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��OVERVIEW



Purpose and Scope



This Standard Operating Procedure (SOP) outlines hazards and safe procedures for operation of the polarized proton target used on MLNSC Flight Path 2 (1FP02) (TA-53, MPF-30).



Responsible Individuals



The installation, operation, and removal of the polarized target is the responsibility of personnel from P-23. The P-23 Group Office is located at TA-53, MPF-1, Room D108, telephone number (505) 667-5005.



The designated Instrument Scientist is responsible for safe operation of Flight Path 2 and maintenance of this SOP. The Instrument Scientist will be the primary contact for users of the flight path and safety personnel. Additional Qualified Operators from P-23 will also be responsible for maintenance and operation of the polarized target. ALL users of Flight Path 2, as well as visitors, are responsible for following the procedures outlined in this SOP.



A list of Qualified Operators is given below:





Instrument Scientist:

Seppo Penttila          665-0641



Staff member:

Susan Seestrom          667-0156



technicians:

Joe Cortez              667-5430



Russell Mortensen       665-3816

                        104-1746





Description of Work



The purpose of the Polarized Proton Target (PPT) is to act as a neutron spin filter. The intense pulsed neutron beam from MLNSC is transmitted through the polarized proton target. One neutron helicity is differentially absorbed and a polarized neutron beam is created. The polarized neutron beam is then transported through various detector stations to a beam stop at 66 m. 



The PPT uses the method of dynamic nuclear polarization (DNP) to polarize the spins of the protons in the target material. With this method, the target material is cooled to 1.0 K, exposed to a 50,000 gauss ( 5.0 Tesla) magnetic field, and irradiated with microwaves at a frequency near 140 GHz. The target material is cooled by pumping a He bath. A superconducting magnet is used to produce the required magnetic field and a separate microwave system produces microwaves for the DNP process.



Figure 1 shows the polarized proton target in schematic form. The target consists of insulating vacuum surrounding baths of liquid Nitrogen (LN2, 77 K) and liquid Helium (LHe, 4 K). The superconducting magnet is an integral part of the 4 K Helium bath. The target material is inserted through a central cold bore and it is this central refrigerator that is pumped to a temperature of 1 K. Liquid Helium is continuously transferred from the 4 K to the 1 K bath.



The following activities are involved with the polarized target system:



System installation

Leak checking

Transfer of liquid helium and nitrogen from transport dewars

Cool down, operation, and warm up

Troubleshooting

Target loading and unloading

System removal



HAZARDS



Cryogenic Liquids and Overpressures



Hazards exist with the use of cryogenic liquids. One of the main hazards arises from overpressures that may occur if the liquid evaporates to gas. The volume ratio between the gas at room temperature and the cryogenic liquid is a factor of about 1000. As a result, unless preventive measures are taken, substantial pressures will occur with cryogenic fluids confined to small, fixed, unvented volumes. Heat loads sufficient to evaporate the liquids can develop if the cryostat's insulating vacuum is lost or if the main source of cooling is stopped. A quench of the superconducting magnet also results in a large heat transfer to the liquid Helium. Overpressures are also possible if a blockage occurs in one of the tubes that exhausts either the He or Nitrogen. Blockages can occur in tubes at low temperature if condensables such as air or water vapor enter the system.



Cryogenic liquids create hazards because of their low temperatures. Contact with the liquids, their vapors, and anything cooled to cryogenic temperatures can freeze living tissue; eyes are particularly vulnerable. Freezing can also cause breakage and loss of strength of materials which are not suited for cryogenic use such as plastic or rubber.



If air condenses on a cold surface, the resulting liquid will contain 52% oxygen, since oxygen condenses at a slightly higher temperature than does nitrogen. Such liquid should be treated as liquid oxygen and not be allowed to contact combustible materials.



Cold surfaces will freeze water from the air, and over time build up ice balls. Ice balls can interfere with the operation of nearby mechanical devices (valves, relief devices, etc.) or cause shorting of electrical connections.



Gases from LHe and LN2 contain no oxygen and can cause asphyxiation by diluting the air. If the oxygen concentration is below 8%, unconsciousness occurs in less than a minute. Depending on the room volume, modest quantities of liquid can create an oxygen deficiency hazard if vaporized. Cold N2 is especially dangerous because it can settle near floor level.



If other gases, particularly air, are allowed to leak into spaces containing LHe and LN2, they will condense and solidify, leading to plugged vent lines (possibly causing dangerously high pressure), plugs in other piping, interference with valve operation, erosion of valve seats and moving parts, and contamination of the desired liquid. Such contaminants will build up over time, since they will not be removed except by warming above their boiling point.



Microwave System



Microwaves are produced by an extended interaction klystron tube. The tube produces up to 15 W of power at 140 GHz. Biological effects produced by microwaves of this frequency are primarily caused by heating body tissue (hyperthermia). Organs which lack adequate blood supply for needed temperature regulation under such conditions are the most susceptible; for example biological effects would be most pronounced in abdominal organs (tissue damage) and eyes (cataracts).



An exposure level of 10 mW/cm2 is the maximum allowed by present standards. A worst case situation would arise if the maximum tube power propagated out of the open waveguide. In this case, the exposure level within a distance of less than one foot from the open waveguide could exceed the 10 mW/cm2 level.



The high voltage power supply is capable of producing over 10 kV dc and up to 100 mA dc. These voltage and current levels are dangerous. An especially hazardous situation could arise if the supply were energized while installing and connecting the high voltage cables to the power supply and microwave tube.



Superconducting Magnet



The polarized target includes a superconducting magnet cooled with liquid helium that produces a strong field of 50,000 gauss.



Magnets in general present both electrical and physical hazards.



The fringe field of the superconducting magnet extends well beyond its physical shape. A magnetic object brought near the magnet will be attracted by the field with large force. The attractive force can be so large that it is impossible to restrain it from being drawn into the magnet. The attractive force changes rapidly with distance. If an individual's hand, arm, etc., were positioned between the object and the magnet, serious injury could result. Additional hazards result if the isolation vacuum is ruptured by an object causing rapid evaporation of LN2 and LHe.



Exposure to magnetic fields and the biological effects on human tissue and cells are a matter of concern.



Superconducting (cryogenic) magnets present hazards associated with the use of cryogenic fluids such as liquid helium and nitrogen. A quench results in a rapid release of energy and the evaporation of LHe which may result in high pressures.



Very high voltages can be generated by the energy stored in the magnetic field if the circuit is opened when the magnet is energized. The current discharge time depends on the charge, inductance, and discharging voltage; in our case this is quite long. When the power supply is turned off the magnet leads are automatically shorted.



Vacuum



The target has several vacuums which consist of pumps, vacuum instrumentation, and mechanical hardware. Normal mechanical and electrical hazards are associated with the use of this equipment.



The beam windows of the cryostat have been made from  0.040 inch thick  Aluminum sheets. Rupture of the vacuum window or sudden loss of the isolation vacuum will cause rapid evaporation of cryogens and dangerously high pressures.



Compressed Gases



Cylinders of compressed He and N2 gas are used to purge and backfill various lines and volumes. The cylinders are pressurized to 2500 psi and as such present the normal hazards associated with compressed gases. If the gases are mixed, i.e., using N2 gas to pressurize a LHe dewar, a dangerous condition could arise from the N2 gas freezing and blocking vent lines.



Mechanical



The PPT and other support equipment must be transported to (from) the experimental area for installation (removal). This involves the use of equipment such as pickup trucks and forklifts for transportation and overhead cranes for lifting. Hazards exist with the use of this equipment.



The equipment is installed, operated, and removed from the cryostat cave of Flight Path 2 at MLNSC. This involves the use of small power and hand tools, ladder and step stool. Small power tools such as drills can produce flying metal pieces that could cause eye damage. Associated with any mechanical work area are a variety of potential hazards, such as slippery surfaces and floors, sharp and/or pointed objects, tripping hazards, etc.



Electrical



The target uses low voltage, low current analog and digital electronics for general instrumentation and readout. The 140 GHz microwave tube uses a 10 kV dc (up to 100 mA) power supply of commercial manufacture. These voltage and current levels are dangerous and pose a serious safety hazard if they are not handled appropriately.



Standard 120 V ac electrical power is used for the instrumentation, vacuum pumps, cooling water supply. Standard 208 V ac power is used for the magnet power supply and microwave power supply. Standard 480 V ac power is used for the high capacity pump system. This equipment is of commercial manufacture and designed to operate safely. Normal hazards exist with this type of electrical power.



A cryogen spill can freeze the insulation on electrical cables. If the insulation cracks and there is a build up of frozen water vapor, an electrical short can develop. This can be quite hazardous depending on the voltage and current carried by the cables.



SAFE PROCEDURES



Cryogenic Liquids and Overpressures



The cryostat utilizes LHe as the main refrigerant and LN2 to cool the heat shield.



LHe is stored in commercial dewars and supplied to the cryostat through commercial, vacuum-jacketed transfer lines. LHe dewars are fitted with a number of pressure relief valves, only one - the lowest cracking pressure -  can be valved off. This relief valve should only be valved off when the transfer from the dewar to the magnet requires it. There is always at least one relief valve that cannot be valved off. The main valve of the dewar  should always be closed unless the dewar is connected to a transfer line to prevent blockage of the opening with ice. LHe in dewars is always under pressure. Opening the valves or fittings of the dewar has to be done very carefully. Do not trust the pressure indication shown by the pressure gauge of the dewar!



Overpressure relief valves are installed on the cryostat's insulating vacuum and at other strategic locations in the system so there are no unvented volumes.



Two quench valves must be mounted on the Helium volume of the cryostat.



Standard laboratory practice should be followed for handling cryogenic liquids. This includes use of gloves and safety glasses.



The cryostat cave, in which the polarized target is located is equipped with a low oxygen monitor, as is the surrounding experimental room, ER-1. These monitors are tied into the ER-1 evacuation alarm, and cause an alarm if the O2 level drops below 19.5 %. The cryostat cave is exhausted to the outside and the ventilation system is also connected to the ER-1 evacuation alarm. This alarm system must be activated before cryogens are introduced into the target in the Experimental Cave of Flight Path 2 at MLNSC.



Microwave System



An illuminated warning sign, which comes on when the power supply is turned on, will be placed near the microwave tube.



Only Qualified Operators shall connect, disconnect, energize, or deenergize the microwave system.



Before the microwave tube can be turned on (i.e., high voltage applied to it), the waveguide that connects the tube to the target cryostat must be checked to insure that it is installed.



Before the waveguide is removed, the power supply must be turned off and unplugged from its power source. After removing the waveguide, a blank off or terminating flange must be installed on the waveguide.



Before connecting or disconnecting high voltage power leads, the power supply must be turned off and disconnected from its source of power.



Superconducting Magnet



Barriers and signs are to be placed around the magnet and around the cryostat cave indicating that magnetic objects cannot be brought inside the barriers with the magnet energized.



The magnet's fringe field can affect cardiac pacemakers, metal prosthesis, and credit and access cards with a magnetic strip. Visitors and personnel must be warned of this with appropriate signs and training.



Personnel must avoid unnecessary exposure to high magnetic fields. The guidelines for occupational exposures to DC magnetic fields are given below:





                    Exposure (gauss)



                 8 h   < 1 h   < 10 min

Whole-body 

or head          100    1,000     5,000



Extremities    1,000   10,000    20,000





Before the magnet is energized insure that all necessary warning signs and barriers are installed. Remove all loose magnetic materials within the barriers. Inform any personnel working in the cave that the magnet is about to be turned on.



Before the magnet is energized, two quench valves must be mounted on the Helium volume of the cryostat.



Superconducting magnets present hazards that are unique because of the large amount of stored energy. Extremely high voltages can be generated if the circuit is opened when the magnet is energized. Before work is done on any cryogenic magnet, the current must be decreased to zero. The circuit must not be touched until personnel are certain the current is zero.



The superconducting magnet has a persistent mode in which the power supply does  not control the current in the magnet coils. Before touching the  circuit the magnet must be taken out of persistent mode and the current discharged.



While the magnet is worked on or the circuitry is touched, the power supply shall be locked out according to Laboratory Lockout/Tagout Procedures.



Vacuum



All vacuum spaces will be protected by appropriate pressure relief valves.



The cryostat windows are 0.040 inch thick aluminum. When the magnet is energized the windows will be protected from sharp objects that may be attracted by the magnetic field.



Compressed Gases



Laboratory policy for use of compressed gases should be followed.



Mechanical



Only experienced personnel who are qualified in the use of the necessary equipment will be involved in the mechanical installation. To insure the stability, rigidity, and general integrity of equipment, the mechanical design is done by qualified personnel. The Guidelines in the Laboratory ES&H Manual related to crane and forklift operation must be followed when that equipment is used.



Electrical



Equipment that operates on 120 V, 208 V, or 480 V ac power is designed to operate safely and is checked before operation.



All electrically powered equipment must be de-energized and unplugged at the power source before it can be worked on. If electrical equipment must be worked on while energized, then the appropriate SOP's and SWP's covering work on energized electrical equipment must be followed.



Work on the microwave power supply can only be done by personnel approved to do so by a Qualified Operator.



A sign that states the location and designation of the electrical circuit breakers will be placed at Flight Path 2 and on the appropriate pieces of equipment.

�

�EMERGENCY PROCEDURES



�Cryogenic Emergency



A cryogenic emergency is the unexpected release of cryogenic liquid or the presence of low oxygen levels in either the cryostat cave or ER-1.



Evacuate the area immediately. Notify one of the contacts listed below:



Seppo Penttila          665-0641

Susan Seestrom          667-0156



Follow the procedure detailed MLNSC-SOP-01

“Plan for Safe Operation of the Polarized Neutron Facility” for re-entry after a cryogenic failure.



If a person has collapsed within the cave during a cryogenic emergency, do not enter the cave to attempt a rescue. Call 911 and request assistance for a victim incapacitated in an oxygen depleted environment. Send someone to meet the emergency vehicle and direct to where it is needed.



If a person has collapsed inside the cave and there is no indication of a cryogenic emergency, you may enter the cave carrying a hand held oxygen monitor. If this monitor indicates a low oxygen level, leave the cave immediately and call 911 for assistance as described above.



Frostbite and Tissue Freezing



If necessary, call 911 and request an ambulance (or pull a fire alarm box). STAY ON THE LINE until the dispatcher has confirmed your location and the nature of the accident.



Remove any clothing that may restrict circulation in the frozen area.



DO NOT RUB FROZEN PARTS; TISSUE DAMAGE WILL RESULT. If part of the feet are frozen, DO NOT WALK.



As soon as practical, immerse the affected part in warm (not hot) water (105 to 115 F). NEVER USE DRY HEAT. Keep victim in a warm room if possible. Do not rewarm rapidly. Continue rewarming until the pale blue tint of the skin turns pink or red.



Electrocution or Electric Shock



Turn off the electrical power if it is safe to do so.



Call 911 for ambulance and assistance (or pull a fire alarm box). STAY ON THE LINE until the dispatcher has confirmed your location, the nature of the accident, and you have given other required information.



Provide CPR or first aid until help arrives.



Fire



Evacuate the area.



Pull a fire alarm.



Call the Fire Department or 911 from a safe location. If an ambulance is needed, tell the dispatcher, STAY ON THE LINE and provide all the required information.
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