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��OVERVIEW



Purpose and Scope



This Standard Operating Procedure outlines general procedures and precautions necessary for the safe operation of the Polarized Neutron Facility on Flight Path 2 (1FP02) at MLNSC.



Detailed procedures for operation of the polarized proton target are contained in MLNSC-SOP-02 (Safety Plan for the 1FP02 Polarized Proton Target ). The present document addresses issues involved in operating that target in the environment of Flight Path 2.



Work on 1FP02 takes place at TA-53, MPF-30 in experimental rooms ER-1, ER-2 and the East Yard.



Responsible Individuals



The scientific program and experimental operations on 1FP02 are the responsibility of group P-23. Maintenance of the shutter system and Instrument Personnel Safety System (IPSS) for 1FP02 are the responsiblity of the MLNSC Operations group.



A designated Instrument Scientist in P-23 is responsible for the maintenance of this SOP. The Instrument Scientist will be the primary contact for users of the flight path and safety personnel. Additional Qualified Personnel from P-23 and other groups will share responsibility for maintenance and operation of experimental equipment. ALL users of Flight Path 2, as well as visitors, are responsible for following the procedures outlined in this SOP.



A list of Qualified Personnel and facility contacts is provided in Table A-1.



Description of Facility



The polarized neutron beam facility is located on flight path 2 (1FP02) of Target 1 at the Manuel Lujan Neutron Scattering Center (MLNSC). The intense neutron beam from Target 1 is transmitted through a cryogenic polarized proton target and thereby converted to a polarized neutron beam. The polarized neutron beam, which is used to study neutron transmission or other neutron-induced reactions, is then transmitted to a beam stop located at 66 m. There are experimental stations located on the neutron flight path at 6,11, 25, and 56 meters. The 6-m station is also known as the cryostat cave and contains the polarized proton target. A detailed layout of this flight path and associated experimental areas can be found in Appendix A. Also shown on this drawing are the locations of alarms, telephones, and exits.



HAZARDS



There are several types of hazard present during normal experimental operations on 1FP02. These are:



ionizing radiation



There is a potential for accidental exposure of personnel to ionizing radiation created by the proton beam and the secondary neutron beams. There are three different conditions that must be protected against.



The first occurs in areas that are known to have high radiation levels when the proton or neutron beams are on. On 1FP02 all experimental stations contain hazardous radiation levels when the proton beam is on and the neutron shutter is open. There is also a potential hazard in the cryostat cave when the proton beam is on and the neutron shutter is closed.



The second is due to errant beam conditions which cause high radiation levels in areas that are normally expected to have low levels of radiation.



The third is radiation from beam line components or experimental apparatus that may have become activated during operation. During periods of target or collimation changes, maintenance and set-up as well as during demolition and removal of experiments there is a hazard of personnel exposure to activated beam line components or experimental apparatus. This includes the hazard of exposure to the general public if radioactive parts are transferred off site.



Flight Path 2 has a short section of unfenced and unshielded beam line near the south wall of ER-2. There is a potential hazard due to the accidental introduction of material into this beam line that might scatter neutrons and hence produce a high radiation level outside of the beam pipe.



cryogenic fluids



Large amounts of cryogenic fluids are present inside and outside of the cryostat cave on 1FP02. The cryostat cave and 11-m station form an continuous enclosed cave of dimensions approximately 5 by 23 feet. Contained within the cave is the polarizing cryostat, main collimation, neutron spin reversal system, and samples used in the experiment. Up to 100 liters of both liquid helium and liquid nitrogen are contained within the cryostat. The major hazard in this area is the potential for oxygen displacement due to the boil-off or accidental release of liquid nitrogen or liquid helium from the cryostat or the release of liquid helium from a 500-liter dewar or the release of liquid nitrogen from a 160-liter dewar that are placed in ER-1 to refill the cryostat.



magnetic fields

high voltage

microwaves



The super-conducting magnet and microwave system used to polarize the proton sample present additional hazards. The superconducting magnet is operated at fields up tp 5.0 Tesla. The strong fringe fields from the magnet extend far from the magnet. In Appendix A has shown the field strengts around the magnet. The maximum field of the spin flipper is 100 gauss. The microwave system presents a potential of injury through exposure to the microwave power. There is also an electrocution hazard from the high voltage power that drives the klystron tube.



lasers



Diode laser arrays are used to polarize a high pressure (5 atm) 3He gas cell in the cryostat cave. The output power of the diode lasers is 20 watts at a wavelength between 790 -- 800 nm. The output power density is up to 2,000 watts/cm2 per laser. The lasers are operated in continuous wave (cw) mode.These lasers are classified as Class 4 (See AR 5-2). With this type of laser, direct viewing of laser light or scattered reflections can cause irreversible eye damage. In addition, these lasers are fire hazards and can cause skin damage.



vacuum windows



There is a potential hazard from vacuum windows on the long evacuated flight path. Accidental puncturing of these windows while the system is under vacuum could cause injury.



STANDARD PROCEDURES



General Procedures



All electrical repairs are to be carried out under the applicable sections of the Laboratory Health and Safety Manual. Particularly pertinent are the two-man rule for energized equipment and not working alone. Electrical hazards are the normal AC power from an outlet, high voltage on the klystron power supply, and high voltage associated with detector electronics. Electrical work on the microwave system shall only be performed when the power supply is locked off.



Elements of the microwave guide system shall only be disassembled when the klystron power supply is locked off.



Removal of the roof of the cryostat cave and access to equipment inside the cave may require the use of the overhead bridge crane. Only trained operators are allowed to use the crane.



Vacuum beam pipes often contain thin windows. Before working in the vicinity of thin windows covers should be mounted to prevent accidental puncture of the windows.



The experimental caves of 1FP02 are equipped with an Instrument Personnel Safety System (IPSS) which interlocks access to these areas so that they may only be entered when the neutron shutter is closed. The IPSS is built, maintained, and tested by MLNSC as specified in the MLNSC facility SOP. At the beginning of each running period a radiation survey will be performed in conjunction with ESH-1 to assess that the radiation levels in the cryostat cave are low when the neutron shutter is closed and the proton beam is on.

Any apparent malfunction of the IPSS should immediately reported to the MLNSC IPSS officer. Under no circumstance should any experimenter try to repair or modify the IPSS system.



Parts of the flight path that are not controlled by IPSS may occasionally be disassembled to expose the neutron beam path. Such an operation requires that the neutron shutter be closed, disabled by the MLNSC IPSS officer. 



Removing and Replacing the Unshielded Beam Pipe Section in ER-2



The unshielded and unfenced section of Flight Path 2 is approximately 10 feet long. It is equipped with IPSS instrumentation to prevent the shutter from being opened if the beam pipe is not in place. The pipe is seldom removed except during cycle breaks.



No collimators are placed in this section of the pipe and the upstream collimators are designed to prevent the beam scraping on this section.



If there is occasion to remove the pipe, it will be checked to ensure that there is nothing inside before it is replaced. A tag will be installed bearing the data the pipe was installed and the name of the person certifying that it was empty at the time. The tag will be mounted in such a way that the pipe cannot be removed without taking it off. The tag will be obvious to anyone passing the beam line.



A neutron detector is mounted next to this beam pipe. This detector is part of the RSS; if radiation levels in excess of 20 mrem/hr are detected, the H- beam is shut off.



Use of Cryogens on 1FP02



Two separate systems are used to protect personnel from exposure to a potentially oxygen depleted atmosphere:



ventilation

low-oxygen alarms



The ventilation system is designed to prevent build up of either helium or nitrogen gas from the boil off or spill of cryogens. The cave containing the cryostat is forcefully exhausted through a four inch diameter pipe by a blower (located in the Target 1 service area) to a point outside the building. A microswitch at the pipe entrance on the cave floor near the bulk shield provides a positive indication that the ventilation system is functioning. Another microswitch at the exhaust port for ER-1 provides a positive indication the room exhaust system is working. Actuation of either of these switches or the loss of electric power, activates a loud ER1 evacuation alarm.



Oxygen levels in ER-1 as well as in the cryostat cave are constantly monitored. A series of oxygen sensors connected to the ER-1 alarm system is installed with sensors being located at chech level outside the cave near the bulk shield on the shutter mercury reservoir, inside the cave behind the cryostat, and between FP2 and FP1. If the oxygen level at any sensor drops below 19.5 % the ER-1 evacuation alarm is activated.



The oxygen alarm system is active anytime ER-1 is occupied. The 1FP02 cave exhaust can be disabled when cryogens are not in use. A keyswtich is used to indicate the presence of cryogens. This key is controlled by the instrument scientist who is responsible for turning it to the Enable position before cryogens are introduced and turning it to the Disable position when cryogens are no longer in use. The ER-1 evacuation alarm will sound if cryogens are Enabled without first turing on the exhaust fan or if the exhaust fan is turned on without first enabling the exhaust system in the ER-1 evacuation alarm.



Normal laboratory practice for handling cryogens shall be followed. These include the use of gloves and safety eyeglasses when pouring cryogenic liquids.



Entries to 1FP02 Caves



The Instrument Personnel Safety System (IPSS) controls access to all the caves of 1FP02. There are two active components to the IPSS, a box located outside the cave adjacent to the door and a reset box which also serves as a scram switch located inside the cave. The procedure for entering any cave is to first close the neutron shutter and then press the door release button that allows the door to be opened. The door cannot be opened unless the shutter is closed complitely. When an entry is complete, the experimenter must search the cave to assure that no one is inside and hit a reset button inside and outside the cave. The detailed steps of the entry procedure are listed in MLNSC-ROP-01 (Entry and Sweep of 1FP02 Caves ).



As mentioned above, the ER1 evacuation alarm system monitors the cave ventilation and the oxygen levels inside and outside of the cave. If this alarm is sounding do not enter the cave, and leave ER-1 immediately.



Filling the Cryostat in 1FP02



The most likely time for large cryogenic spills is during a filling or maintenance of the cryogenic systems and therefore special caution should be used during this operation. 



Occasionally, a low oxygen level can trigger the  ER-1 evacuation alarm during a filling of cryogens. This is usually due venting helium gas from the dewar directly under the oxygen sensor or the exhaust lines have come loose.



The proper procedure if the ER-1 evacuation alarm sound during the filling is:



Stop the cryogen filling immediately.



Leave ER-1.



Go to the alarm panel near the North gate of ER-1 in ER-2. A diagram of this panel is shown in Figure 1. The cause of the alarm is indicated by a red light in the right hand column of LED's, labeled Off.



If the cause is not the FP2 O2 Safe, call to CCR at 7-5729 and explain your observations then call to the FP2 instrument scientist. When to go back to ER-1????



If the cause was the FP2 O2 Safe, check that the oxygen levels on sensors (1,2) and (5,6) are greater than 19.5 %. In this case the green ON LED should be lit. Call to CCR at 7-5729 and explain the cause of the alarm. When to go back to ER-1?????



If the green ON LED is on, press the alarm reset button. The alarm should stop.



If the oxygen levels are not greater than 19.5%, wait 5 minutes and repeat steps 5 and 6.



After the alarm has stopped, call CCR at 7-5729 and inform them of the source of the ER-1 evacuation alarm and that it has been reset.



Resume filling.



Re-entering ER-1 after Evacuation for a Cryogenic Emergency.



If ER-1 has been evacuated because of low oxygen levels when filling is not

in progress, extra care must be taken before re-entry.



If there is no evidence of a cryogenic spill, first perform the steps listed

in section 3) above. If after 10 minutes the oxygen monitors still indicate

low oxygen levels, call someone from the P-23 and MLNSC call lists. They

will then assist in performing the following procedure.



Make sure the ventilation system is operating.



Open the south door into ER-1.



Calibrate two hand-held oxygen monitors in fresh air outside ER-2 to read 20.9%.



At least two persons who have been trained and are familiar with this SOP must be present.



Both people cautiously enter ER-1 through the south tunnel, monitoring oxygen levels as you go.



If at any time levels below 19.5 % are encountered leave the area and wait for an additional ten minutes.



Continue progress toward the 1FP02 Cave.



If the cave door is open, one person shall enter and measure oxygen levels inside. If levels below 19.5% are encountered leave. The second person shall wait outside the cave and monitor the oxygen levels and keep in contact with the person inside the cave.



If the handheld monitors indicate safe oxygen levels inside the cave call someone from the P-23 and MLNSC call list to help find the source of the false alarm.



If the cave door is closed and it is the oxygen monitors inside the cave that indicate a low oxygen level, make sure the ventilation system is operating, open the door and go back to the tunnel entrance and observe the oxygen levels at that point.



If the level doesn't fall within 10 minutes, slowly approach the cave, monitoring the oxygen as you go.  One person should enter the cave and measure the oxygen levels. If they are below 19.5%, leave and wait 15 minutes and then try again. 



If the handheld monitors indicate safe oxygen levels call someone from the P-23 and MLNSC call lists for assistance in locating the faulty alarm.



��EMERGENCY PROCEDURES



Radiation Occurrence



Any radiation occurrence, such as a spill of radioactive material or unanticipated and/or unexpected exposure of personnel to ionizing radiation must be reported immediately to the Area A HP Office or to the Accelerator Health Protection Group Office (ESH-1) . It should also be reported to the MLNSC and WNR safety officers as soon as possible.



Contacts:



Accelerator Health Protection   ESH-1           667-5890

ESH-1 Area Office                               667-7069

MLNSC Operations Manager        Torben Brun     667-8841

Instrument Scientist            S. Penttila     665-0641



Cryogenic Emergency



In the case of a cryogenic emergency such as the unexpected release of liquid nitrogen or helium or the presence of low oxygen levels in either cryostat cave 1 or ER-1 evacuate ER-1 by the nearest exit, sounding the  evacuation alarm as you leave. Follow the procedure detailed in this document for reentry after an ER-1 evacuation alarm. In the case of any cryogenic emergency notify one of the people listed below.



If a person has collapsed within the cave during a cryogenic emergency, do not enter the cave to attempt a rescue. Immediately call 911 and request assistance for a victim incapacitated in an oxygen depleted environment.  Send someone to meet the emergency vehicle and direct it 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 hand held oxygen monitors. If these indicate low oxygen levels, leave immediately and call 911 for assistance as described above.



Contacts:



Seppo Penttila         665-0641

Susan Seestrom         667-0156

David Bowman           667-4363



Ventilation Failure



If the ventilation system on 1FP02 fails an ER-1 evacuation alarm will sound. Evacuate the flight path imediately and notify CCR at 667-5729 and the instrument scientist.





��APPENDIX A



Description of Flight Path 2



There are four experimental stations located on flight path 2 at 5, 11, 25, and 56 m. The stations in 5 and 11 meters form a continuous enclosed cave that contains the polarizing cryostat, main collimation, neutron spin flipper and samples. The other experimental stations often contain different neutron detectors. The layout of 1FP02 is shown in Figure 2. The location the ER-1 evacuation alarm buttons, shutter controls, IPSS controls, and telephones and intercoms are also shown in Figure 2. 
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