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1 PURPOSE AND ADMINISTRATION

This document is the guideline for the operation of the HB-1 triple-axis spectrometer instrument located at HB-1 in the beam room of the High-Flux Isotope Reactor (HFIR).  This guideline includes routine operations carried out by qualified research personnel, referred to as “users”, who have been trained, and safety precautions to be exercised during these operations.  It also includes specialized operations that may only be performed by certified research personnel (Attachment 1) or certified technical personnel (Attachment 2).  The user training required to become qualified personnel consists of HFIR user access training and additional instrument specific training administered by certified research personnel.  This training must be documented by the training form (Attachment 3) and signed by the user before independent (unsupervised) operation of the instrument is allowed.  

2 REFERENCES
1.
ORNL Radiation Protection Procedures Manual. 

2.
General User Training for HFIR Access.

3.
User Guide for Neutron Scattering Research at HFIR (in preparation).

4.
Computer Manual for Triple-Axis Spectrometer (in preparation).

3 DESCRIPTION OF HFIR BEAM ROOM

Figure 1 is an overall layout of the neutron scattering facilities on the main experiment floor.  The HB-1 spectrometer is located on this floor.  At HB1 and HB3 beam ports there is a main spectrometer that utilizes a large monochromator shield that can be rotated under com​puter control as described below.  This shield provides protection from the primary reactor beam.  The monochromator shields at each beam port are very similar even though the rest of the spectrometer may be quite different.  At the HB-1 port the main spectrometer can be operated as a polarized beam spectrometer.


In addition to the large monochromator shield at each beam port, there are provisions for extracting one or more beams at fixed angles from the primary beam.  These side beam lines are used in different ways for each beam port.  At the side port of HB-1 a 3-axis spectrometer, HB-1A, is installed.  
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	Fig. 1 HFIR beam room plan showing the HB-1 triple-axis spectrometer.


4 DESCRIPTIONS AND OPERATION OF SPECTROMETER COMPONENTS

4.1 HB-1 TRIPLE-AXIS SPECTROMETER

The HB-1 triple-axis spectrometer is illustrated in Fig. 2.  The primary beam from the reactor exits the beam tube and then passes through the main shutter that provides a means for turning the beam off for both the HB-1 and HB-1A instruments. The main shutter is followed by the instrument shutter that affects only the HB-1 spectrometer. The beam then enters the monochromator shield and is incident on the monochromator crystal located on the first axis of the spectrometer.  The monochromator crystal diffracts a pre-selected neutron wavelength determined by the monochromator d-spacing and the diffraction angle 2M.  This monochromatic beam passes through a collimator and a beam-sizing diaphragm and is incident on the sample located on the second axis of the spectrometer.  The beam may also pass through an optional attenuator, monitor counter, or other elements before reaching the sample.  The neutrons scattered by the sample pass through another diaphragm and collimator and then are incident on an analyzer crystal on the third axis to determine their wave​length by diffraction.  The neutrons diffracted by the analyzer at the angle 2 A are detected with a 3He counter.  
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	+. 1 Components of the HB-1 three-axis spectrometer and definitions of spectrometer angles. Note that all angles are measured in the trigonometric sense (counter-clockwise positive), and for the configuration shown  is negative. 


4.2 MAIN REACTOR BEAM SHUTTER

4.2.1 Description


The main beam shutter is a steel cylinder 60-cm diameter with a vertical axis of rotation and with two horizontal beam channels (ports) at an angular separation of 45°.  In the present configuration only Port 1 is used, and Port 2 is sealed with steel plugs.  The Port 1 beam channel includes a sapphire filter and has dimensions of 5 cm W x 15 cm H. 

4.2.2 Operation Procedures

The main shutter is to be operated only by certified research and technical personnel. It is typically opened in the beginning of each cycle and closed during shutdown and for certain maintenance operations. For routinely opening and closing the HB-1 beam, the instrument shutter should be used instead (see section 4.3). The main shutter drum is rotated by turning a shaft that extends from the shutter out through the wall to a crank and gearbox, right of the monochromator shielding (Fig. 3a, left).  On top of the gearbox is a small disk (Fig. 3b) that represents a schematic illustration of the shutter orientation with the shaft axis depicting the direction of the reactor beam. This disc acts as a mechanical indicator of the shutter status. There are three normal orientations of the shutter:  closed, open to port #1, and open to port #2 (blocked).  When moving the shutter between valid positions, the shortest travel route should be used at all times, i.e., the green label “closed” on the mechanical indicator should never point directly away from the crank.
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	Fig. 3a Main shutter control gearbox (left) and status display (right). Here the shutter is closed in “lock out tag out” mode.
	Fig. 3b Close up of main shutter control gearbox, showing the mechanical shutter status indicator disk. As shown, the shutter is closed.


The main shutter status is also displayed by two 4-lamp indicators located above the HB-1 monochromator drum (Fig. 4a) and just right of the gearbox (Fig. 3a, right). On these indicators red lights are illuminated when the shutter is properly oriented at the open channels.  A green light is on when the shutter is properly oriented in the closed position.  An orange light is on during transit from one position to another.  When not operating the shutter, the crank handle should be removed and placed on top of the gearbox.  

4.2.3 Safety Precautions

The lights indicating whether the shutter is open or closed must be in proper working condition at all times!  Verify that all lights are in proper working condition every time the shutter is opened. If a light is discovered to be off when the shutter is open, the shutter must be closed immediately and the defective light repaired.  In case of any inconsistency between the readings of the two light displays and the mechanical indicator, the shutter should be assumed open, and the technical staff is to be immediately notified. 


For any safety purposes, a shutter in transit should be treated as fully open.


The main shutter is subject to lock-out/ tag-out procedures. The standard “DANGER DO NOT OPERATE” tag is attached to the crank axis of the gearbox, with the shaft rotation clamp bracket installed. Do not remove tag or attempt to operate shutter when tag is in place!
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	Fig. 4a Main shutter status display above the monochromator shielding.
	Fig. 4b Beam stop with indicator lights on top. 


4.3 HB-1 INSTRUMENT BEAM SHUTTER

4.3.1 Description


The instrument beam shutter is a steel cylinder 54-cm diameter with a horizontal axis of rotation and 3 horizontal beam channels as can be seen in Fig. 5a. It is located in the beam cubicle right behind the monochromator shield. One port is open and the other two carry pre-monochromator collimators. 

4.3.2 Operation Procedures


The instrument shutter is electronically operated from the shutter control box (Fig. 5b). Indicator lights showing the shutter status are located on the control panel, and on wall status display (Fig. 6). The wall instrument shutter status display is located above the monochromator shielding to the right of the main shutter status display.  The current position is indicated on the control box by “15' collimation”, “30' collimation” and “open” red lights for different open shutter states, and a green light for the closed state. An orange light indicates that the requested position has not been reached and that the shutter is still in transit.  On the wall display a single red light indicates that the shutter is open, the green light indicates that the shutter is closed, and the amber light indicates that the shutter is in transit.
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	Fig. 5a HB-1 Instrument shutter in the cubicle behind the monochromator shield; note collimators in left and right slots.
	Fig. 5b HB-1 Instrument shutter control panel.



The movement of the shutter is controlled by the shutter key and the four buttons in the lower left part of the control panel. With the shutter key set to the “Run” position, pressing one of the buttons down for a short time will initiate an automatic procedure to switch the shutter state. Once the shutter is moving, it will reach its requested destination before it can be moved to another target position. When the key is set to the  “Safe” position the shutter can only be driven to “closed” position.  When not in use, the shutter key should remain in the shutter control box.

Additional controls are located in the lower right part of the instrument shutter control panel and are used to line up the pre-monochromator collimators that are a part of the shutter system. The alignment of the collimators is determined by the rotation about a vertical axis (jog).  The alignment can be adjusted by using the shutter key in an appropriate slot.   Movement is indicated by one of the orange indicator lights above the key slots. Red LED indicators above the orange lights indicate reaching a mechanical limit in collimator rotation.  The collimator alignment system can be operated only by certified research and technical personnel. 

The instrument shutter is subject to lock-out/ tag-out procedures. The standard “DANGER DO NOT OPERATE” tag is attached to the crank axis of the gearbox, with the shaft rotation clamp bracket installed. Do not remove tag or attempt to operate shutter when tag is in place!

4.3.3 Beam Stop Status Indicator and Proximity Alarm System
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	Fig. 6 HB-1 Instrument shutter status wall indicator.


The beam status is indicated by is a red warning light located on the instrument beam stop (Fig. 4b). The red beam-stop light is on, unless either the instrument or main shutter are safely in closed position.  Access to the beam perimeter is guarded by a proximity alarm system. It is incorporated into the instrument operation to provide a safety alert to personnel as they approach the area of the open neutron beam. The alarm is first activated when a “warning zone” (approximately 60 cm to either side of the beam) is infringed. Entering this area triggers a flashing amber light on the instrument beam stop (Fig. 4b). An additional “safety zone” is approximately 30cm to either side of the beam. Infringing the safety zone triggers a loud alarm intermittent signal. At the same time the amber light remains “on”, but stops flashing. 

The proper operation of the proximity alarm system  is assured by regular operational checks performed by certified technical personnel at every reactor cycle startup. The operational check procedure is as follows:

· To check operation of “ALARM” in a SAFE manner CLOSE both Instrument and Main Shutters (GREEN SHUTTER LIGHTS ON).

· Check the PLS for visible changes such as damage or tampering.

· Observe the PLS LED’s (red, green, yellow).

· In the event that at least one on the LED’s is not on when the instrument is operational assume there is a FAULT. In this case the system must be checked by a qualified staff member. 

· Open Instrument Shutter to any OPEN position.

· Move the Main Shutter just off CLOSE position (GREEN LIGHT OFF). The Shutter is still closed, but this will activate the BEAM STOP LIGHT. This will provide protection to personnel during system test.

· Intentionally infringe the protective field while the instrument is in an operational state to check function of the system. The “RED” LED of the PLS must come on and the “ALARM” sounds immediately. In the event the “ALARM” does not sound the system must be checked by a qualified staff member.
4.3.4 Beam Safety

When the instrument shutter is open, an intense beam of neutrons is continuously emerging from the exit port of the monochromator shielding drum; it passes through the sample and stops in the beam stop.  The intensity of this beam will vary depending on monochromator crystal, collimation, and monochromator angle.  Typically the dose rate in the beam at the beam stop can exceed 10 R/hr.  A radiation survey of the radiation area around the instrument should be performed by Health Physics personnel at reactor startup, and after any major changes of instrument configuration. 

Be fully aware of the neutron beam! Do not linger near this beam line!  Do not allow any part of your body to touch or cross the beam line!  When approaching the spectrometer, always check the shutter lights to determine whether the beam is on or not.  The indicators and proximity alarm system must be in proper working condition at all times!  Verify that all lights are in proper working condition every time the shutter is opened. In case of any indicator malfunction, assume the shutter is open and immediately notify certified research or technical personnel. For safety purposes, a shutter in transit should be treated as fully open. 
4.4 MOVABLE SHIELDING PANELS

Since the intensity of the beam emerging from the exit port of the monochromator shield is high, objects in the beam, such as diaphragms and the sample, may scatter a significant intensity of radiation towards work locations occupied by yourself and/or other experimenters.  To reduce this exposure to radiation, the spectrometer must be surrounded by the movable shielding panels.  Do not begin an exper​iment until you have been thoroughly trained in the use of these shielding panels by certified research personnel.  While doing routine work in the beam room, a shielding panel must be located between you and the sources of radiation. Due to tipping hazard, the heavy shielding panels can only be moved by pushing them lengthwise.

4.5 MONOCHROMATOR SYSTEM

4.5.1 Description

The monochromator system (Fig. 7) is comprised of several parts:  (1) a large monochromator shield weighing 35,000 kg that surrounds the monochromator crystal, (2) a monochromator plug insert that holds the monochromator crystal(s), the goniometer mount, and orienting controls, and (3) the exit port that guides the beam to the sample position.  
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	Fig. 7 HB-1 monochromator shield. As shown, the shield has been moved out of the beam cubicle for maintenance. During normal operation the monochromator system is moved in all the way to the right, so that the saddle shield fills the beam cubicle.





The shield consists of a fixed bottom weldment, rotating lower section, fixed upper section and a fixed saddle shield. The entire assembly is mounted on a system of rails that can be rolled out away from the reactor wall for maintenance. During normal operation the saddle shield fits snugly into the HB-1 cave in the reactor biological shield.  


The shield contains a system of wedges that are raised above the reactor beam as it rotates, allowing the beam to enter the monochromator-crystal cavity while providing shielding in all other directions.


HB-1 has different monochromator plugs that can be used for an experiment. Certain monochromator plugs may also house multiple monochromators that can be selected and adjusted remotely. Note: only technical personnel certified for hoisting and rigging are allowed to change the monochromator plugs.  Only certified research staff or technical personnel are permitted to change and adjust monochromators on the currently inserted plug.  


The monochromator plug is accessed from the top, via the mezzanine area. The area can be accessed by means of a designated aluminum ladder with hooks that attaches to the mezzanine railing. The mezzanine is a dangerous area containing open gears and low headroom and presents a fall hazard. The mezzanine is off-limits to all but certified technical and research staff.


The exit port plug is made of brass and borated polyethylene. It holds an assembly of ferrite guide field magnets for polarized measurements. These have been thoroughly aligned to generate a vertical guide field of about 80 Gauss and should not require further adjustment. The exit port plug and magnet assembly are tightly fixed in the monochromator shield and are not meant to be removed. 

4.5.2 Operating Procedures

Rotation of the monochromator shield


The rotation of the monochromator shield or crystal is achieved by energizing a stepping motor under computer control as described in the Spectrometer Computer Manual.  In one mode of operation, a command, which identifies the angle to be moved, is entered at the computer keyboard, as well as the value desired for that angle.  In another mode, the angles are set sequentially to values calculated by a data collection program according to a scanning schedule input by the experimenter.  In both modes the computer reads a shaft encoder to determine that the movement has been successfully accomplished.

Visual inspection of the monochromator
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	Fig. 8a Monochromator inspection light switch.
	Fig. 8b Emergency stop button.

.


It is possible to visually inspect the status of the HB-1 monochromator without removing the monochromator plug. The monochromator crystals can be seen through the exit port, once the beam mask assembly and pre-sample collimators have been removed, as described in Section 4.8.2.  Two light bulbs “L1” and “L2” are installed inside the monochromator shielding and either one can be used for illumination. The light switch (Fig. 8) is located near the base of the monochromator shield, to the left of the exit port. 

The visual inspection should be done using a mirror to avoid possible direct exposure of the eyes to radiation emanating from the exit port.  The visual inspection can only be performed by certified technical and research staff.  The instrument shutter must be in the “closed” position, the shutter lock in “safe” mode, and the shutter key removed from the shutter control panel by the person(s) performing the operation. 

4.5.3 Safety Precautions

Moving the monochromator shield away from the reactor wall can only be performed by authorized technical staff under supervision of Health Physics personnel. The operation can be performed only when the reactor beam tube is flooded with water (using the main shutter alone does not grant sufficient radiation protection). During normal operation the movement of the monochromator shield away from the reactor wall is blocked by a pin-and-lock mechanism, subject to lockout/tag out by authorized HFIR Control Room personnel. A visual inspection of the monochromator shielding position and the lockout tag should be performed by a certified research staff member at the beginning of each reactor cycle or following any major change in HB-1 configuration,


To avoid dangerous radiation levels in the beam room, which would result if the monochromator scattering angle 2M approached 0°, a pin-and-lock mechanical stop is installed to prevent this angle 2M from becoming less than about 18°.  The lock can only be removed by authorized HFIR Control Room personnel. The maximum angle is determined by the point of physical contact between the various parts of the HB-1 spectrometer and either the wall or eventually HB-2 powder diffractometer and is about 94°.  A visual inspection of the monochromator scattering angle and the proper locked status of the pin should be performed by a certified research staff member at the beginning of each reactor cycle or following any major change in HB-1 configuration. 


Note that the monochromator plug insert must always be in place before the main and instrument shutters are both opened.  


With shields, plugs, and locks in place, under normal operating conditions it is not necessary to leave the operator console to verify visually the position of the monochromator angle.  If the monochromator angle fails to reach its destination, or if the encoder electronics fail, the computer will type a message on the screen.


Lingering unnecessarily near the monochromator shielding drum is not recommended.  During normal spectrometer operation the radiological background is likely to be higher in this area than it is well away from the reactor shielding wall.  In addition, the interface between the monochromator drum shield and the wing shield presents possible pinching hazards if fingers or other objects are inserted in the small space in between them.  Care should be taken to ensure that no foreign objects, for example tape, can enter this space and get caught in the monochromator wedges. At any time the motion of the spectrometer can be halted by hitting the emergency stop button, which is located on the monochromator shield (Fig. 8b). Activating this switch cuts power to all motors. To re-activate the spectrometer the switch has to be reset by twisting the switch cap.


The monochromator and various components in the shielding exit port will become radioactive during normal spectrometer operation. Note that the instrument or main shutter must be closed during any work involving configurations of the exit port, including visually inspecting the monochromator and changing pre-sample collimators and beam aperture masks. Note further that changing the pre-sample collimator can only be done by certified research and technical personnel.  

4.6 SAMPLE TABLE, GONIOMETER, AND ENVIRONMENT 

4.6.1 Description

The normal position of the sample is approximately 15.25 cm above the top of the Huber goniometer located on the sample table.  The rotation axis of the sample table is approximately 74 cm from the exit port of the monochromator shield, and about 190cm from the monochromator axis.  The sample table rotation is motor driven under computer control.

The rotation of the sample table is limited by mechanical limit switches located below it. The limit switches are activated by trigger pegs that are mounted on the sample table (see Fig. 9). One limit trigger is permanently attached and limits the rotation to +/- 180 °. Two additional triggers are moveable and can be re-positioned by the user or temporarily removed. 
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	Fig. 9a Limit switch for the S1 (sample table rotation) angle.
	Fig. 9b Location of the moveable S1 limit switch trigger.


It is possible to visually inspect the status of the HB-1 monochromator without removing 
The Huber goniometer has two arcs which rotate about orthogonal Euler axes, one of which is always horizontal.  The top (small) arc can rotate ± 25° and the lower ± 20°; both can be positioned to an accuracy of 0.01°.  The goniometer also has two orthogonal horizontal translation controls that provide ± 150 mm movement with an accuracy of 0.1 mm.  These movements are motorized and under computer control during commissioning.  Consult certified research or technical staff before tilting the arcs with large cryostats or other heavy sample environment equipment on the sample table.


The sample can be placed inside a number of different pieces of equipment providing various environments; including cryostats for low temperatures, furnaces for high temperatures, superconducting magnets and electromagnets for high magnetic fields, and cells for high pressures.  Except for the electromagnet these facilities can be mounted on the Huber goniometer.

4.6.2 Operation Procedures


The main beam shutter OR the instrument shutter must be closed during the performance of any work to install a sample (including environmental equipment) on the sample table. Certified technical staff will provide assistance with such work if necessary.

4.6.2.1 Sample Alignment

Centering


The sample is generally centered both on the axis of the sample table and in the beam.  This may require the adjustment of the two horizontal motions of the sample goniometer.  These adjustments should be done using computer control when possible.


Ambient Environment.  If the experiment does not require the sample to be inside an environmental facility, centering of the sample can be done with the shutter closed by using a laser mounted on the optical bench at the exit port of the monochromator shield.  With the laser beam on the sample, rotate the sample table to orient one of the goniometer translation axes perpendicular to the beam direction, and then move the sample to center it on the beam.  Then rotate the sample table 90° and repeat.


Special Environment.  If the sample is in an environmental facility the neutron beam must be used for centering.  The suggested method is to position a neutron-counting TV camera in the path of the monochromatic neutron beam behind the sample.  While watching the TV monitor, carry out the goniometer translations described above.  When the sample is centered, remove the TV system and proceed with the orienting scans.  When it is not feasible to use the TV camera iterative scanning methods may be employed to center the sample.

Orienting


An approximate orientation of the sample should be determined before mounting on the 3-axis spectrometer by using x-rays or a low-intensity neutron beam.  The final alignment on the 3-axis can then be carried out with the help of an ORNL local contact.  This alignment requires that a systematic search be made for predetermined Bragg reflections using the procedures described in the Spectrometer Computer Manual.


Alignment of monochromator crystals and other elements may require the worker to spend time in close proximity to the spectrometer sample table.  For these activities the HB-1 spectrometer should be used under reduced intensity conditions.  This would mean, for example, that the tightest possible (15') pre-monochromator collimation should be in place, and if feasible an approved attenuator may be placed in the beam. (See section 4.8 for details of collimators, etc.)
4.6.2.2 Environmental Equipment


These facilities are very expensive and can be permanently damaged by improper operation.  Generally only the certified technical staff will have the responsibility for operating this equipment.  Other individuals may assist in their operation after receiving appropriate training.


It is crucial to ensure that the motion of the spectrometer during alignment or measurements does not interfere with any equipment on or around the instrument. This includes any vacuum hoses or cables connected to sample environment equipment mounted on the sample table, as well as vacuum pumps, compressors or power supplies on the floor next to the instrument. To avoid damage, the entire anticipated motion range of the instruments should be examined. Software limits are to be defined in the control program to limit the motion of certain angles. To guarantee safe operation in case of a software failure, moveable hardware limit triggers on the sample table rotation should be properly positioned and checked before every experiment. Any changes to the limit settings should be recorded in the spectrometer logbook.
4.6.3 Safety Precautions


It should be remembered that even with the shutter closed, the sample or parts of the equipment exposed to the beam during the experiment might be emitting radiation due to the activation caused by prior exposure to the neutron beam.  Certified research or technical personnel or Radiation Control staff can be contacted at any time for more particular information. Any changes in sample or sample environment should be followed by a radiation survey performed by certified personnel. 


Sample orientation work may require standing close to the sample table where the radiation dose rate can exceed 10 mr/hr.  Such work should only be performed after the actual dose rate has been established by a radiation survey. Do not approach the sample table with the shutter open unless absolutely necessary.  Follow the as-low-as-reasonably-achievable (ALARA) principle to minimize personal radiation exposure. Never put any body parts in the direct beam! Never step across the beam stop arm even if the instrument shutter is closed!

The maintenance of the sample environmental equipment during the experiment, e.g., filling a cryostat with liquid helium, may require standing close to the sample table.  The instrument shutter should be closed before carrying out such work.  


Fixed hardware limit switches or triggers shall never be removed from the instrument or re-positioned. The one exception are the moveable limit triggers on the sample rotation angle S1, that can be adjusted by the user provided that any changes to the limit settings are recorded in the spectrometer logbook.
4.7 ANALYZER AND DETECTOR SYSTEM

4.7.1 Description
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	Fig. 10 Locations of wedge lifter reset switches right behind the protective cage on the wedge lifter mechanis.



The analyzer and detector system is mounted on an arm that rotates about a vertical axis centered on the sample table to give the sample scattering angle, .  It consists of an analyzer crystal located inside a shielding drum and a detector in a shielding drum that is mounted on an arm which rotates about a vertical axis centered on the analyzer.  The analyzer crystal is rotated to determine A and the rotation angle of the detector arm determines 2A.  The analyzer-crystal shield has wedges that are electro-mechanically lifted over the beam path between the analyzer crystal and the detector as the analyzer diffraction angle is changed.

4.7.2 Operation Procedures


The rotations of the  arm, the analyzer crystal, and the detector arm are achieved by energizing stepping motors under computer control.  As described above and in the Spectrometer Computer Manual, all motors can be moved individually by entering the appropriate command at the computer keyboard, or they can be set automatically to values calculated by a data collection program.


In certain cases the electromagnetic wedge lifters may become desynchronized with the actual positions of the analyzer shield wedges. This problem can in most cases be corrected by resetting the wedge lifters to their “home” position. This is accomplished by pressing the two “Reset” buttons located on the rear side of the wedge lifter mechanism, just under the protective cage, as shown in Fig. 10.


The installation or removal of an analyzer crystal must be carried out by certified research or technical personnel. Each analyzer crystal is mounted on a small goniometer having manual controls for arc and translation movements.  These controls have been adjusted previously to give optimum performance of the analyzer and normally should not require any further adjustment.  The goniometer is attached to a carriage that mates with the rails of a short section of an optical bench.  The carriage is held in place by a thumbscrew-actuated wedge.  To remove or change the analyzer crystal, carry out the following steps:

1.
Manually raise three or four of the shielding-drum wedges and hold them in the raised position with supports to make an opening large enough for the crystal to pass through.

2.
Remove the small pieces of shielding that cover the optical bench.

3.
Loosen the thumbscrew on the carriage and lift the carriage and the crystal off the optical bench.

4.
Bring the carriage-crystal assembly outside the shield through the opening described in Step (1) above.  This will probably require rotating this assembly 90° to bring the original vertical rotation axis of the assembly into the horizontal orientation.

5.
To mount the new analyzer, carry out steps 1–4 in reverse order.


The detector shall never be removed from its shield, nor shall the associated electronics (high voltage, amplifier gain, etc.) be adjusted except by certified research or technical personnel.

4.7.3
Safety Precautions

The instrument shutter should be closed before changing analyzers.   It is also advisable to set the spectrometer angles such that the analyzer is well away from the direct beam.  

4.8 COLLIMATORS, BEAM APERTURES, ATTENUATORS

4.8.1 Description


In order to limit the horizontal divergence of the beam, collimators can be inserted in the beam line at several positions: pre-monochromator, pre-sample, pre-analyzer, and pre-detector.  These collimators are Söller collimators comprised of long, thin parallel sheets (septa) of neutron absorbing Cd or Gd2O3-coated mylar, separated by an appropriate distance to provide the desired beam divergence.  In addition, diaphragms made of B4C and having variable apertures can be inserted in the beam to limit the horizontal and vertical beam dimensions.   Attenuators can also be placed in the beam to reduce the neutron beam intensity.

4.8.2 Operation Procedures

4.8.2.1 Pre-monochromator collimators

Pre-monochromator collimators are an integral part of the instrument shutter. See section 4.3 for operation details.

4.8.2.2 Pre-sample collimator

The pre-sample collimator can be removed or installed by certified personnel only. The collimator blades are permanently enclosed in an aluminum housing 15 cm tall, 5 cm wide and 25 cm long (Fig. 11b, top). The collimator should never be disassembled and the blades never removed from the housing. The collimator is mounted on top of the base 

plate (Fig. 11a, bottom left). The assembly is held in place by aluminum dowel pins in the base plate that snuggly fit into a set of holes on the collimator (Fig. 11c). The collimator insertion tool (“T-handle”) is then screwed into a threaded hole in the base plate, as shown in Fig. 11d. It is essential to screw the tool in all the way, to avoid thread damage during collimator insertion. Next, the beam mask assembly is removed from the beam exit port (see section 4.8.2.3), and the collimator and base plate are inserted into the HB-1 exit port opening. Guiding pins on the bottom of the base plate should fit into appropriate grooves inside the exit port opening. The base plate is inserted until it touches a solid taper approximately 40 cm inside the exit port opening. The insertion tool is then detached from the base plate. Finally, the beam mask assembly is installed back in place. 

The same procedure carried out in reverse is used to remove the collimator. When not in use the collimators are kept in a designated cabinet in the HB-1 area (Fig. 11a).

4.8.2.3 Pre-sample beam apertures

The pre-sample apertures can only be changed by certified research personnel. The apertures are approximately 5 cm wide, 15 cm tall and 15 cm long brass housings filled with neutron-absorbing borated material. A range of apertures with different beam openings is available. For use on the instrument an aperture is inserted onto the beam mask with the two distinct black dots on the aperture housing facing the monochromator. The mask assembly (mask and aperture) is then inserted into the beam exit port after the collimator. The assembly is held in place by friction. When not in use the beam masks are kept in a designated cabinet in the HB-1 area (Fig. 11a).
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	Fig. 11a Storage cabinet for analyzer crystals, filters, beam apertures and collimators.
	Fig. 11b Pre-monochromator collimator, collimator base plate and collimator insertion tool.
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	Fig. 11c Mounting the collimator on the base plate.
	Fig. 11d The collimator insertion tool is tightly screwed into a threaded hole in the base plate.


4.8.2.4 Pre-analyzer 


Each pre-analyzer collimator is a separate unit that is attached to a carriage that mounts onto an optical bench attached to the analyzer shield.  Each unit has been carefully aligned to give optimum performance.  Do not attempt to alter the alignment of a collimator without the supervision of certified research personnel.  Be extremely careful not to touch the septa while mounting a collimator, as bent septa can permanently ruin the entire unit. When not in use the collimators are kept in a designated cabinet in the HB-1 area (Fig. 11a).


Each pre-analyzer beam mask is a separate unit that fits a bracket mounted on an optical bench.  Several fixed aperture sizes are available.

4.8.2.5 Pre-detector


Each pre-detector collimator is a separate unit that mounts onto the bottom of a removable section of the detector shield.  Do not change or adjust this collimator without the supervision of certified research or technical staff. When not in use the collimators are kept in a designated cabinet in the HB-1 area (Fig. 11a).


Each pre-detector diaphragm is a separate unit that slides into a slot in the shielding unit between the analyzer shield and the detector shield.  Several fixed aperture sizes are available.

4.8.2.6 Moveable Slits


Pre-assembled motorized moveable slits are usually placed on the optical bench mount in the pre-sample position.  These slits are opened and closed under computer control.

4.8.2.7 Temporary masks 


To reduce neutron background it is sometimes desirable to use special configurations of neutron absorbing material intended for only a single experiment.  However, this can present a radiological hazard if the wrong material is used in the wrong location.  In particular, cadmium masks should not be placed in the incident (pre-sample) neutron beam.  Certified research personnel should be consulted if special masking configurations are needed.

4.8.2.8 Attenuators


The neutron beam intensity may need to be reduced for some measurements.  For this purpose attenuators may be placed in different positions.  Most typically attenuators are placed immediately following the monochromator drum shield exit port.  If this is done correctly it can reduce the radiological background, however, incorrect placement or poor choice of materials can produce a significant radiological hazard.  In particular, cadmium must not be used as an attenuator in the incident neutron beam.  Under most circumstances Lucite attenuators should not be used in the incident neutron beam. A range of safe Boron-Aluminium (boral) based collimators are available 

The only attenuators placed in the incident beam should be those approved by the certified research staff and group Radiation Control officer.  The eventual plan is for approved attenuators to be inserted and removed remotely under computer control.

4.8.3 Safety Precautions


The installation or removal of a collimator or a diaphragm involves doing work that can bring your body close to the beam line, hence care must be taken.  At least one of the main shutter or instrument shutter must be closed before changing any pre-sample collimation or manual changing of other elements in the path of the incident neutron beam.
5 GENERAL RESPONSIBILITIES AND PRECAUTIONS


The certified research personnel will instruct users and new staff members in the proper operation of the triple-axis spectrometers as described above prior to permitting them to work independently.  This training must be documented and a form shall be signed by the user and a staff member, and then sent to the CMSD training coordinator.

All changes to the spectrometer configuration must be documented in the instrument log book, available at the spectrometer work station. The current configuration should be verified periodically by certified research personnel.


Experimenters working in the beam room area are responsible for coordinating with RRD any activities that may affect reactor operations.  Experimenters shall coordinate shutter operation with other groups whose experiments are affected by this shutter.


Appropriate HP precautions and procedures shall be followed in the beam room area.  All the applicable radiological protection procedures shall be observed, and all of the radiological postings shall be obeyed while performing any activity in the beam room area.  Work in any areas posted as “Radiation Area” is regulated by a Radiological Work Permit, (RWP), which specifies the requirements and precautions to be followed. The space surrounding the open neutron beam is posted as a “High Radiation” area; access to this area is prohibited. An intrusion alarm will provide an audible alert that this high-radiation area is being approached.  The Radiological Protection Office (574-6713) shall be notified before beginning any activity which might involve an unknown radiological hazard, or when a doubt exists about the radiological safety of planned conditions or activities.  


Any emergencies shall be immediately reported to the Control Room (574-7035) and the Laboratory Shift Supervisor (911 on internal Laboratory phone).

Attachment 1

Certified research personnel authorized to provide training in the operation of the triple-axis spectrometer HB-1 and perform certain tasks as described above.


Name


Office Phone


J. A. Fernandez-Baca

576-8659


M.D. Lumsden

241-0090


H. A. Mook

574-5242


S. E. Nagler

574-5240


J. L. Robertson

574-5243


M. Yethiraj

576-6069


A. Zheludev

241-0098

Attachment 2

Certified technical personnel authorized to perform certain tasks related to operation and maintenance of the triple-axis spectrometers, as described above.


Name


Office Phone


R. G.  Maples

576-2002


S. A. Moore

574-5251


C. M. Redmon

241-4175


G. B. Taylor

574-5238


J. R. Weir, III

574-5250


D. W. Valentine

576-7748

Attachment 3

Safety and Operational Instrument Training for Users of the 

HB-1 Triple-Axis Spectrometer

 Located in the HFIR Beam Room

This training must be performed by external users for each visit before being allowed to work independently.  ORNL staff must be trained once a year.

· Radiological worker training is required to obtain unescorted access to the HFIR beam room experimental area when the reactor is operating.  The instructions and conditions in the HFIR beam room radiation work permit (RWP) * and all radiological postings must be observed at all times.  Questions regarding the RWP should be directed to the Radiation Protection Office in Bldg. 7900, Room 206, phone 574-​6713.  Users shall be provided with appropriate personal dosimetry by the Center for Neutron Scattering User Services Office located in Bldg. 7962, Room 218.


* I have read and understand the HFIR beam room RWP (HFIR 14003).  



 








                        (please initial)

· The locations of neutron beams and other areas of potentially high radiation in the beam room.

· Evacuation route and assembly points.

· Correct badging, use of electronic dosimetry, and the use of personnel radiation monitors.

· Locations of movable shielding panels while beam shutter is open.

· Operation of all hardware components of the spectrometer; primary and secondary shutters, monochromator system, collimators and beam diaphragms, sample installation and alignment, and analyzer installation and alignment.

· The use of cadmium in places where it can be exposed to the main neutron beam will produce high gamma radiation.  Do not use cadmium in these locations unless authorized by Center for Neutron Scattering (CNS) staff or radiation protection personnel.

· Monochromator changes and changes of pre-sample collimation, either within the shielding or outside the main shield may only be changed under the supervision of CNS staff.

· Operation of computer control software.

· All irradiated samples must be surveyed by health physics staff.  (Reference: CMSD Technical Guideline, “Handling of Samples that Have Been Irradiated with Neutrons.”)

· Additional on-the-job training (if applicable) listed on page 2.

· Users may not perform any work without prior approval of the local contact or instrument scientist.  Any concerns or questions should be referred to the local contact or instrument scientist.
Additional On-The-Job Training for Users of the 

HB-1 Triple-Axis Spectrometer

 Located in the HFIR Beam Room



Items Covered


Yes
No

· Standard sample environment







_____________________________________________


_____________________________________________
· Helium transfer


· Liquid nitrogen transfer








· High pressure cell








· Chemistry lab









· Furnace









· Glove box









· Other (list below)





______________________________________________


______________________________________________



I certify that I have completed the Safety and Operational Instrument Training for HB-1, that the points on page 1 have been explained to me, and that I received any applicable on-the-job training listed above.

  __________________________________    ______________________________    ________________

                User Name (print)                                              User Signature                                Badge No.

  __________________________________    ______________________________

    Certified Research Personnel Signature                                Date 

This form shall be signed and dated BEFORE users will be allowed to work independently on the HB-1 Triple-Axis Instrument.  Forward the completed form to J. R. Weir, III, Bldg. 7910, MS-6386.   A copy shall be given to the user.
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