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SCOPE AND ENVELOPE OF GENERAL OPERATIONS
This document outlines the general activities that take place in Industrial Building 3 – Annex, on the first floor, in the Superconducting Strand and Cable Research and Development Laboratory (“SC-RDL”).  Activities generally take place in the north half of this laboratory.
The purpose of the SC-RDL is the investigation of basic properties, and the quality assurance and control, of superconducting strands and cables intended for use in superconducting magnets.  Other wires and cables can be investigated in the SC-RDL at the discretion of the SC-RDL Manager.  
The laboratory is equipped to handle, in addition, the testing of small coils and other small devices fabricated from strands and cables.  The laboratory also provides facilities for basic studies of superconducting strands, including reaction furnaces for heat treating strands and various pieces of equipment to monitor the changes in the physical characteristics of a strand.
The parameters below define the typical characteristics of the scope of activities.  Other activities can take place in the SC-RDL at the discretion of the SC-RDL Manager and/or the Superconducting Materials Department (SCMD) Head, provided that the activity is first given an appropriate hazard analysis (HA) and special operation review.  Such activities may require the approval of TD-HQ and the TD-SSO.  This includes any activity which contains a parameter outside of the range of typical parameters below.  Depending on the activity, the HA and review may be a simple verbal communication with the line management above, or it may require a detailed write-up and the issuance of an operational permit for a given time period.
· Typical wire dimensions are approximately 0.3 mm to 2.0 mm.  The range of acceptable wire diameter that can be tested is dependent on the design of experimental probes and the limit of power supplies, current leads, and other installed equipment.  Procedures that govern wire testing define the envelope of wire diameters.  Typical lengths of test specimens are 0.5 to 2 meters, taken from spools of much longer length.
· Cables typically contain 10-40 strands in this diameter range and can be in a flat (e.g. Rutherford, Roebel) or round (e.g. 6-around-1, Litz) geometry.  Often, ordinary wires are used in conjunction with superconducting wires.  Cables generally consist of the wires defined above.  Cables incorporating large amounts of metal stabilizer (e.g. cables stabilized by aluminum blocks) are not captured in this envelope.  Sometimes an assembly of a cable and a conducting material is called a “conductor”, e.g. a Rutherford cable embedded in an aluminum block.  Test specimens are typically between 1 and 2 meters in length.
· Test activities routinely occur at cryogenic temperatures in dedicated systems.  Temperatures can be as low as 1.5 K.  Test conditions above 400 K may cause damage to the equipment.   This is not accurate, as the only way to test at 4.5 K in He, which is still liquid, is by operating at 1.3 bar in the VTI. The VTI has a relief valve that opens at 1.34 bar. Superconducting systems require dewars of liquid helium and other supplies of cryogenic liquids.  These can create oxygen-deficiency hazards if too many dewars are located in the laboratory.  Document TID-N-386 defines the limits of cryogen volume that can be safely used in the lab.
· Test activities routinely apply up to 2 kA of electrical current at low voltage to the test probes.  Two of the Teslatrons are equipped with 2,000A power supplies, and two with 2,400A power supplies. Higher current requires modification of facilities.  No activities should produce voltage higher than 50 V.  Magnet current typically operates below 100 A. 
· Routine activities sometimes include the use of heavy, long probes.  Procedures for operations and the safe handling and transfer of these probes govern their use.  In general, probes are not longer than 2 meters or heavier than 20 kg.  Experiments that require very large or especially unwieldy probes shall be reviewed before proceeding. 
· Four tube furnaces equipped with retorts of 4-6” diameter are used for heat treatment of superconductors in argon and oxygen up to 1500ºC. A larger 2 m long furnace for heat treatment in air and in argon can reach 1250ºC.
· Strand heat treatments generally occur in air, vacuum (via a special retort), or inert gas (via boiloff of liquid argon within a special retort).  The retorts used for heat treatment of A15 materials in argon are made of stainless steel. For heat treatment of Bi-2212 in oxygen, one retort made of ceramic mullite and another made of quartz are currently used. Heat treatments are generally governed by separate operation procedures.  Heat treatments usually do not exceed 1000 °C.  Many samples can be heat treated at once, to the limit of physical space in the ovens and the configuration of isothermal zones.   (This statement may be redundant. The retorts are 150 mm in diameter, i.e. we already said that “to the limit of physical space”. And the homogeneous temperature area is at least 30 cm, but can be increased by optimizing the set temperatures.).Heat treatments of coils and larger or longer fixtures can occur in a dedicated 2-meter oven.  The use of this oven is governed by a separate procedure.  Other parts may be accommodated under that procedure as determined by the SC-RDL Manager or the SCMD Head.

APPLICABLE DOCUMENTS
· TD 1140 – TD Policy for Operational Readiness Clearance
· TID-N-386 - IB3-A Strand and Cable Engineering Lab ODH Analysis

R2A2 
The SC-RDL operates under the Superconducting Materials Department in Technical Division.  Clearance for all operations shall be approved by TD-HQ.  The SCMD Head has authority over operations and authorization of workers.  The SCMD Head is responsible for gaining commitment of all workers seeking authorization with policies and procedures in operations documents.  To this end, the SCMD Head may set training requirements and require on-the-job training until a suitable level of competence and commitment is attained.  The SCMD Head may stop operations or bar authorized workers from doing work for reasons of safety, health, environment, or quality according to Fermilab policies.

Daily operations shall be coordinated by a SC-RDL Manager, who shall report to the SCMD Head.  The SC-RDL Manager may be the Head of the Superconducting Strand and Cable Development Group, or these roles may be filled by separate persons.  The SC-RDL Manager shall have authority over scheduling of operations taking place in the laboratory, and shall be consulted by investigators when any new work item begins.  Investigators shall not begin work without consent from the SC-RDL Manager.  The SC-RDL Manager should be aware of all activities taking place in the laboratory at any given time, and should be able to summarize ongoing activities to line management on short notice.  In particular, the SC-RDL Manager shall serve as the primary point of contact for urgent or emergency situations pertaining to the laboratory.

Only authorized workers shall be permitted to do work in the SC-RDL.  Workers shall be re-authorized on an annual basis to ensure that training is up to date, to ensure that workers are aware of any changes to operations (including revisions to this document), and to assess any other needs.  The list of authorized workers shall be maintained by the SC-RDL Manager.  

To authorize new workers, the SC-RDL Manager shall first ensure that the required training courses have been completed.  An on-the-job training (OJT) mentor shall then be assigned, and limited duties can be accomplished by the new worker under the supervision of and with direct interaction by the mentor.  When the SC-RDL Manager is satisfied with the level of competence and is assured that the new worker is committed to policies and procedures established for work, the new worker shall be submitted to the SCMD Head for approval.  The SCMD Head shall review the training and OJT completed, and, if satisfied, shall approve the new worker and request that the worker be added to the list of authorized workers above.

GENERAL REQUIREMENTS FOR ALL ACTIVITIES
The following TD laboratory work policies apply:
· Safety glasses shall be worn at all times in the lab.
· No food or drink shall be consumed in lab areas.  An exception is the desktop space for technicians’ personal items and computer.  This desktop space shall not be used for lab work and shall be treated as separate from the other laboratory space.  Only closed drink containers shall be permitted in desktop area; the lunch / break room should be used for food.  
· Appropriate gloves shall be worn for any operations posing hazard to hands or fingers, per TD policies.
· Safety shoes and hard hats shall be worn for crane operation as spelled out by TD crane operation procedures.
· Proper laboratory clothing and shoes shall be worn at all times.  

Training (per section 6) includes:
· Compressed Gas Cylinder Safety [FN000213/CR/00] 
· Lockout/Tagout Level 2 [FN000212/CR/00]
· Back Works-Functional Activities Training [FN000335/CR/01]
· Computer Workstation Ergonomics [FN000324/CR/01]
· On-the-job training (OJT) 

Many activities can take place concurrently in the SC-RDL.  Meticulous housekeeping shall keep the laboratory space as clean as possible to prevent dust, debris, grits, shavings, filings, splinters, and any other hard particles from accumulating on any surface.  Such debris can cause injury as well as invalidate experiments or testing despite the best intentions of workers not to disturb other experiments.  Clutter shall be avoided.  Walkways shall be kept open as much as possible.  Storage of probes, use benchtop space, and provisions for other areas shall strive to be neat and tidy, to mitigate risks for accidents when multiple investigators perform activities in a common area.  Clean-up at the end of the day and end of the week, to restore the lab space to the best possible conditions, shall be a standard part of the work routine. Trash bins should be emptied regularly.

Many superconducting strands are brittle and delicate after heat treatment.  Particular care shall be applied regarding wires and cables that may be placed on bench tops or other surfaces.  Unless the state of the wire is known, workers shall consider the wires to be as brittle as glass, and shall use appropriate caution.

GENERAL DESCRIPTION OF THE WORK AREA
 (
Figure 1.
  
Floor plan of the SC-RDL.
  
)[image: ]Strand and Cable R&D work activities take place in the north half of the SC-RDL.  The ~6000 square feet laboratory was constructed in 2010.  A floor plan schematic is shown in Fig. 1.  

Photographs of the laboratory, circa 2011, appear in Fig. 2. In Fig. 2 left photo, facing south from the north end of the lab, the left wall is the exterior wall, adjacent to the IB3 parking lot, whereas the right wall communicates, through a number of doors, with the atrium that leads into IB3.  In the foreground on the photo are tube furnaces of 6 inches inner diameter used for heat treatment of superconductors.  Behind the furnaces on the right side of the picture is a series of working areas devoted to superconducting sample preparation for reaction, superconducting sample mounting for testing on different experimental setups, tables for assembly of test fixtures, etc., as well as cabinets for storage of supplies, parts and samples.  Five cryogenic systems are located along the left side of the room in the left photo in Fig. 2. Each cryogenic test setup uses its own data acquisition rack and PC. 

A close up of the Teslatron magnet systems is shown in the right photo of Fig. 2.  This view was taken from the opposite direction, facing north, and shows the cryogenic systems along the right wall.  The closest system shown in the picture foreground is designated as Teslatron 3, followed by Teslatron 2, then Teslatron 1 and Teslatron 4. These four systems were acquired from Oxford Instruments at various times, with the first procurement taking place in 1998 and the last in 2011. They all use vacuum insulated liquid helium dewars of 50 to 75 liters capacity with non-ASME coded pressure vessels. Teslatron 1, 2 and 4 house superconducting solenoids of 10 to 17 T field, whereas Teslatron 3 is just a cryostat. Teslatron 1 and 2 are equipped with vacuum insulated anti-cryostats or Variable Temperature Inserts (VTI’s) of ~ 2 liters capacity, fed by the helium in the main bath. VTI’s are used to perform variable temperature measurements and in any case allow saving helium during testing. On the closest end of the picture, not shown, is a low temperature cell loader, which was designed to operate at atmospheric pressure only, and which is sometimes used to calibrate strain gauges at room and liquid helium temperatures. A metrology well calibrator is used for accurate ovens’ thermocouple calibration up to 700ºC.

 (
Figure 2.
  
Views of the SC-RDL looking south from the north end of the laboratory (left photo) and looking north from midway along the east wall (right photo).
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The following is a brief description of the test facilities used to perform work.  The SC-RDL is currently equipped with five cryogenic systems. Each cryogenic test setup uses its own data acquisition (DAQ) crate and PC. Current capabilities presently range from 1875 A to 2,400 A. DAQ systems include current, voltage, temperature, magnetic field and helium level readings, as well as quench protection, with Teslatron 2 being equipped also with an integrator for magnetization measurements and a Rogowski coil for current measurements. All items are governed by individual operation procedures:
· Teslatron Systems 1, 2 and 4: These are superconducting magnet systems operating in a liquid helium dewar.  The dewars reside in pits below floor level, to facilitate ergonomic loading of test probes.  Substantial piping provides venting and pumping for helium.  The Teslatrons each require instrumentation racks to house magnet power supplies and sample power supplies, as well as data acquisition hardware.  Large bus bars are used for the sample power supplies to the test probes, as per appropriate electrical requirements, and current leads from OST connect the power supplies to the magnet systems.  Under operation at high field, stray magnetic field can extend far outside the immediate area of the visible hardware. The 5 Gauss line should be clearly marked around each of these systems to alert pacemaker carriers of the presence of a magnetic field.Teslatron Magnets (Teslatron 1, Teslatron 2):  These Teslatron magnets are the primary facility for testing critical current of superconducting wires and cables.  Teslatron 1and 2 house high field superconducting solenoids having respectively 15T/17T and 14/16T fields and 64 mm and 77 mm cold apertures The larger fields are obtained by operating a 2.2K Lambda fridge, which is coiled around the solenoid within the main cryostat. Teslatron 1 and 2 are equipped with vacuum insulated anti-cryostats, which are used to perform variable temperature measurements between 1.5 K and 300 K. Teslatron 3:  This is just a cryostat, which was used to test HTS helical coils.Large-bore Teslatron 4:  This system houses a NbTi superconducting solenoid having 8.5T/10T fields and 147 mm cold aperture.   
· Cell loader: This facility combines a hydraulic actuator with a test dewar.  It is used to perform strain gauge calibration both at room temperature, in nitrogen or at 4.2 K. It can also be used to measure mechanical properties of ten-stacks. 
· Strand critical-current test probes:  Test probes are generally 1.6 to 2.0 m long. Setups include pressure contact probes and sample holders for superconducting strand tests using ITER-type barrels in liquid Helium up to 1,400 A, a number of low resistance probes and samples holders, which also use ITER-type barrels, but are capable of reaching stable currents up to 2,000 A at temperatures between 1.9 K and 4.5 K, sample holders to measure critical current of HTS wires, and sample holder to measure the angular dependence of current with respect to magnetic field up to 15 T and at temperatures between 1.5 K to 60 K.  Balanced coil magnetometer for magnetization measurements of conventional (iron) and superconducting materials (bulk Nb, Nb based multifilamentary superconductors, etc.) between 0 and 15 T and at temperatures between 1.5 K to 300 K,
· A device equipped with a hydraulic cylinder to test critical current sensitivity of impregnated superconducting cables to uniaxial (plane stress) transverse pressures up to 200 MPa.
· Walters spring-type test probe  for tensile/compressive strain sensitivity studies of Jc in superconducting wires. This probe looks similar to the strand critical current probe above, with a helical shape to the test mandrel.  A large dial at the top of the probe permits the helix at the bottom to be twisted. 
· Cable test probes:  These include a superconducting transformer for Rutherford cable tests and cable splice studies up to 28 kA in self-field, and a 14T/16T Rutherford cable test facility with bi-filar sample and superconducting transformer up to 25 kA.A modular Insert Test Facility (ITF) was designed and used to test in Teslatron 2 single double pancake units made of 2G YBCO, and a four double pancake coil that produced a maximum field in the YBCO of 21.5 T.
· Heat treatment ovens:  Horizontal tube-shaped ovens are used to heat treat superconducting strands.  Many different configurations of sample holders are used to secure strands placed in the ovens.  The ovens are equipped with air-tight retorts to permit a flow of argon or oxygen gas during the heat treatment, depending on the material being tested.  Special fixtures and manifolds control and distribute the gas.  Multiple controllers operate the heating elements.  Although the elements are well insulated, the oven exterior can become quite hot.
· 2-meter oven:  A large, box oven located at the north end of the SC-RDL can be operated to react large masses of superconducting wire.  As with the other ovens above, liquid argon boiloff is used to maintain a non-oxidative environment around the sample.  

The following is a brief list of work activities that occur in the IB3-A SC-RDL.  As above, many of these activities are conducted under separate operation procedures:

· Visual inspection and QC measurements of superconducting wires, including dimension measurements, bending tests, spring-back tests, and preparations for metallography
· QC assessments of cables
· Mounting of specimens for analysis
· Critical current measurement of strands –This activity generally includes the measurement of voltage as a function of current while a sample is immersed in liquid helium and held at a certain magnetic field.  Teslatrons 1 and 2 are used most often for critical current measurements.  Most Nb3Sn strand testing takes place between 0 and 15 T field.
· Voltage-field measurements – Similar to critical current measurements, this activity applies a constant current and a ramping field.  
· Critical current measurement of cables
· Heat treatments of strands
· Heat treatments of small coils


GENERAL HAZARDS AND MITIGATION OF HAZARDS
The following table summarizes the general classes of hazards associated with work above.  Additional hazards and controls may be spelled out in particular operation procedures.  The list here is intended as a guide for the general conditions that a worker should be aware of when doing work in the IB3-A SC-RDL and as a substitution for FESHM form 2060.

	Hazard
	Control

	Oxygen deficiency
	Document TID-N-386 defines the maximum volume of cryogens that can be safely used in the lab.  All work must conform to this ODH analysis.  The laboratory has been classified as ODH-0 because of the lab size, piping, and administrative control (procedures) about number and capacity of dewars.  

	Pressurized gas cylinders
	Lab workers shall have compressed gas cylinder training FN000213/CR/00

	Magnetic field 
	Cautionary signs warn about magnetic field hazards.  Operators are located outside of the stray field zone when field is on.  Area is controlled when field is on.  Compressed Gas Cylinder training and other OJT addresses magnetic objects located in laboratories where stray fields are present.

	Temperature extremes
	Work space has been arranged to discourage contact with hot and cold surfaces.  Awareness (this document) of hot ovens or cold cryogenic lines and OJT shall be completed.

	Solvents
	Quantities of solvents used shall be small (10 mL, enough to moisten a wipe). Vapors – area is well ventilated.  Solvents shall not be used if ventilation is not working.  Contact – Safety glasses and approved gloves shall be worn when working with solvents.

	Epoxies
	Safety glasses shall protect eyes. Gloves shall be worn to protect skin.  OJT shall be completed for the proper application of the different epoxies used.  Epoxy removal is conducted only under special circumstances using safe solvents – formic acid shall NOT be used.

	Sharp tools and edges
	Gloves, safety glasses, proper use, OJT

	Clutter, crowded surfaces
	Meticulous housekeeping

	Heavy items
	Workers shall complete back works training.  For probes that require cranes, crane training shall be completed.

	Electrical hazards – magnets and probes
	No electrical circuits involving test probes or magnet supplies generate more than 50 V.  Bus bars are insulated.  Magnets are protected with resistors and diodes to mitigate quench voltages within the dewar.

	Electrical hazards – ovens
	Electrical safety review shall be completed as part of individual oven ORC.  Only authorized use of ovens shall be permitted.

	Risk amplifier – computer-related fatigue
	Computers are used for data acquisition and operating various systems.  Workers shall be encouraged to take training in computer ergonomics.  

	Risk amplifier – multiple work activities
	Single hazards can become more risky when multiple work activities take place.  Adherence to work procedures (this document), coordination with SC-DTL Manager, communication, and proper housekeeping reduce the amplification.

	Cryogenic problems
	1. Liquid-cryogen storage vessels: Never leave the valve at the top open to air for more than a few seconds. Otherwise, air will be condensed into the neck of the dewar, freeze, and form an ice plug that blocks the escape of gas from the boiling liquid inside. The vessel becomes a virtual pressure bomb.
2. Transferring liquid cryogens: a step-by-step procedure should be written and followed. Wear gloves and googles.

	Superconducting magnet leads
	Don’t disconnect them when the magnet is energized.

	Vacuum pump
	Vent oil vapor to the outside, not into the laboratory

	Unhealthy materials
	1. Heavy metals
2. Solder flux: it is best to wear goggles and solder under a ventilation hood or install a suction venting fan to evacuate flux smoke that can cause allergies and irritate nasal passages
3. Lead
4. Fiberglass-epoxy materials: avoid breathing the glass dust produced in sanding such composites.
5. Beryllium copper
6. Ceramic fiber thermal insulation for furnaces: wear a mask and avoid breathe small fibers into your lung




SPECIAL MATERIALS USED AND WASTES GENERATED
[bookmark: _Ref309818374]Superconducting wires are generally among the classes below, and incorporate the materials listed.  All wire types can be disposed as industrial waste. CuBe springs are used for the Walters’ spring device. Handling of CuBe requires a special training by Rich Ruthe, as reported in TD 5220-OP-464129 .

	Wire class
	Materials typically contained

	Niobium-titanium (Nb-Ti) wire, such as Tevatron wire, LHC wire, Mu2e conductor
	Niobium-titanium alloy, copper, pure niobium, sometimes pure aluminum.  Copper and possibly aluminum forms the surface contacted by workers.

	Niobium-tin (Nb3Sn) wire, such as LARP strand, “hi-lumi” strand, ITER strand.
	Prior to reaction: niobium, tin, copper, bronze (copper-tin alloy), and minor amounts of titanium or tantalum.  Copper forms the outside surface contacted by workers.  After reaction: the inner components of the wire are transformed to the non-reactive compound Nb3Sn, with bronze.

	Niobium-aluminum (Nb3Al) wire
	Prior to reaction: niobium, aluminum, copper, and sometimes tantalum. Copper forms the outside surface contacted by workers. After reaction: the inner components of the wire are transformed to the stoichiometric and brittle A15 compound Nb3Al. 

	Magnesium-diboride (MgB2) wire
	Magnesium and boron, pre-formed MgB2 compound, copper or copper-nickel alloy (also called Monel), and possibly pure iron, niobium or nickel.  The surface contacted by workers is typically copper.  If ruptured, the black MgB2 powder may react mildly with water.

	Bismuth oxide, Bi-2212, or Bi-2223 wire 
	The wire contains a compound of bismuth, strontium, calcium, and copper in their oxidized forms.  These forms are generally non-reactive.  The compound is contained within a pure silver or alloyed silver sheath with composition like that of fine dinnerware.  Workers would typically contact silver.  

	YBCO or “RE”BCO (RE stands for rare earth) wire (manufacturers refer to their tape forms as “wire”)
	Generally, the wire contains a layer-by-layer tape consisting of a stainless steel or similar foil with a thin coating of many elements, often including yttrium, barium, and copper in oxidized and non-reactive forms.  The entire coating is very thin, comparable to a layer of tarnish on metal.  Copper is the material contacted by workers; some configurations expose stainless steel on one side



In addition, the following special materials considerations shall be taken into account:
· Solders: lead-based solder shall be re-used as appropriate and then disposed of as hazardous waste.
· Epoxies: Most epoxies used in the SC-RDL are safe.  Workers shall clearly identify experimental or hazardous epoxies, or their removing agents.
· Solvents:  Solvents shall be stored in the appropriate flammable liquids cabinet.  Only approved labeled containers shall be used on lab benches.
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