-A  Policies for working in Industrial Building #3-A
3. TID-N-386 - IB3-A Strand and Cable Engineering Lab ODH Analysis
4. TD-5220-OP-464131General activities in IB3-A lab
5. CSP Provisional Note (attached)
6. Drawing TD-5225.000-ME-483704, Teslatron Piping System P&ID
7. Teslatron operating manuals from manufacturer (Oxford Instrument).
8. SRCD-G-4 FMEA on https://sharepoint.fnal.gov


GENERAL DESCRIPTION OF OPERATIONS
1 Pre-cooling and Cooling the Teslatron 1 System 


1. Evacuate vacuum insulated chamber using the Dupont leak detector pump before initiating the pre-cool down procedure. The chamber pressure will typically reach 5.6·10-6 Torr.
2. Make sure that the resistance between all pins on the electrical connectors is as expected. The magnet windings should be electrically insulated from all other wiring to greater than 1 MΩ and ∞ to ground. 
3. Close T-valve HV-111 from main bath to outside vent.
4. Close HV-116 VTI vent valve
5. Open main manifold valve HV-115 to pump.
6. Turn on mbar gauges PI-170,171,172.
7. Connect Helium gas tube to fitting at HV-102 and close valve at fitting (use about 3 psi helium pressure).
8. Open lambda fridge needle valve HV-190 and VTI needle valve HV-180.
9. Turn on vacuum pump.
10. Open main bath manifold valve HV-112 as well as HV-113 and HV-114.
11. When all gauges read below 30 mbar, close main bath manifold valve HV-112, as well as HV-113 and HV-114. 
12. Open Helium gas flow valve HV-102.
13. When gauges PI-170,171,172 read 1000 + mbar close Helium gas flow valve HV-102.
14. Repeat steps 7-10 six more times.
15. After 6 pump and purge cycles, close main manifold valve HV-115 to vacuum pump and turn pump off.
16. Close lambda fridge needle valve.
17. Open T-valve HV-111from main bath to outside vent, and open red handle bypass valve HV-101.
18. Insert liquid nitrogen transfer tube into main bath fill tube, insuring the tube is inserted into the siphon cone at the bottom, and connect to liquid nitrogen dewar liquid fitting.
19. Open liquid valve on supply Dewar slightly to start transfer. 
20. Monitor magnet temperature.
21. After magnet temperature reaches 78K, continue to fill for 1 hour or until Dewar is empty.
22. After main bath is filled, close supply Dewar liquid valve, HV-111 and HV-101. Do not disconnect transfer tube from Dewar.
23. Leave system cool for 24 hours.
24. Open HV-111 and HV-101 to relieve pressure in main Dewar bath.
25. Disconnect transfer tube from supply Dewar and place tube in cryo-box.
26. Close HV-111 and HV-101.
27. Open helium gas valve HV-102 below main bath gauge to push out liquid nitrogen from transfer tube.
28. Continue gas flow until liquid is completely out of bath.
29. Remove transfer tube from main bath, close HV-102 and replace transfer tube cap.
30. Allow magnet to warm to 80-85K to insure all nitrogen liquid has boiled off.
31. Repeat steps 3-14.
32. Begin liquid helium transfer procedure.

[bookmark: _Toc317857833]Pre-cooling and Cooling the Teslatron 2 System 


1. Evacuate vacuum insulated chamber using the Dupont leak detector pump before initiating the pre-cool down procedure. The chamber pressure will typically reach 5.6·10-6 Torr.
2. Make sure that the resistance between all pins on the electrical connectors is as expected. The magnet windings should be electrically insulated from all other wiring to greater than1 MΩ and ∞ to ground. 
3. Close T-valve HV-211 from main bath to outside vent.
4. Close HV-217 VTI vent valve.
5. Open main manifold valve HV-215 to pump.
6. Turn on mbar gauges PI-271, 272, 273.
7. Connect Helium gas tube to fitting at HV-202 and close valve at fitting (use about 3 psi helium pressure).
8. Open lambda fridge needle valve HV-290 and VTI needle valve HV-280.
9. Turn on vacuum pump.
10. Open main bath manifold valve HV-212 as well as HV-213 and HV-214.
11. When all gauges read below 30 mbar, close main bath manifold valve HV-212, as well as HV-213 and HV-214.
12. Open Helium gas flow valve HV-202.
13. When gauges PI-271, 272, 273 read 1000 + mbar close Helium gas flow valve HV-202.
14. Repeat steps 7-10 two six times.
15. After 6 pump and purge cycles, close main manifold valve HV-215 to vacuum pump and turn pump off.
16. Close lambda fridge needle valve.
17. Open T-valve HV-211from main bath to outside vent, and open red handle bypass valve HV-201.
18. Insert liquid nitrogen transfer tube into main bath fill tube, insuring the tube is inserted into the siphon cone at the bottom, and connect to liquid nitrogen dewar liquid fitting.
19. Open liquid valve on supply Dewar slightly to start transfer. 
20. Monitor magnet temperature.
21. After magnet temperature reaches 78K, continue to fill for 1 hour or until Dewar is empty.
22. After main bath is filled, close supply Dewar liquid valve, HV-211 and HV-201. Do not disconnect transfer tube from Dewar.
23. Leave system cool for 24 hours.
24. Open HV-211 and HV-201 to relieve pressure in main Dewar bath.
25. Disconnect transfer tube from supply Dewar and place tube in cryo-box.
26. Close HV-211 and HV-201.
27. Open helium gas valve HV-202 below main bath gauge to push out liquid nitrogen from transfer tube.
28. Continue gas flow until liquid is completely out of bath.
29. Remove transfer tube from main bath, close HV-202 and replace transfer tube cap.
30. Allow magnet to warm to 80-85K to insure all nitrogen liquid has boiled off.
31. Repeat steps 3-14.
32. Begin liquid helium transfer procedure.

 Cooling the Teslatron 3 Cryostat 


1. Evacuate vacuum insulated chamber using the Dupont leak detector pump before initiating the pre-cool down procedure. The chamber pressure will typically reach 5.6·10-6 Torr.
2. Make sure that the resistance between all pins on the electrical connectors is as expected. The magnet windings should be electrically insulated from all other wiring to greater than 1 MΩ and ∞ to ground. 
3. Close T-valve HV-311 from main bath to outside vent.
4. Open main manifold valve HV-315 to pump.
5. Turn on mbar gauge PI-371.
6. Connect Helium gas tube to fitting at HV-302 and close valve at fitting (use about 3 psi helium pressure).
7. Turn on vacuum pump.
8. Open main bath manifold valve HV-312.
9. When all gauges read below 30 mbar, close main bath manifold valve HV-312.
10. Open Helium gas flow valve HV-302.
11. When gauge PI-371 reads 1000 + mbar close Helium gas flow valve HV-302.
12. Repeat steps 7-10 two more times.
13. After 6 pump and purge cycles, close main manifold valve HV-315 to vacuum pump and turn pump off.
14. Begin liquid helium transfer procedure.

 Pre-cooling and Cooling the Teslatron 4 System 


1. Evacuate vacuum insulated chamber using the Dupont leak detector pump before initiating the pre-cool down procedure. The chamber pressure will typically reach 5.6·10-6 Torr.
2. Make sure that the resistance between all pins on the electrical connectors is as expected. The magnet windings should be electrically insulated from all other wiring to greater than 1 MΩ and ∞ to ground. 
3. Close T-valve HV-411 from main bath to outside vent.
4. Open main manifold valve HV-415 to pump.
5. Turn on mbar gauges PI-471, 472, 473.
6. Connect Helium gas tube to fitting at HV-402 and close valve at fitting (use about 3 psi helium pressure).
7. Open lambda fridge needle valve HV-490.
8. Turn on vacuum pump.
9. Open main bath manifold valve HV-412 as well as HV-413.
10. When all gauges read below 30 mbar, close main bath manifold valves HV-412 and HV-413.
11. Open Helium gas flow valve HV-402.
12. When gauges PI-471, 472, 473 read 1000 + mbar close Helium gas flow valve HV-402.
13. Repeat steps 7-10 six more times.
14. After 6 pump and purge cycles, close main manifold valve HV-415to vacuum pump and turn pump off.
15. Close lambda fridge needle valve.
16. Open T-valve HV-411from main bath to outside vent, and open red handle bypass valve HV-401.
17. Insert liquid nitrogen transfer tube into main bath fill tube, insuring the tube is inserted into the siphon cone at the bottom, and connect to liquid nitrogen dewar liquid fitting.
18. Open liquid valve on supply Dewar slightly to start transfer. 
19. Monitor magnet temperature.
20. After magnet temperature reaches 78K, continue to fill for 1 hour or until Dewar is empty.
21. After main bath is filled, close supply Dewar liquid valve, HV-411 and H-401. Do not disconnect transfer tube from Dewar.
22. Leave system cool for 24 hours.
23. Open HV-411 and HV-401 to relieve pressure in main Dewar bath.
24. Disconnect transfer tube from supply Dewar and place tube in cryo-box.
25. Close HV-411 and HV-401.
26. Open helium gas valve HV-402 below main bath gauge to push out liquid nitrogen from transfer tube.
27. Continue gas flow until liquid is completely out of bath.
28. Remove transfer tube from main bath, close HV-402 and replace transfer tube cap.
29. Allow magnet to warm to 80-85K to insure all nitrogen liquid has boiled off.
30. Repeat steps 3-14.
31. Begin liquid helium transfer procedure.

1. 
0. 
0. Liquid Helium Transfer Procedure (All Systems)

1. Install adapter fitting to the Liquid withdraw valve at the top of the 500L dewar.
2. Slide AN collar to within 12 inches of bottom of supply end bayonet.
3. Use appropriate PPE’s (cryo gloves, cryo apron and visor).
4. Insert bayonet into previously installed adapter on liquid withdraw valve at top of dewar.
5. Slowly open valve and insert bayonet until AN collar contacts fitting, tighten collar to fitting.
6. Very slowly insert bayonet into dewar until the 3 psi relief valve begins to relieve, then stop inserting bayonet until relief valve stops venting. Continue this approach until the bayonet is completely installed.
7. Install flexible section of transfer line to supply bayonet.
8. Install GHe adapter to gas valve on side of dewar neck and attach Helium gas line from Helium Gas bottles.
9. Set Gas bottle regulator PRV-600 to 3 psi, open HV-605 and HV-601.
10. Open HV-111 and HV-101. 
11. Open valve at the very top of the transfer line bayonet and close the isolation valve at the 3 psi relief valve on supply dewar and open helium gas valve on dewar neck.
12. Be very careful of the cold gas venting from transfer line.
13. When saturated vapor is present at transfer line tip unscrew cap on Teslatron fill port and insert transfer line at least 12 inches into Teslatron.
14. Monitor liquid level at Oxford liquid level controller located in system relay rack.
15. When 96%+ is achieved, (this could as long as 1.5 hours for cool down from 78K) stop transfer.
16. Close valve at top of transfer line.
17. Remove transfer line from Teslatron fill port and cap port.
18. Close gas valve on supply dewar neck.
19. Open isolation valve at 3 psi relief on dewar.
20. Close Teslatron vent valves HV-111 and HV-101.
21. Close valve on top GHe bottle and HV-605 and HV-601.
22. In case of low pressure on the Helium gas line ( empty Helium Gas bottle) is allowed to use the internal heating system supplied with dewars to build pressure
0. VTI Needle Valve


To check for blocked / frozen needle valve

1 – Turn on pressure gage (PI 172 on T1 and PI 273 on T2). VTI vent valves, HV116, HV104 on T1 and HV217, HV204 on T2, should be closed.
2 – Open needle valve ¼ turn and watch for a rapid rise in pressure. No rise in pressure indicates a frozen needle. A slow rise in pressure indicates a partially blocked needle valve.

To clear a blocked or frozen needle valve

1 – Turn on VTI heater. In automatic mode, set the temperature to 280 degrees and open the VTI vent valve.
2 – When the VTI temperature reaches 280 degrees, connect the “blowout” device to the helium gas line. Set the regulator to 12 psi.
3- Open main bath vent valves HV111, HV101 on T1 and HV201, HV211 on T2, to relieve pressure in main bath.
4 – Remove needle valve and, with gas flowing, insert blowout device into needle valve port.
5 – When the pressure gage shows a rise in pressure, open VTI vent valve HV116 on T1, HV217 on T2.
6 – With gas still flowing in needle valve port, warm up and dry off the needle valve.
7 – Remove blowout device from VTI port and reinstall needle valve.
8 – Disconnect blowout device from the gas line and reduce the regulated pressure.

[bookmark: _Toc317857835]Warming up the Teslatron Systems

1. Make sure that there are no trapped volumes of liquid, gas or condensed solids inside the systems.
2. De-energize the superconducting magnet (if present) and unplug all power supplies.
3. Lambda-point refrigerators  (if present) must be closed down and pumped out or vented to the main helium reservoir
4. Variable temperature inserts, if available, must be closed down and sealed off. 
5. Once steps 1-4 are completed, the system can be left to warm up naturally. When the cryogens have all evaporated, the system will warm slowly to room temperature. 

PROBES AND SHORT SAMPLE OPERATIONS

[bookmark: _Toc317857837] Probe Installation and Sample Cool Down Procedure


1. With short sample probe hanging from crane over Teslatron system, remove VTI blank-off.
2. Center probe over VTI and carefully lower it. 

[image: F:\DCIM\101MSDCF\DSC04958.JPG]

3. Once the probe is completely inserted into the VTI, remove the probe from crane hook.

[image: ]

4. Align probe top copper flags with current leads. 
5. Secure probe to VTI with allen screws to VTI flange.[image: F:\DCIM\101MSDCF\DSC04959 - Copy.JPG]
6. Attach power leads to probe flags with copper backing plate and bolts making sure connection is tight.

[image: F:\DCIM\101MSDCF\DSC04966 - Copy.JPG]




[image: F:\DCIM\101MSDCF\DSC04960 - Copy.JPG]
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7. Attach instrumentation cables to probe.



8. Completely open (3 turns) the Needle Valve HV-180 (Teslatron 1) or  HV-280 (Teslatron 2) and open HV -116 (Teslatron 1) or HV-217 (Teslatron 2) to allow helium flow into the VTI and sample cooling.

[image: F:\DCIM\101MSDCF\DSC04974 - Copy.JPG]
9. Plug in the Power Supplies
10. Ramp up the magnet using appropriate ramp rates as reported in the Oxford Manual for each Teslatron System (“Superconducting Magnet System – Operator’s Handbook” available on the IB3a floor for each Teslatron System equipped with a SC magnet).
11. Perform short sample tests as appropriate according to the specific experiment, following appropriate standards (IEC 61788-1 Ed.2, IEC 61788-2 Ed.2 and IEC 61788-3 Ed.2).
[bookmark: _Toc317857838]Sample Warm Up and Probe Removal Procedure

1. With testing complete, close needle valve HV-180 for Teslatron 1 or HV-280 for Teslatron 2 and activate VTI heater on computer screen.
2. In itc503frontpanel.vi select Auto and click on Settings.
3. In the Setting window, enter 280 as a Set Point and hit OK.
4. Let the helium in the VTI burn off and watch the VTI and sample temperature rise.
	
[image: ]
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5. Unplug the Power Supplies.
6. Remove power leads from probe flags.
7. Remove instrumentation cables.
8. When VTI temperature reaches at least 150K and sample temp reaches at least 100K, the procedure for probe removal can be initiated.
9. Remove probe mounting screws and attach probe to crane hook.
10. At this time, use appropriate PPE (Cryo-gloves).
11. Making sure crane is aligned with VTI carefully remove probe.
12. Install VTI blank-off and secure.
[image: F:\DCIM\101MSDCF\DSC04970.JPG]
13. Turn off VTI heater by selecting Manual on itc503frontpanel.vi, then click Settings and make sure that both Set Point and Heater Output are set to 0.
14. Close vent valve HV-116 for Teslatron 1 or  HV-217 for Teslatron 2.
[image: F:\DCIM\101MSDCF\DSC04976 - Copy.JPG]
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1.0 GENERAL HAZARDS AND MITIGATION OF HAZARDS
A Failure Mode and Effect Analysis (FMEA) representing  the Hazard Analysis of the complete Cryogenic System has been submitted and reviewed by the Cryogenic Safety Panel. See SRCD-G-4 FMEA on https://sharepoint.fnal.gov
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