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[bookmark: _Toc305443442][bookmark: _Toc317173603]Scope and Purpose
This document addresses the measurement of the residual resistivity ratio (RRR) for all metals.  In particular, this document addresses the special RRR measurements for superconducting niobium and the steps required by its superconducting transition.  These techniques can be generalized to all other metals that do not exhibit a superconducting transition without loss of data accuracy or integrity.  
This scope does not extend to superconducting strands, such as copper-clad Nb-Ti or Nb3Sn wire.  Separate international standards govern the RRR test for those materials.
[bookmark: _Toc317173604]Location of and Authority over Operations
The RRR test stand is presently located in the Inspection and QC Laboratory in Industrial Center Building, 1st floor SW.  The RRR test stand is operated under the management of the Superconducting Materials Department (SMD).  
[bookmark: _Toc305443446][bookmark: _Toc317173606]Roles, Responsibilities, Authorities, and Accountabilities
Operations
The RRR test stand is a simple experimental test stand that does not need a detailed hierarchy of management.  The laboratory technician assigned to the ICB Inspection and QC Lab will assume responsibility for maintaining the RRR test stand, operating the test stand, logging operations, and reporting results.  The laboratory technician will oversee scheduling operations by other authorized users, and will notify the Head of the Superconducting Materials Department (SMD) when work is requested by other users.  The laboratory technician will also oversee ordering and use of cryogens.  The laboratory technician is accountable to the SMD Head for these responsibilities.  
The Head of the SMD has authority over all operations.  The SMD Head has responsibility to review all training and ensure that only authorized users operate the test stand.   
Authorized Users (also Operators)
A detailed authorization procedure is not necessary for the RRR test stand.  All operators must be reviewed by the SMD Head for competency, training, awareness of hazards, and possible on-the-job training.  A list of operators who have been reviewed and are authorized to perform measurements will be kept by the SMD Head.
The nature of operations is such that many technical workers competent in the use of electronic data acquisition equipment, the use of cyrogens and cryogenic test stands, and in electrical measurements of materials can perform work safely.  This potentially encompasses a significant portion of Technical Division staff.
[bookmark: _Toc317173607][bookmark: _Toc305443447]Requirements for Operation 
Operating manuals, calibration, and maintenance
The electronic data acquisition system is documented in the annex to TD ES-5500-371109.  This includes the operation manuals for the volt meters, warm-up times, data acquisition software, maintenance and calibration schedule, and other aspects.  Operators shall review these documents prior to beginning operations.
Precautions
The following hazards have been identified, and controls have been put into place to ensure safe operations:
· Cryogens:  Liquid helium and liquid nitrogen may be used to obtain measurements at low temperatures.  Training in cryogen handling is required.  PPE includes safety glasses and cryogenic gloves when handling cold test probes, and face shield, apron, and proper placement of other garments (pants over boot collar) when operating liquid nitrogen dewars.  The test apparatus has been designed so that it can be inserted directly into a transport helium dewar much like a transfer siphon.  On-the-job training is required to verify proper use of the probe and insertion into the dewar to prevent excessive boil-off and pressurization.  Adequate relief valves are supplied with the dewar, however operational delay and excessive use of expensive liquid helium may result from mis-use.  TD ES-5500-371109 covers procedures for the test probe.  
· Oxygen deficiency hazard due to cryogen boil-off:  The laboratory has been equipped with an oxygen detector, which will alarm during an oxygen deficient condition.  Procedures restrict dewar volume to 60 L to minimize potential boil off.  In addition, ODH calculations have been performed for this laboratory, and these show safe operations (ODH-0) for up to 500 L helium present when used in conjunction with wall-mounted vents.  An updated ODH calculation has been provided with the ORC documentation.
Training
All authorized operators must be current in the following training
· Basic Computer Security [FN000374/CB/01] 
· Computer Workstation Ergonomics [FN000324/CR/01]
· Hazard Communication [FN000156/CR] 
· [FN000115/CR] Cryogenic Safety (General)
· [FN000213/CR] Compressed Gas Cylinder Safety
· (Strongly recommended) [FN000029/CR] O.D.H. Training
Casual Fermilab visitors in the room shall be escorted by an authorized operator.
Work Logging Requirements
The RRR operation does not have a logbook.  Work shall be logged in individual lab notebooks.  Since much of the data is reported on material travelers associated with SRF cavities, the necessary traveler form shall be filled out as soon as possible after the measurement.  Minimum information is described in TD ES-5500-371109, and in any case shall include:
· The date of the RRR activity
· The operator’s name
· The operator’s ID number
· The operator’s extension
· Each specimen being analyzed; type of material; including an ID number if any
· The dimensions of the specimen
· The separation of voltage probes
· The location of the computer files generated by the DAQ software, which record voltage and current as a function of temperature
· Any comments related to system maintenance
The logged information must provide traceability to the operator, traceability of the specimen, and traceability to the day/time of the operation.
[bookmark: _Toc317173608][bookmark: _Ref317173673]Procedures
[bookmark: _Toc317173605]Procedures are Governed by International Standards
The RRR test is a common measurement of material purity.  As such, this test is widely applied as a certification of material purity throughout the world.  At Fermilab, the most common use of the RRR test is to assure compliance with specifications for superconducting niobium used in the fabrication of SRF cavities.  A particular sheet lot may comprise millions of dollars in procurement, with significant implications on projects and operations.  To ensure consistency with other laboratories and international projects, an international standard test procedure has been developed.  Fermilab is a member of the International Electrotechnical Commission (IEC) Technical Committee 90 (TC-90), which governs superconductivity.  Working Group 4 (WG4) of IEC TC-90 is presently considering the Fermilab procedure described in FNAL ES-5500-371109 for adoption as the international standard.
FNAL ES-5500-371109 can be used for all other metals in addition to superconducting niobium.   
Operators must always perform work in compliance with this international standard. 
Fermilab RRR Procedure
The procedure below provides compliance with international standards when the samples are typical of those prepared by Fermilab machine shop, with approximately 3.0 mm x 3.0 mm x 60 mm dimensions and clean and smooth surfaces.  These dimensions can change without altering the test procedure within the guidelines of FNAL ES-5500-371109. 
Many circumstances are known where the procedure might not produce a test result in compliance with the international standard.  Operators are authorized to deviate from the enumerated procedure below in order to comply with international standards, provided that the requirements set forth in section 5.3 are then met.  At any step, if it is not clear how to proceed, the Head of the QC and Materials Science Group or the Head of SMD shall be consulted; these are the subject matter experts.
Before beginning the procedure below, arrange for a 60 L helium dewar.  It is possible to use larger helium dewars, however this introduces a height hazard as well as alters the oxygen deficiency calculation.  
1. Wear safety glasses.
2. Wear gloves to handle all niobium specimens.  Gloves can be made of nitrile, latex, vinyl, or clean cotton.  The intention of the gloves is to protect skin from possibly sharp edges from machining, and to prevent the niobium surface from fingerprints and oils.
3. Verify that all electronics have been warm for 12 hours, per the instruction manual for the sourcemeter and the nanovoltmeter.
4. Review the standard TD ES-5500-371109.  Annex A outlines the design of the RRR test probe and provides pictures for steps below.
5. Clean the surface of the niobium in accordance with section 7 of the standard.  
6. The Lab View program is off (not in operation) at the beginning of the test.
7. Mount the sample in the RRR test probe so it is pressed against the 2 spring loaded push pins. The two spring-loaded push pins are where the voltage reading takes place.  
8. Mount the two small rectangular copper clamps are put on each end of the sample (one clamp per each end) and secured to the sample via a small Allen screw.  The copper clamps are the current connection to the sample.
9. If necessary, insert a copper spacer that further presses the sample into the push pins and prevents the sample from moving. Spacers are covered with an insulating tape to prevent short-circuit with the sample.  Verify that the tape is clean, free from pinholes, and covers the entire length of the spacer.  
10. The niobium sample and copper spacer are now secured in the sample holder.  Install the thin copper shroud over the sample and around the holder, taking care that the sample is not contacted.
11. The sample holder + shroud assembly has a connector at one end.  Plug this connector to the connector at the end of the probe support tube. Then, insert assembly into the tube being careful not to pinch any wires. Voltage is off at this time.
12. Connect the probe to the test stand electronics using the dedicated cables.
13. Record the room temperature.  Take note of the correction Eq. (2) of the standard.
14. Start the LabView program.  Enter a current value of 1.0 A.  The program will automatically acquire voltage data for forward and reverse current as well as a temperature reading about every 15 seconds.  If the software indicates error, abort this procedure and troubleshoot the error, then begin at step 1.
15. Monitor the initial data at room temperature.  A voltage of 0.1 to 1.0 mV should be typically observed.  
16. Attach the large binding clip to the probe near the bottom, just above the closed end containing the sample holder assembly.
17. Put on cryogenic gloves (you should already be wearing your safety glasses).
18. Make sure the dewar vent valve is open (this valve should always be open anyway when the dewar is idle).  The vent valve remains open for the entire operation, since boiling helium will be vented through this valve.
19. The dewar valve is still closed at this time. Holding the sample tube, insert the sample tube into top of helium dewar.  Open the valve and slowly insert the tube further into the helium dewar. The large binding clip will prevent the tube from sliding down into the dewar. Lower the tube into the dewar at a rate of 5 inches every 5 minutes or so. 
20. Use the lab view program to monitor temperature as tube is lowered.
21. Continue lowering the tube until temperature reaches 4.2 K. This indicates contact of the probe with liquid helium.  Once temperature has reached 4.2 K, raise the tube up until temperature is around 6 Kelvin, and let the temperature stabilize.
22. At this time, restart the lab view program and begin the test. Lab view will turn on the current and read the voltage across the sample, and then turn the current off to prevent heating of the sample. This is done at a 15 second intervals.  
23. Slowly raise the sample probe tube up so that the temperature gradually increases. Raise the tube upwards at a rate of 3mm every 15 seconds or so. The critical region of interest is between 8K and 15K. The transition from superconducting to non superconducting should occur around 9.3 Kelvin as read by the RTD temperature sensor. This transition temperature does vary from time to time due to the different locations of the niobium sample and the RTD temperature sensor and the thermal gradients and offsets in the probe.  If the apparent critical temperature is less than 9.0 K or greater than 10.5 K, consult the subject matter expert.  
24. Continue raising the sample probe tube.  The lab view program will monitor voltage, current and temperature as the tube is raised up. This is done over a period of 18 to 25 minutes, so lab view can record changes of voltage, current and temp. 
25. Once the probe is raised near the top of the dewar, the operator will be able to keep the end of the tube in the top of the opening and yet still be able to close the valve of the Dewar.
26. Let the probe continue to warm up until the temperature reading is above 275 K.  At this point the dewar is closed and no helium gas is escaping.
27. The probe can now be extracted from the top of the dewar.  At 275 K the end of the tube may still be cold so gloves should still be worm as a precaution.
28. Let the tube warm up to room temperature or 300K and then the test can be stopped.
29. The LabView program is now off.  Remove the probe and sample by following steps 8-13 above in reverse order.
30. Record the data file name along with the sample ID, date of test, and operator name in laboratory notebook.
31. Analyze the data per the instructions in the international standard.  
32. Record the test data information required by the international standard in laboratory notebook.
33. If the sample corresponds to a batch for which a material traveler has been issued, enter the appropriate information into the traveler.
34. Leave the electronics powered up.  Store the test probe or ready it for the next sample.
[bookmark: _Ref317174511]Requirements for deviations from the procedure
When additional steps are called for, consultation with the SMD Head shall occur, and approval of changes shall be sought.  The procedure actually followed shall be documented with the sample test in such a way that the modified procedure can be repeated entirely.  
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ANNEX A
LIST OF AUTHORIZED USERS / OPERATORS
Authorizing Agent:  Lance Cooley, Superconducting Materials Department Head, x6797
Laboratory Manager:  Dmitri Sergatskov, x2409
*Authorization is valid for one year after the date of authorization.
**By signing this document, the person attests that they have read and understood this operation plan.
	Name & ID No.
	Signature**
	Date Authorized*

	Rob Schuessler
(Inspection and QC Lab tech)
	
	

	Alex Dzyuba
	
	

	Lance Cooley
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ANNEX B
ODH REVIEW
-------- Original Message -------- 
	Subject: 
	Re: ODH revision for ICB lab

	Date: 
	Thu, 8 Mar 2012 15:57:05 -0600

	From: 
	Thomas J Peterson <tommy@fnal.gov>

	To: 
	Lance D Cooley <ldcooley@fnal.gov>

	CC: 
	Romesh C Sood <sood@fnal.gov>, Robert G Schuessler <bschuess@fnal.gov>, Richard C Ruthe <ruthe@fnal.gov>, Dmitri A Sergatskov <das@fnal.gov>, Thomas J Peterson <tommy@fnal.gov>




Hello Lance,  
The "Helium and Nitrogen ODH Analysis for ICB Engineering Laboratory" found that the release of the contents of one full 150 liter LN2 dewar could provide a somewhat reduced oxygen level in the room, but the probability of a full release, dominated by the assumption of 81 transfers per year through foam hoses, was low enough that the result was ODH-0, even without special ventilation.  If you either do less than 81 transfers from the LN2 dewar or do the transfers into the bucket outside of the room, the ODH-0 rating is retained.  
The 60 liters of liquid helium are not enough to dilute the oxygen level in the room to a fatality factor more than zero; there is no ODH hazard from that little helium.  For more liquid helium, we could have a situation like before, where triggered ventilation is required for ODH-0.  
ODH does not appear to be a problem for the operations which you describe, but we should create a revised ODH document to archive this finding for our records.  I'll see that this is done soon.  
Regards,
Tom 
References:  
"Helium and Nitrogen ODH Analysis for ICB Engineering Laboratory", by Tom Peterson, dated 7 August 1991, with revision dated 31 October 1991.  This analysis was reviewed for a change in operational procedures by Tom Nicol, dated 18 January 2006.  



On Feb 15, 2012, at 9:38 AM, Lance Cooley wrote:
Hi Tom,

Recently I asked for a review of the ODH calculations for the ICB laboratory, where superconducting strand testing was previously located.  Several operations will be coordinated in the laboratory, bringing together the total of possible oxygen-depriving sources listed below.  Some of these operations are in the process of ORC or requests for ORC.  Based on the previous use of the lab, I am fairly certain that ODH-0 conditions will continue.  Could I get a response in a week or so?

Also, the oxygen sensor / alarm has been retained in this laboratory and is in proper working order.

The following are the oxygen-depriving sources:
1  up to 2 standard gas cylinders of argon, used for purge gas for laser melting.  At this time, we do not plan to use liquid argon.
2. One standard 160 L dewar of liquid nitrogen, although normal operations will use a 20 L nitrogen bucket filled from the dewars located outside ICB
3.  One transport dewar containing 60 L of liquid helium, used for RRR tests.  At this time, we are not ready to commission a larger 10-sample probe that will require a test dewar and possibly a larger transport dewar.  I seek you opinion on this point - will this be a future problem?

Thank you

Lance

-- 
Lance Cooley, Ph.D. F.Inst.P.
Head, Superconducting Materials Department
Technical Division, Fermi National Accelerator Laboratory
+1 630-840-6797
ldcooley@fnal.gov

Thomas J. Peterson
Fermilab, Technical Division
630 840 4458
tommy@fnal.gov 
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