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SCOPE AND PURPOSE OF THIS DOCUMENT
Scope addresses equipment used to create a test environment, not the test itself
This document outlines the operation of cryogenic systems to support critical current testing of strands and cables, as well as other activities that require cryogenic environments or the use of high-field superconducting magnets.  These procedures attend to operation, hazards, and safety associated with the equipment used to create the physical environment for testing.  These procedures do not cover the testing work activity itself, which instead falls under a separate procedure. 
Scope addresses an integration of several systems
Fermilab operates several separate systems, which are inter-connected to common cryogenic piping and sharing a common room space in IB3-A.  This document scope necessarily encompasses the entirety of the inter-connected system.  Often, multiple systems are actively used in parallel, either to accommodate a single work goal or for multiple and independent work goals.  This document also, therefore, addresses the interactions between different systems, the placement of individual systems into and out of service, and other aspects associated with parallel cryogenic operations and system maintenance.  
Limitations of scope
This document describes operations only under the following conditions:
1. Testing at 4.2 K or higher temperature.  Valves HV-115, HV-215, HV-315, and HV-415, which connect their respective systems to a vacuum pump to permit operations at lower temperature, shall be closed during operations.   Provisions for operation at lower temperatures are covered in a separate procedure.  Also, the valves above are used during a purging operation that prepares the system for operation, but this is not part of the operation itself.
2. Helium gas is not recovered.  Valves HV-800, HV-801, and HV-802 configure operations for venting He gas to air or for recovering the gas.  Valve HV-801 shall be open; valves HV-800 and HV-802 shall be closed.

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. Electrical system engineering review note (attached)
9. TD-5220-OP -464132 Teslatron Cryogen and Probe procedures 
10. Teslatron LOTO

R2A2
TD line management and General Activities 
Building policies, including TD-7030-A, shall be complied with.  

The broader roles, authorities, responsibilities, and accountabilities identified by document TD-5220-OP-464131 shall be considered for roles in the present operation.  That is, compliance with TD-5220-OP-464131 is prerequisite for work authorization under the present operations.

As stipulated in TD-5220-OP-464131, the Head of the Superconducting Materials Department (SCMD Head) is the authorizing authority for procedures and workers in IB3-A operations.  The operations take place in the Superconducting Strand and Cable Research and Development Laboratory (SC-RDL).  As stipulated in TD-5220-OP-464131, the SC-RDL manager is the person in charge of operations in the SC-RDL.  The manager reports to and is accountable to the SCMD Head.  Also, as stipulated above, the SC-RDL manager shall be kept informed regarding operations under the present procedure.

R2A2 additions for this procedure
These operations typically require the action of a Principal Investigator.  The PI is responsible for determining the goals of day-to-day work, the types of tests to be performed, the types of probes to be used, the physical parameters of the operations, the sequence of the operations, interpretation of the data, and so forth.  The PI is accountable to line management and project management for the outcome of investigations under these operations.  The PI has direct authority over the measurement activity within the limitations of the operation.  When the PI is a different person than the SC-DTL manager, the PI shall consult with the manager to coordinate testing activities and schedule use of systems.  Technicians (below) under the supervision of the SC-RDL manager may be requested to obey the requests of the PI for the duration of the PI’s operations.  When not actively leading an operation, the PI shall defer management of the operations to the SC-RDL manager—that is, the PI is NOT a direct supervisor of technicians or the SC-RDL manager.  The SC-RDL manager may instruct technicians to work directly with the PI. 

The Operations Administrator oversees the safety and function of the operations.  The OA shall report to the SC-RDL manager. The SC-RDL manager has authority over the OA, and the OA is accountable to the Sc-RDL manager for day-to-day operations.  The OA shall place operational locks on valves, in particular valves HV-115, HV-215, HV-315, HV-415 which control the connections of the vacuum pump to the system, and HV-800, HV-801, and HV-802, which control helium venting or recovery.  Furthermore, the OA shall: 
· Keep Process and Instrumentation Diagrams up to date
· Enforce good housekeeping
· Enforce policies and procedures, including this procedure
· Oversee the ordering and use of cryogens

Technicians perform work, operate systems, acquire data, and otherwise perform the day-to-day duties to carry out work.  Technicians normally report to the SC-RDL manager.  When instructed by the SC-RDL manager, technicians may answer directly to the PI for the duration of the experiment activity.  Also, the OA may require the assistance of technicians to carry out maintenance or other work associated with safe and effective operations. This includes:
· Provide on-the-job training for the cryogenic and mechanical aspects of system operations
· Make systems ready for cryogenic activities at the direction of the SC-RDL manager 
· Take systems out of active cryogenic use 
· Be responsible for understanding the function and inter-connection of all apparatus 
· Promptly address safety and maintenance of equipment, systems, and probes 
· Facilitate coordination among parallel operations


DAQ Engineer is responsible for development of the computer code that controls operations, acquires data, and coordinates the electronic devices.  The DAQ engineer reports to the SC-RDL Manager.  The DAQ engineer is also responsible for maintaining equipment calibrations, software updates, and repair and maintenance of electrical apparatus.  The DAQ engineer shall also facilitate logging and operational records. The DAQ engineer shall provide training to technicians and the OA regarding the use of electronic control systems and data acquisition. 

TRAINING REQUIREMENTS
All training required by TD-5220-OP-464131General Activities in IB3-Annex superconducting Strand and Cable Research and Development Laboratory shall be completed.  

In addition, the following training shall be completed:
· Cryogenic Safety (General) [FN000115/CR/01]
· On-the-Job training
· CuBe handling

The following training courses are recommended:
· Basic Electrical Safety [FN000235/CR/00]  (Note: current leads used to power equipment are insulated and are low voltage.  However, electrical connections are routinely made and broken during normal operations, and this training activity will inform workers about basic electrical principles and safe practice.)

GENERAL DESCRIPTION OF OPERATIONS
The Operations make use of five (5) different cryogenic systems:  
· Teslatron 1 (T1), a 15 T / 17 T superconducting magnet system used mostly for strand critical current and Jc strain sensitivity testing;
· Teslatron 2 (T2), a 14 T/ 16 T superconducting magnet system used mostly for strand critical current and magnetization testing, cable critical current testing, YBCO coil testing; 
· Teslatron 3 (T3), a cryogenic dewar system used for testing solenoids and other components;
· (Future) Teslatron 4 (T4), presently indicated on drawings and other documents;
· Cryogenic Loader (CL), a cryogenic system equipped with hydraulic actuators to apply mechanical loads at low temperatures.

Detailed descriptions of the physical parameters and limitations of each system appear in the next section (6.0).

Operations generally fall into 3 categories:
· Experiments 
· Operation of the Teslatron systems and the Cell Loader creates the physical environment under which various experiments are conducted.  The choice of physical environment, and the appropriate system to use, is the responsibility of the PI.
· Experiments are governed by separate operating procedures.  The PI shall designate the appropriate operating procedure controlling the test being performed in the particular physical environment, e.g. TD-5220-OP-464129 General Procedures for Testing Critical Current of Superconducting Starnd.  These procedures generally govern sample preparation, operation of sample-specific power supplies, mounting on probes, and so forth.
· Cryogenic maintenance and probe use are active parts of experiments.  TD-5220-OP-464132  Teslatron Cryogen and Probe Procedures shall be followed for these activities.  Specific guidelines for special probes may be contained in the operating procedures.
· Maintenance
· Maintenance operations most often include cryogenic fills to keep a system cold between experiments.  TD-5220-OP-464132 Teslatron Cryogen and Probe Procedures shall be followed for these activities.
· Maintenance can also entail placing the system in a certain state to conserve cryogens, reduce power use, etc.  The OA is authorized to change valve settings and physical connections from default conditions to facilitate maintenance.
· Diagnostics
· CAUTION - Diagnostic modes are often non-typical operation modes.  A separate hazard analysis and work approval shall be obtained for diagnostic work if the diagnostic is intended to gain information about a physical parameter limiting the system.  While such a parameter might otherwise fall within the normal operational envelope, the purpose of a diagnostic test can be to re-establish an operational envelope after a significant event that makes the envelope uncertain.  Example: an unexpected quench of a magnet at an abnormally low field might be followed by a diagnostic operation, with additional limits imposed on ramp rate and other aspects.
· Diagnostic work also includes certain measurements meant to provide quality assurance, such as field mapping, calibrations, verification of parameters against reference standards, measurements of standard samples, etc.

The systems share, or may share, common inter-connections:
· Vent piping and vacuum piping – refer to drawing TD-5225.000-ME-483704
· Room space – refer to TD-5220-OP-464131 General Activities in the IB3-Annex Strand and Cable Research and Development Laboratory
· Cryogen service, if a single transport dewar is used for multiple systems

The systems have separate apparatus:
· Electrical systems are dedicated to each system.  While the make-up of the equipment racks and so forth is intended to be redundant, the systems are individual to the computers used to control them and the respective physical constants (e.g. amperes per tesla field) of the systems they are connected to.
· Piping and protection – Each system contains systems of relief valves and other protective hardware that is sized and specified appropriately for the system components.  Such articles cannot generally be transferred to other systems.
· Physical specifications, as detailed later.

All systems share common safety and operational philosophies:
· Hazards of cryogenic pressure are controlled by components on each system, such that a system isolated from the inter-connecting piping is still safe.
· Stored energy in magnets is protected by components mounted on the magnets, such that protection from this energy is self-contained and does not require notice or intervention by the operator.
· Operations shall be attended at all times.  Remote or unattended operation is not authorized.
· Procedures to pre-cool, cool, put into service, operate, warm up, and remove from service have been developed to encompass all systems.
· Cryogen transfer (and, in the future, cryogen recovery) is general to all systems
· Computer controls manager the operations and data acquisition, reducing the mental fatigue and attention requirements of the operator.
· Probes may be interchanged between some systems, permitting operational flexibility.
· Electrical systems are low voltage.  High-current systems are protected by insulating coatings, controls over approach, and engineered fixtures.
· The lay-out of piping uses a redundant design, such that operational experience with one system carries over to another system.  Labels of valves, e.g. HV-xyy where “x” is 1, 2, 3, or 4 and corresponds to the system T1, T2, T3, or T4, and “yy” identifies the valve number, are likewise intelligent, where e.g. yy = 15 always denotes the valve connecting to the vacuum line.
· Valve and piping has been designed such that the default position of all valves is closed. 

[bookmark: _Ref357005628]SYSTEM DETAILS
Teslatron 1
Below are the physical and operational parameters that characterize the system limits and routine activity of T1 :
· Maximum field: 15 T (4.2 K)
· Note: training quenches can occur at lower field upon cool down.
· Maximum field of operations @ 4.2 K: 15 T ???
· Maximum field of operations @ 2.2 K: 17 T
· Current for full field @ 4.2 K: 102 A
· Current for full field @ 2.2 K: 116 A
· Field/Current ratio: 0.146 T / A
· Inductance: 52.32 H
· Stored energy @ Max Current: 352 kJ
· Clamped diode voltage: approximately 5 V 
· Quench decay constant: dI/dt = V/L.  The protection is segmented across different magnet layers to produce a current fall of approximately 10 A/s
· Heat input to He from magnet quench: 944 W
· Max quench boil-off rate: 45.16 g/sec
· Maximum quench gas release rate: 362 cc/sec
· Maximum helium fill: 58 liters
· Minimum operating helium volume (liquid is at top of magnet): 11.6 liters
· Typical overnight boil-off: 15 to 20 liters LHe
· Maximum fill of VTI: 4 liters
· Typical daily usage: 150-300 liters Probe length: 1284 mm top plate to field center
· Probe mass: 11 to 20 kg (critical current testing)

Teslatron 2
Below are the physical and operational parameters that characterize the system limits and routine activity of T2 :
· Maximum field: 14 T (4.2 K)
· Note: training quenches can occur at lower field upon cool down.
· Maximum field of operations @ 4.2 K: 14 T
· Maximum field of operations @ 2.2 K: 16 T
· Current for full field @ 4.2 K: 101 A
· Current for full field @ 2.2 K: 115 A
· Field/Current ratio: 0.1386 T / A
· Inductance: 64.6 H
· Stored energy @ Max Current: 427 kJ
· Maximum helium fill: 58 liters
· Minimum operating helium volume (liquid is at top of magnet): 13 liters
· Typical overnight boil-off: 15/20 liters LHe
· Maximum fill of VTI: 4 liters
· Typical daily usage: 150-300 liters 
· Probe length: 1284 mm top plate to field center
· Probe mass: 11 to 20 kg (critical current testing)

Teslatron 3
Below are the physical and operational parameters that characterize the system limits and routine activity of T3 :
· Maximum helium fill: 66.8  liters
· Typical overnight boil-off: 15 to 20 liters LHe
· Probe mass: 20 kg (critical current testing)

Teslatron 4
Below are the physical and operational parameters that characterize the system limits and routine activity of T2 :
· Maximum field: 8.5 T (4.2 K)
· Note: training quenches can occur at lower field upon cool down.
· Maximum field of operations @ 4.2 K: 8.5 T
· Maximum field of operations @ 2.2 K: 10 T
· Current for full field @ 4.2 K: 97 A
· Current for full field @ 2.2 K: 114 A
· Field/Current ratio: 0.0874 T / A
· Inductance: 43.88 H
· Stored energy @ Max Current: 285 kJ
· Maximum helium fill: 90  liters


PROCEDURE FOR PLACING A SYSTEM INTO AND OUT OF ACTIVE OPERATION
Dual function of the vacuum pump
Note that the vacuum pump serves two purposes: (1) evacuating and purging a system prior to cool-down, and (2) active pumping on liquid helium or a lambda-fridge to achieve temperatures below 4.2 K.  This procedure does not incorporate purpose (2) above.

Sequence of operation control
The systems used for operations are not always at cryogenic temperatures.  Because they share common inter-connections, control over system activity is required.  The following sequence clarifies how systems are put into and taken out of active operation:

1. The SC-RDL manager authorizes a PI to begin operations using a designated system.  This system may be already cold in a maintenance condition from a previous activity.  If so, the sequence jumps to step 6.  If not, a system not in active operation is designated for cool-down.
2. The system is pre-cooled.  See TD 5220-OP-464132 Teslatron cryogen and probe procedures.
3. The Operations Administrator removes his lock from vacuum valve HV-115, HV-215, HV-315, or HV-415 as appropriate for the identity of the system being put into operation.
4. The system is purged and cooled to 4.2 K. See TD 5220-OP-464132 Teslatron cryogen and probe procedures.
5. The Operations Administrator applies his lock to vacuum valve HV-115, HV-215, HV-315, or HV-415 as appropriate for the identity of the system being put into operation.
6. The system is now in active operation.  The PI may begin to conduct activities per an approved test procedure.
7. When the PI’s activity is complete, the PI shall notify the SC-RDL, who will decide whether to keep the system in maintenance at 4.2 K for the next PI or warm the system up.
8. If the SC-RDL decides that the system shall be removed from active operation, then the system is allowed to warm up.  See Oxford Operator Handbook
9. The system is warm and not in active operation.

REMOVING A SYSTEM FROM USE OR RESTORING A SYSTEM TO USE
Sometimes, it is necessary to correct leaks or repair equipment.  This will prevent a warm Teslatron system from being considered for cool-down and cryogenic operations.  Procedure Teslatron LOTO governs the lock-out tag-out of systems for this purpose.

SYSTEMS OPERATION

Teslatron 1 Operation
9.1.1 Normal operations

Normal operations shall follow the instructions in the operation manuals supplied by the manufacturer, Oxford Instruments, located in the filing cabinet drawer labeled ”Teslatron 1 manuals” on the right of the Teslatron 1 operator’s desk   These manuals include instructions for operating the magnet, ramping the magnet, operating the temperature controller, operating the dewar, and other systems.  Important information about the operational parameters are defined in these manuals.  Operations shall not deviate from instructions in these manuals due to the risk of damage to the system. For test operation see:
GENERAL PROCEDURES FOR TESTING CRITICAL CURRENT OF SUPERCONDUCTING STRANDS OR ASSEMBLIES OF STRANDS TD 5220-OP-464129


9.1.2 Troubleshooting

The operation manuals supplied by the manufacturer include information about recovery from inactive or non-responsive operations.  Of particular note are:
-- ice formation in the dewar
-- non-responsive electronics
-- quench protection settings and trigger points
-- firmware configuration
-- hardware instructions via remote operation

9.1.3 Manuals supplied with the system

Superconducting Magnet system “Operator’s Handbook” Project Number 43144
Practical Cryogenics
Safety matters
ILM200 family of cryogen level meters
ITC503 temperature controller
IPS120-10 superconducting magnet power supply
Auto needle valve and Auto GFS for ITC502 and ITC503
ObjectBench system control software


Teslatron 2 Operation
9.2.1 Normal operations

Normal operations shall follow the instructions in the operation manuals supplied by the manufacturer, Oxford Instruments, located in the filing cabinet drawer labeled ‘”Teslatron 2 manuals” on the right of the Teslatron 1 operator’s desk.  These manuals include instructions for operating the magnet, ramping the magnet, operating the temperature controller, operating the dewar, and other systems.  Important information about the operational parameters are defined in these manuals.  Operations shall not deviate from instructions in these manuals due to the risk of damage to the system. For test operation see:
GENERAL PROCEDURES FOR TESTING CRITICAL CURRENT OF SUPERCONDUCTING STRANDS OR ASSEMBLIES OF STRANDS TD 5220-OP-464129


9.2.2 Troubleshooting

The operation manuals supplied by the manufacturer include information about recovery from inactive or non-responsive operations.  Of particular note are:
-- ice formation in the dewar
-- non-responsive electronics
-- quench protection settings and trigger points
-- firmware configuration
-- hardware instructions via remote operation

9.2.3 Manuals supplied with the system

Superconducting Magnet system “Operator’s Handbook’ Project Number 18088
Practical Cryogenics
Safety Matters
ILM200 family of cryogen level meters
ITC503 temperature controller
IPS120-10 superconducting magnet power supply

Teslatron 3 Operation
Teslatron 3 (T3), a cryogenic dewar system used for testing solenoids in self-field and other components. T3 is not provided with a magnet so there is no manufacturer manuals supplied with the system.
For test operation see:
GENERAL PROCEDURES FOR TESTING CRITICAL CURRENT OF SUPERCONDUCTING STRANDS OR ASSEMBLIES OF STRANDS TD 5220-OP-464129



Teslatron 4 Operation
9.4.1 Normal operations

Normal operations shall follow the instructions in the operation manuals supplied by the manufacturer, Oxford Instruments, located in the filing cabinet drawer labeled ”Teslatron 4 manuals” of the Teslatron 4 operator’s desk.  These manuals include instructions for operating the magnet, ramping the magnet, operating the temperature controller, operating the dewar, and other systems.  Important information about the operational parameters is defined in these manuals.  Operations shall not deviate from instructions in these manuals due to the risk of damage to the system. For test operation see:
GENERAL PROCEDURES FOR TESTING CRITICAL CURRENT OF SUPERCONDUCTING STRANDS OR ASSEMBLIES OF STRANDS TD 5220-OP-464129


9.4.2 Troubleshooting

The operation manuals supplied by the manufacturer include information about recovery from inactive or non-responsive operations.  Of particular note are:
-- ice formation in the dewar
-- non-responsive electronics
-- quench protection settings and trigger points
-- firmware configuration
-- hardware instructions via remote operation


9.4.3 Manual supplied with the system

Superconducting Magnet system “Operator’s Handbook’ Project Number 40161
Practical Cryogenics
Safety Matters
IPS120-10 superconducting magnet power supply


 HAZARDS AND CONTROLS
Safety culture of the operation
The high-field high-current cryogenic system is a complex system with numerous inter-dependent components.  Human factors, such as the operator’s frame of mind, objectives the experiment, time and scheduling pressures, and behavior provide additional variations of complexity.  Operator awareness, continual consideration of the operation envelope established by this and other documents, assessment of operation progress, pre-operation planning, post-operation review, and use of passive controls to mitigate negative impact of unexpected developments are the best controls available to the operator for safe and effective work.

Cryogenic hazards
· Pressure — The cryogenic system has been designed, constructed, and reviewed in consultation with Fermilab’s Cryogenic Safety Panel (CSP).  This engineering design builds upon a previous design that was reviewed and approved for operations in the Industrial Center Building.  The CSP has provided approval of the system in document CSP Provisional Note (attached).
· Temperature — Cryogens produce numerous cold surfaces.  Most surfaces are not contacted by workers during normal operations.  Cryogenic safety training and OJT instructs workers about protections against contact with extreme cold.  Jets of cold gas are an additional hazard.  Face shields, gloves, aprons, proper clothing, and other PPE according to cryogenic safety training provides control over this hazard.  Ball valves that could contain frozen o-rings are limited to the valves on transport helium dewars.  Generally, there should not be flow of cold gas through these valves except during venting, in which case operation of the valve by workers should not occur.  Quick-connects with cold o-rings can grab caps or plugs and appear to hold them, and later release them when the ring thaws.  OJT provides awareness and experience with these fixtures.
· Oxygen Deficiency Hazard — Oxygen deficiency analyses were included with the CSP review.  Document TID-N-386 describes how the SC-DTL conforms to ODH-0 when the cryogen volume is within the restrictions set by that document.  In addition, the SC-DTL uses active ventilation. The lab is equipped with an alarm and automatic activation of ventilation if a leak is detected. All personnel must evacuate the lab immediately upon hearing the ODH alarm and call extension 3131 from a safe location.

Electrical hazards
· Electrical equipment – The TD-Electrical Safety Officer or other electrical engineer has reviewed the electronic components housed in racks, and has issued a document is attached summarizing the electrical safety of these equipment.  In addition, the high-current bus bars, which feed up to 2,400 A current to the samples at low voltage, have been encased in insulation material and protected by insulating barriers.  This design is summarized in 
· Magnet stored energy – There is always the risk of a quench, even in a very reliable and stable magnet. External factors can affect the stability of the magnets. There are three effects that must be considered:  (1) the collapse of the field, (2) the possible generation of high voltages, and (3) the sudden release of helium as gas.

Superconducting magnets have high inductance L and operate at high currents I. A large amount of energy is therefore stored when it is energized by high current to create a high field.  Since:
	
Field = N I / R

then for a solenoid of fixed radius R and number of windings N, field is proportional to the current.  However, the stored energy rises as the square of current:

Stored energy = ½ L I2

The stored energy of Teslatron magnets is listed in the table below:

	System
	Max Stored Energy (kJ)

	Teslatron 1
	352

	Teslatron 2
	427

	Teslatron 4
	285



If a magnet quenches a voltage is induced of magnitude

Induced voltage = –L 

Without protection, this voltage might be generated locally and allowed to rise according to local values of current drop and flux change (inductance).  It would thus be possible to generate voltages of a few kilovolts between the current terminals on top of the cryostat.  However, the internal connections to the magnet power supply drive quench current through an internal shunt resistor, limiting this no-protection voltage.  It is only possible to generate such voltages if the magnet leads also become disconnected simultaneously with the quench (or if their disconnection causes the quench).

The manufacturer of the Teslatron magnets provides diode pairs that fix the breakdown voltage and accommodate the breakdown current, forming a situation called a voltage clamp.  The voltage clamp is instrumented internal to the system and located within the helium dewar, preventing any high voltage or quench current from appearing at the terminals on the top of the dewar.  Moreover, the many voltage clamps are applied across sub-sets of windings, thereby dividing the magnet into segments so that a smaller inductance is managed by each clamp.  In this case, the voltage drop is fixed and instead the current change becomes controlled:



Since the clamped voltage is approximately 5 V, and the magnet is segmented into several zones with 1 to 10 H inductance each, current will decay at a rate of 1 to 10 A/s.  

The magnet protection circuit is used in the event of a quench to make sure that high voltages are not produced outside the magnet. It helps to prevent the stored energy of the magnet from being dissipated in the quench region by diverting the current around it through resistors, which convert the stored energy into heat.  Heat is then removed by boiling helium and by transfer to the cold helium gas. Since the heat of vaporization for liquid helium is approximately 3 kJ/L, a high-field quench can boil away the entire helium volume in the dewar.  Much of the heat is also carried away by cold gas, since the heat capacity is about 1 J L-1 K-1 (i.e. conversion of 1 liter of liquid to 700 liters of vapor that warms by 10 K can remove 7 kJ of heat).  

Protection resistors and diodes are provided for all magnet sections of the three Teslatrons. The resistors are mounted on baffles attached to the magnet support structure or just above the magnet in the helium reservoir. Under normal operating condition, the charging voltage is below the breakdown voltage of the diodes, so all the current passes through the magnet and ensures that the magnetic field is proportional to the energizing current.  If the magnet quenches, the barrier voltage (typical 5 V) is exceeded and the protection comes into operation automatically.

[image: ]Summary of controlling electrical hazards from the magnet:
· Do not run the magnet without the protection circuit connected.  
· Do not modify the protection circuit.
· Ground all equipment, including cryostat and electronics.
· Maintain the established perimeter around the magnet while it is at field.
· Never touch the current lead terminals while the magnet is at field. The protection circuit is built to prevent the development of high voltages in the event of a magnet quench, but it is not good practice to rely on it.

Magnetic fields
The Teslatron magnets produce high magnetic fields.  Regions of substantial magnetic field extend outside the magnet housing and the dewar.  This hazard is controlled to some degree by placing the dewars in a pit, so that the center of magnetic field is below the floor.

FESHM 5062.2 addresses static magnetic fields at Fermilab.  In compliance with this directive, the area around the Teslatron systems which could expose workers to 5 G fields is controlled.  No entry to this area is permitted for visitors to the laboratory or un-authorized personnel when magnets are in operation.  In addition, for authorized workers, no fields higher than the 8-hour TWA of 600 G exists inside the controlled area.

Two warnings shall be posted at all times, per FESHM 5062.2.  First, a “magnetic field hazard” posting shall warn personnel with pacemakers on all entrances to the laboratory and on the boundary of the restricted area.  Second, a “no ferrous materials” posting shall also appear on the boundary of the restricted area.

A steel ladder is sometimes used to facilitate transfer of helium to the magnet.  This ladder shall be removed from the restricted area whenever any of the magnets are energized.  Helium transfer shall not take place when adjacent systems are energized as well.

Helium gas is supplied by ferrous gas cylinders that are clamped to the wall far outside the restricted area of magnetic field.  Gas cylinders on mobile carts shall never be used to facilitate liquid helium transfer.

Ferrous tools shall not be used when magnets are energized.

Occupational hazards
· Heavy probes – The document TD 5220-OP-464132 Cryogen and probe procedures defines the approved procedures for lifting test probes and inserting them into Teslatron dewars.  The overhead crane shall always be used for inserting such probes to prevent damage to the magnet systems.   The procedures above identify crane training and additional PPE (hard hats and safety shoes) that are required for crane use.
· Computer – Data acquisition can take place over several hours using a single computer station.  To prevent occupational injuries, authorized workers shall complete training in computer workstation ergonomics.  Modifications of the work station layout to accommodate different workers is encouraged, provided that the modifications are first discussed with the Operations Administrator or the SC-RDL Manager.
· Interactions between different activities – Multiple work activities can exacerbate the hazards discussed here.  The SC-RDL Manager must be notified about all activities that are planned.-.  Work coordination by the SC-RDL Manager shall strive to limit the number of activities at any time to a level that reduces this risk.  For this reason, the SC-RDL Manager is given authority to stop or delay a planned work activity.  Communication between workers is essential.  Awareness of the other activities is vital to limiting the risk for one activity to have an adverse effect on another activity.

Other hazards
· Compressed gas cylinders are in use.  Authorized workers shall complete compressed gas training.


  ENVIRONMENTAL
Helium is released to atmosphere under the present scope of operations.  Helium is non-toxic and environmentally benign.  It is a precious resource, which is why future operations will seek to recover helium gas and prevent its release to the environment.

The vacuum pump requires occasional changes of oils for its maintenance.  Spent oils shall be disposed as hazardous waste by an authorized TD waste generator.

In general, lab equipment is constructed of non-hazardous materials.  The disposal pathway for these items is via industrial waste.  Fermilab waste generation protocols shall be followed.

  QUALITY ASSURANCE
Calibrations of equipment are conducted bi-annually.  As indicated earlier, the DAQ Engineer shall be responsible for maintaining equipment in calibration.

The vendor has provided field profile maps, identifying the homogeneity of the magnetic field as a function of position of the sample.  Most sample probes used by other activities have been designed to optimally use these field profiles.  Documentation of the field profiles are kept within the SC Materials Department.  The coil constants (i.e., the ratio of field generated per unit energizing current) are provided by the magnet manufacturer and have been verified with a calibrated Hall probe sensor inserted into the magnet.  The power supply shunts are calibrated annually.

Numerous sensors measure pressure over the helium bath.  The magnet temperature is provided by a devoted Temperature sensor. In addition, calibrated Cernox sensors give a voltage signal that is converted to a temperature measurement.  These sensors are routinely used to establish the temperature of various measurements, which might be converted to a standard temperature such as 4.2 K by an approved interpolation formula.

All activities are logged.  The SC-RDL is a locked laboratory, preventing casual access to the logs.  

All data is stored on computers in secure files.  Workers are required to pass Fermilab credentials to the operating system to be able to access the data files.  Backup of data takes place daily.








Annex: 

1. CSP Provisional Note)
2. IB3A SSTF: Teslatron™ 1 and Teslatron™ 2
Data Acquisition Rack Safe to Operate
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