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[bookmark: _Toc305443442]Scope and Purpose
This document addresses all technical and safety issues in a comprehensive manner regarding the scanning electron microscope (SEM).  The SEM is a sophisticated piece of scientific equipment used to characterize the structure and composition of materials typically on a micrometer length scale.  
The SEM is operated under the management of the Superconducting Materials Department (SMD).  The mission of the SMD is to:
· Support the R&D, acquisition, and QC of superconducting materials for development and for construction of superconducting magnets and SRF cavities.
· Foster an R&D environment that brings together national and international collaborators, universities and industries.  Our goal is to understand and develop the next generation of superconducting materials, emphasizing their use in accelerator applications.

The SEM can be used in many ways to accomplish this mission.  Among its uses are: 
· Detailed analysis of the composition of received materials 
· Analyses of structure and composition of superconducting strands
· Identification of composition or chemical elements in unknown materials
· Assessment of changes in material composition or structure as a result of some process
· Analysis of material defects 
· Analysis of crystallographic orientation as a result of rolling, annealing, etc.
· Materials science research
[bookmark: _Ref305443096][bookmark: _Toc305443443]Specimens
Particular specimens can vary widely in form or composition.  A wide range of experimental techniques can also be used to obtain specific information.  These procedures assume the specimen form, specimen composition, and microscopy techniques being used all fall within guidelines found in operating manuals, in the Operating Procedure, taught in academic courses on electron microscopy, or are within the bounding parameters of particular equipment incorporated with the microscope such as its detectors and sample stage.  
The following specimen materials are EXCLUDED from the SEM or the Microscopy Lab:
· Materials that are combustible, flammable, reactive, corrosive, or are unstable samples.
· Radioactive materials. 
· Specimens that require modifications of electron columns or detectors. Only engineers from JEOL USA or Oxford Instruments may perform work on the electron column or on any detector.
· Sample preparation. Samples can be prepared in the Metallography Lab room #004 or at MDTL.	
[bookmark: _Toc305443444]Overview of the microscope
Special features
The following are specific hardware built into or attached to the system:
· A 5 axis motorized eucentric stage that can  translate, tilt, and rotate the specimen (X,Y,Z,T,R)
· Back-scattered electron detector and secondary electron detector
· Energy dispersive x-ray spectrometer (EDS or EDX)
· Electron Backscatter Detection (EBSD ™) orientation mapping system
Instrument capabilities:
· Accelerating voltages: adjustable from 300V to 30kV
· Magnification range from 20X to 300kX. Note: at high magnification of 300kX a mechanical vibration survey revealed some vibrations evident when viewing a sample.  Work at high magnification may need to be performed in late evening hours if this mechanical noise interferes with analysis. If shifting to late evening viewing does not resolve this problem, then discuss the problem with the OPIC and additional arrangements will be made.
· SEI mode resolution is at least 3.0nm and by BEI 5.0nm in the differentially pumped mode.
· In high vacuum mode resolution is 12nm at 1 kV at 8mm WD and 3.5nm at 25 kV using the standard tungsten filament.
· The analytical WD is no greater than 10mm and provides a take-off-angle of at least 35 degrees for EDS analysis.
· Sample stage: tilt eucentric at all WD; 5 axis automation; 100mm x 125 mm x 48mm.Sample holder linked to limits.
· Maximum sample size is 7 inches in diameter when combining rotation with X-Y translation (e.g. X= 125mm and Y=100mm
· The maximum EBSD sample size is limited due to the ‘snoopy-nose’ of the Nordlys II detector.  
Software:
· JEOL 5900LV is currently operating with the SEM Control User Interface 3.11
· Oxford EDS: INCA Microanalysis Suite- issue 18d Vs. 4.15. 
· Oxford EBSD is using the CHANNEL 5 suite of programs HKL A/S 2003: Flamenco, Twist, Project Manager, Mambo, Tango, MapStitcher and Salsa.
Camera
A camera is mounted on the vacuum chamber so that specimens can be observed while moving the stage.
Equipment Calibration
JEOL 5900LV Microscope
There is a contract with JEOL for servicing the microscope.  At the completion of every service call they will check the calibration of the instrument with SEM standards that the engineer brings with him/her.
Oxford Detectors
For the EDS and EBSD there are standards stored in the SEM cabinet that can be used by an operator to check the calibration of either of the two detectors.  If there are any problems with the equipment, notify the OPIC and arrangements will be made for a service call.
[bookmark: _Toc305443445]Location of operations and infrastructure requirements
The SEM is located in the Microscopy Room #003 in Industrial Building 3 (IB-3).  
The SEM requires special voltage stability and controls, and is operated off of an uninterruptible power supply (UPS) connected to the 208 V main — see special precautions under LOTO section 9.0.  The SEM is operated under either a high vacuum mode, or a low vacuum mode (for organics), and has an integrated vacuum pumping system.  The electron gun and the pumping system require water cooling, which uses water circulated in a closed loop by a dedicated chiller.
[image: ]Below is the configuration of room 003.

[bookmark: _Toc305443446]Roles, Responsibilities, Authorities, and Accountabilities
Operations Person in Charge (OPIC)
The OPIC will oversee the operation and maintenance of the SEM.  The OPIC has responsibility for and authority over the scheduling of users, access to the lab space during operations, coordination with other activities, scheduling of downtime and maintenance, and general coordination of all other day-to-day work.  The OPIC is accountable to the Superconducting Materials Department Head and line management for safe and effective operation of the SEM.  The OPIC is also responsible for keeping the Laboratory Manager appraised about all activities in the microscopy room, and is accountable to the Laboratory Manager to coordinate any activities involving the infrastructure or the room itself.
The OPIC is responsible for verifying that users have been authorized to do work according to the authorization procedure in this document.  The OPIC has the authority to oversee the authorization process, verify all training and safety requirements, and recommend new users for addition to the authorized operator / user list.  
The OPIC has responsibility to coordinate an annual review of this operation procedure with the TD Senior Safety Officer.
Authorized Users (also Operators)
Only persons that are authorized according to the Authorization Procedure are permitted to use the SEM.    These persons are users or operators.  Authorized users have the responsibility to make entries in the logbook for all activities.  Authorized users have the responsibility to operate the SEM according to procedures and scope described in this document.  Users have the responsibility to report any abnormal operation of the instrument to the OPIC, such as failure of the electron source filament.  Users shall coordinate activities with the OPIC and shall maintain the access controls and work hours set up by the OPIC, if any.
The OPIC is an authorized operator.
Laboratory manager
A laboratory manager has been appointed by the Superconducting Materials Department Head and has authority over the infrastructure and the room space itself.  The laboratory is responsible for ensuring that the laboratory space and infrastructure meet the needs of the operations.
Authorizing Agent
The Authorizing Agent (AA) is a line management position, usually the Head of the Superconducting Materials Department, who has authority to grant or revoke authorization to operate the SEM.  Under any circumstances, the Head of Technical Division shall always have authority to act as AA.  The AA has responsibility to review petitions for authorization approval in an appropriate manner, in conference with the OPIC.  The AA also has responsibility to report changes in the list of authorized operators to the Laboratory Manager and other elements of line management.
[bookmark: _Toc305443447]Requirements for Operation of the SEM
General Operating Requirements
This entire document must be read and understood by qualified users/operators.  Since this is a sophisticated scientific instrument, users/operators shall have had some previous instruction in operating an electron microscope.  There are some differences between microscopes in various laboratories so it is important that each operator reviews this Operating Procedure as well as the documentation from JEOL or from Oxford Instruments in order to obtain the best scientific information for your analysis/research.  
Operating manuals
The SEM is operated in a standard imaging and microanalysis operating mode as described in the instrument manufacturers operating manuals.  A bookcase in the Microscopy Room has the following operating manuals:
· JEOL JSM 5900LV Presentation Package and Instruction Manual
· Oxford: Link ISIS Operators Guide
· EDS X-Ray Analysis Volumes 1-3
· EBSD Channel 5 Suite
Training
Fermilab training courses
All authorized operators must be current in the following training
· Suitable university or manufacturer-endorsed training in the use of electron microscopes
· Basic Computer Security [FN000374/CB/01] 
· Computer Workstation Ergonomics [FN000324/CR/01]
· Hazard Communication [FN000156/CR] 
· Radiological Worker - Classroom [FN000470/CR/01]
· Radiological Worker - Practical Factors [FN000471/OJ/01]
Casual Fermilab visitors in the room or operators of the Keyence LSCM will need to have completed General Employee Radiation Training GERT [FN000241/CR], since this area is designated as a radiologically controlled area.  For other non-occupational visitors, company engineers, or vendors they shall be escorted by an authorized operator who has Radiological Worker training.
In addition, the OPIC and any operator designated by the OPIC to perform work to replace the filament or fill the EDS dewar shall have
· Basic Electrical Safety [FN000235/CR/01]
· Cryogenic Safety (General) [FN000115/CR/01]
· Waste Generator Training [FN000240]
· TD Chemical Hygiene Plan Training [TD 4170]
Classroom and On-the-job training
The SEM is very specialized and all operators shall have completed on-the-job and/or classroom training.  Operators must have completed formal training or traceable academic/practical training from a university or from training courses coordinated by the manufacturers.  Formal training courses can be obtained from the McCrone Research Institute or the Hooke College of Applied Sciences.  The OPIC will confer with the Head of the Superconducting Materials Department to determine whether a prospective operator has sufficient operational training.
Work Logging Requirements
The SEM operation has a logbook, usually located on the SEM desktop or in the SEM cabinet.  All workers shall make an entry in the logbook, in chronological order and leaving no white space between the previous entry, with at least the following information:
· The date of the SEM activity
· The operator’s name
· The operator’s ID number
· The operator’s extension
· Each specimen being analyzed; type of material; including an ID number if any
· The time each analysis was started and, if data is being acquired while left unattended, the time the operator expects the analysis to finish
· The detector used EDS, EBSD; only SEM used
· Any comments related to system maintenance
The logged information must provide traceability to the operator, traceability of the specimen, and traceability to the day/time of the operation.
Operating Procedure for the JEOL 5900LV Scanning Electron Microscope
1. Complete work logging requirements.
2. Main Control Panel — Main power key switch, if not in the [On] position, turn switch from[Off] and toggle to [Start] and let it go back to the [On] position.
3. Log onto the computer
3.1. Username is “operator”
3.2. Password- this must be obtained from the OPIC
4. Open the JSM-5000 software
5. Press [VENT] to vent chamber: this can be done using the specimen exchange menu in the software or by pushing the [VENT] switch on the control panel.  When pressed, the switch lamp flashes. When specimen chamber and electron column are at atmospheric pressure, the [VENT] switch lamp will light.
6. Place the prepared specimen in one of the specimen holders. Make sure that the specimen is grounded to the holder for the best image. Carbon tape (circles and strips) are available in the SEM cabinet if needed. 
7. Open chamber door.  While wearing nitrile or cleanroom gloves, slide the specimen holder onto the rails of the stage: this can be done using the specimen holder grips. Do not touch any of the inside surfaces of the chamber or the electron orifice.
7.1. There are EBSD specimen mounting stubs and boxes to store your specimen in.  
7.2. There is also a 70° mount that the stubs seat into for a good electrical contact on the specimen stage. 
8. Once specimen holder is seated, carefully close and latch door.
9. Press [EVAC] to evacuate the chamber: this can be done using the specimen exchange menu from the software or by pushing the [EVAC] on the main control panel.
10. Control unit beeps when evacuation is complete and the filament can be turned on. [HT Ready], Turn on the Robinson Chamber View Camera.
11. Move the stage so that an image can be seen via the camera and the JEOL software. Start with a working distance of ~40µm.
11.1. If the sample height is equal or less than the SEM holder the z-direction range can be 12-15 mm from gun.  
11.2. Make any changes to the height while viewing your sample with the camera to make sure that you don’t run your sample into the bottom of the orifice.
12. Press [X/Y] on the control box and use the joystick to center the sample. 
13. Click [T/Z] to raise the stage.
14. Click [HT Ready] to turn on the beam- [HT On]
15. Set the accelerating voltage to 15 kV to start.
16. Click [ACB] to adjust contrast and brightness
17. Increase/decrease magnification and focus for the best image.
17.1. View- displays sample at lowest magnification
17.2. Scan 2- is the main viewing screen
17.3. Scan ¾ image raster
17.4. Freeze- image capture
[bookmark: _Ref305479679]Normal Shutdown Procedure
1. Click [HT On] to turn off the beam – [HT Ready]
2. Click [T/Z] to lower the stage
3. Move the stage to the bottom of its run
4. Press [VENT] to vent chamber: this can be done using the specimen exchange menu in the software or by pushing the [VENT] switch on the control panel.  When pressed, the switch lamp flashes. When specimen chamber and electron column are at atmospheric pressure, the [VENT] switch lamp will light.
5. Open chamber door.  While wearing nitrile or cleanroom gloves, slide the specimen holder onto the rails of the stage: this can be done using the specimen holder grips. Do not touch any of the inside surfaces of the chamber or the electron orifice.
6. Retrieve specimen and the specimen holders.  Clean any residues from the specimen holder with ethanol or isopropyl alcohol. 
7. Once specimen holder is removed, carefully close and latch door.
8. Press [EVAC] to evacuate the chamber: this can be done using the specimen exchange menu from the software or by pushing the [EVAC] on the main control panel.
9. Control unit beeps when evacuation is complete.
10. Close the software
11. Log out of the system
12. Leave the system [on].
13. Complete the work logging requirements.
Optimum Imaging — “GAS” the SEM
1. Gun Alignment: form the menu click Gun Alignment, set the [X] and [Y] alignment tilt and shift scroll bar knobs near the respective center positions; set the filament heating scroll bar knob to a point in front of the orange area, adjust the [X] and [Y] Alignment Tilt scroll bar knobs to obtain the maximum screen brightness, return the filament heating scroll bar to the left end, set the filament heating scroll bar knob to a point immediately before saturation occurs.  Slowly drag the scroll bar knob to the right.  When it reaches a point near the center, the screen momentarily become bright. ( 1st peak) Continue to drag the knob to the right, an image appears, and once the knob reaches a certain point the brightness of the image no longer changes. (2nd peak: saturation point). Set the scroll bar knob slightly to the left of the saturation point. Click [Tools], and then click [Lens Reset].  Adjust the [X] and [Y] Alignment Shift scroll bar knobs so that the brightness of the screen becomes its’ maximum. Adjust the [X] and [Y] Alignment Tilt scroll bar knobs so that the brightness of the screen is at its maximum. 
2. Aperture Alignment:  Set the magnification to about x10,000 and focus the image.  Open [Tools] on the menu bar, then click [OL Wobbler].  The scanning mode becomes Scan 1, and the OL Wobbler operates.  If the image doesn’t shift that means the position of the objective lens is correct. If the image shifts, follow the following steps:	
2.1. Adjust the X and then the Y direction of the fine adjustment knobs of the objective lens aperture to minimize image shift.
2.2. Click the [Off] button of the [OL Wobbler ON].
2.3. Click [Tools] on the menu bar, then click [Lens Reset].
2.4. Repeat these steps until a sharp image can be seen.
3. Stigmation (Astigmatism) Alignment: Click the [Auto Stigm] SEM control button, an image whose astigmatism has been adjusted appears. 
3.1. If you wish to fine adjust the astigmatism, align the pointer with [Sitgm X] or [Stigm Y] on the image adjustment tool bar, then, while keeping the left button pressed, move the mouse up or down so as to adjust the astigmatism. [Fine] is displayed to the left side on the screen.
3.2. If you wish to coarse adjust the astigmatism, align the pointer with [ Sitgm X] or [Stigm Y] on the image adjustment tool bar, then, while keeping the right button pressed, move the mouse up or down so as to adjust the astigmatism. [Coarse] is displayed to the left side on the screen.
Image observations in low vacuum mode
This mode is infrequently used since it is intended for biologic samples and not, therefore, typical of specimens at Fermilab.  Operators are advised to read through the ‘Instructions” from JEOL before changing to the low vacuum mode.
Oxford Instruments Detectors
· EDS:  Operators can open the INCA Microanalysis Suite software and can then follow the flow chart in the Navigator. For more in-depth information operators are encouraged to go view the INCA “Getting Started Tutorial”.
· EBSD: Operators can open the CHANNEL 5 on-line tutorial or go step-by-step through the manual.  This is a very complex piece of equipment and a strong knowledge of physics, chemistry, and metallurgy is needed to use the detector to its’ fullest potential.
Other general considerations
Adjusting stigmation will have the most significant effect on imaging and should be done often.  Operators will need to consult the “Instructions” from JEOL to determine the optimal settings for the accelerating voltage, WD, spot size, and BSD settings.  There are also training manuals from the McCrone Group (now going under the name Hooke College of Applied Sciences) available in the bookcase in the Microscopy Lab.  There are numerous on-line resources available to operators and the equipment manufacturers: JEOL, USA and Oxford Instruments are also available to answer any questions an operator may have.

For any questions please contact the OPIC.
[bookmark: _Toc305443448]Emergency procedures
The SEM employs numerous interlocks and safety features to automatically protect the equipment against power failure, cooling water failure, vacuum pump failure, power outage, and other operational failures.  No special emergency procedures are required in addition to these automatic procedures.  In the event of catastrophic failure, the SEM does not produce any lasting harmful by-products, and other energy sources will cease operation.
For any building emergencies that occur while work is being performed, workers should: 
1. Disengage the high voltage (HT) either via software or by a switch on the control panel.  The system can be left in this state if necessary.  
2. If there is no immediate need to leave the area, follow normal shutdown procedures listed in section 6.6 above.
[bookmark: _Toc305443449]Precautions
At the time of operations clearance, a FESHM Hazard Analysis Form 2060-1 was completed, which lists the hazards and what has been done to mitigate them.  A copy of this HA is attached as Annex C.  The HA must be reviewed by all users/operators and they must sign off on the last page of the form acknowledging that they understand the hazards and will wear the appropriate PPE before instrument operations can begin.
In addition to the HA form, below is a more detailed description of the hazards and controls.  As noted on FESHM 2060-1, the identified hazards are:
· Electrical energy source: High voltage
· Mechanical: sharp points
· Thermal energy source: Cryogenic temperatures
· Radiological energy source: x-ray radiation and ionizing electron beam radiation
· Hazardous chemicals: solvents
· Flammable chemicals: solvents

Electrical hazard:  The major power source for the JEOL JSM 5900LV microscope is powered through a UPS (that also provides power conditioning) connected to a variac.  Licensed professional electricians installed the UPS and the variac.  The removal and reinstallation of the power for the SEM was performed by an electrician and is in compliance with all applicable codes. The power required is single phase 100 volts with a tolerance of ±10%.   This is qualified as a class 0 hazard, which is controlled by a protective enclosure that is made of an electrical insulator (thermoplastic).  Access to the variac is prohibited by unqualified personnel and is kept locked at all times.  LOTO will be required for work within the boundary of the variac enclosure.
The SEM operates by producing a high accelerating voltage of up to 30 kV to accelerate an electron beam.  Except for changing the filament, access to high-voltage portions of the equipment is prevented by guards and cover panels.  Only JEOL authorized and trained workers are permitted to access the high-voltage portions of the microscope, even when not energized, due to the risk of damaging the sensitive equipment.
Electrons are produced by thermal ionization from a hot filament at the gun source.  Sometimes replacement of this filament is necessary.  The filament itself is not energized by high voltage.  At least 2 levels of interlocks built into the system prevent the generation of any voltage when the filament is being accessed: a pressure interlock will not engage power until the system vacuum pressure is below a certain point, and an access cover interlock disengages the filament circuit when open.  Additional operational procedures and the design of the filament area (SEM column) prevent accidental exposure to high voltage.  
Mechanical hazard:  Burned-out filaments can have sharp points.  Glove shall be worn as PPE when changing filaments.  Gloves are required by the operating manual to prevent contamination of the surfaces of the filament receptacle (wehnelt cap) or of the filament itself. Burned out filaments are stored in one of the labeled filament boxes until the entire box can be safely disposed of or recycled.
Thermal hazard:  The energy dispersive x-ray spectrometer (EDS) detector requires liquid nitrogen for cooling.  The handling and transfer of cryogens to the EDS is performed with a small 5 liter dewar.  This task is permitted only by personnel that have had cryogenic safety training.  The appropriate PPE, cryogenic gloves, face shield, and apron, is available for authorized personnel and is in the Microscopy Room SEM cabinet.  PPE shall be worn during the process of the handling and the transfer of liquid nitrogen to the EDS dewar.
Radiation hazard:  Ionizing radiation is produced by the SEM’s electron beam.  This radiation produces x-rays that are used for material analysis.  Both the electron beam and the x-ray radiation can produce damage to healthy tissue, although it is virtually impossible to achieve such exposure (see below).  Nonetheless, a Radiation Work Permit (RWP) is posted in the Microscopy Lab.  Authorized operators must wear a film badge while operating the SEM.  Surveys have been made with the beam on, and the results of these surveys are posted on the RWP and are attached in Annex D.  The entrance to this room has a radiation sign posted: “Caution, Controlled Area”.  
The electron beam cannot be accessed under normal operating conditions due to interlocks within the system as well as the system design.  High-voltage acceleration of the electron beam is not possible when an appreciable atmosphere is present.  Interlocks within the chamber access door and a decrease in the chambers’ vacuum pressure (high vacuum or low vacuum mode) automatically prevents access during normal operation. The accelerating voltage to the electron gun (HT) will automatically shut down if the vacuum pressure is exceeded.  (The filament will burnout if a voltage spike occurs.)  The high vacuum of the chamber prohibits opening the chamber door while the electron beam is on.  Since the surface area of the door is in excess of 100 square inches, a force in excess of 1,500 pounds would have to be applied to pull open the door.  This exceeds the force required to strip the threads on the aluminum door handle.  Also, the manufacturer of the SEM has designed the vacuum chamber with lead shielding to prevent x-rays from penetrating the wall of the chamber.  The design has been certified by federal regulating agencies for sale as a commercial product. 
Chemical & flammable material hazard: Flammable chemicals in the microscopy lab include reagent grade methanol and acetone.  These are used for cleaning the Wehnelt cap, which holds the SEM filament in alignment, when the OPIC replaces a filament.  These are also used by all users to remove fingerprints and degrease specimens and specimen holders before being placed into the vacuum chamber.  These flammable chemicals are stored in a flammable cabinet that is located on the main floor of IB3.  This cabinet is kept locked at all times.  Access to these flammables is limited to authorized personnel who maintain the SEM (Room 003 Laboratory Manager) and the IB3 Production Supervisor.  The proper PPE for working with these chemicals is located in the SEM supplies cabinet.  Only a small amount of flammable chemicals are used for the cleaning process, approximately 5 ml per rinse.  
Vacuum pump oil is also stored in the Microscopy Laboratory in secondary containment; less than 2 gallons is stored in this room.  Trained personnel from JEOL will change the pump oil as needed.  It will be up to the Laboratory Manager to dispose of used pump oil in accordance with FESHM guidelines.	
[bookmark: _Toc305443450][bookmark: _Ref305478624]Lock-out, Tag-out Procedures
The major power source for the JEOL JSM 5900LV microscope is powered through a UPS (that also provides power conditioning) connected to a Variac. The power required is single phase 100 volts with a tolerance of ±10%.   This is qualified as a class 0 hazard. LOTO will be required for work within the boundary of the variac enclosure.  No specific LOTO number has been specified for this activity, since it is unusual for such work to be required. 
[bookmark: _Toc305443451]Authorization Procedure
Authorization of SEM users/operators
Fermilab employees, guest researchers, and visitors may operate the SEM.  Authorized users shall be identified on a list appended to the end of the Operating Procedure and posted on the entrance to the Microscopy Lab (as well as listed in the RWP).  The Authorizing Agent shall also be noted in a separate place on the list of authorized workers.  The sequence of authorization is as follows:
The sequence of authorization is as follows:
1. A proposal is made to the OPIC by the person seeking to become an authorized operator via email or written document.  This proposal shall include the proposed research or new investigation and a description of the types of specimens to be examined, the information sought, and any special considerations of the specimens.
2. Verification of all Fermilab training courses is completed by the OPIC. 
3. Verification that the authorized candidate has been added to the RWP by the TD RSO and has a film badge. 
4. Verification of training in an electron microscopy classroom or on-the-job training is completed by the OPIC.
5. The person seeking authorization reviews this Operation Procedure and the Hazard Analysis.  The OPIC shall confer with the person seeking authorization and gain satisfaction that the OP and the HA have been understood. 
6. The person seeking authorization signs the HA.
7. Each SEM is slightly different.  Arrangement for on-the-job training is made with the OPIC.  OJT shall take place as often as is needed until the OPIC is satisfied that the person seeking authorization is competent in the use of the equipment.  Note that this does not require the person seeking authorization to scientifically interpret data, e.g. as for a technician whose job is to acquire data for interpretation by another scientist at a later time.
8. The OPIC makes a recommendation to the Authorizing Agent for consideration of the worker seeking authorization.
9. The AA reviews the authorization petition and either approves, or returns the petition to the OPIC with an explanation of shortcomings.
10. The AA communicates the changes in authorized workers to line management and the Lab Manager.
11. The user signs the list of authorized operators (Annex B) acknowledging that he/she has read and understands the Operating Procedure.  
Notice that signatures on the RWP and the HA are pre-requisites for authorization to work on the SEM.
Authorization to perform work on behalf of another worker
It is often the case that analysis of a specimen is sought for only one time.  In this case, it does not make sense for the person who owns the specimen to seek training and authorization to operate the SEM.  Instead, authorization to analyze an unknown sample with the assistance of an authorized user is prudent.
A brief analysis proposal should be submitted by e-mail or in writing by the owner of the sample to the OPIC or the AA.  If this cannot be done, then at least the person who owns the specimen shall be identified in the logbook.  All proposals shall be reviewed by both the OPIC and the AA for safety issues as well as for the technical feasibility of the analysis.  Consideration might also be given to whether the proposed work is within the scope of the laboratory.  If the AA grants approval to perform the analysis, then the OPIC shall then arrange for SEM operation time with an authorized user.  
	Operation Procedure – Scanning Electron Microscopy
	TD-5520-OP-333861.Rev0





Page 1 of 22
ANNEX A
RECORDS ASSOCIATED WITH OPERATION READINESS CLEARANCE
[bookmark: _Toc305443452]A1.0	Status of the SEM when operations were given clearance
The SEM was moved from lab#006 (which no longer exists) to lab #003 in IB-3 during August, 2011.  Below is a discussion of the trigger points for operational readiness clearance (ORC) at that time:
Trigger point: Move of equipment to new location.  The SEM was moved from room 006 to room 003 in Industrial Building 3, in August, 2011.  This move required the relocation of electrical power and the relocation of cooling water for the vacuum system.  Two authorized equipment manufacturers, JEOL (manufacturer of the SEM) and Oxford (manufacturer of the EDS and EBSD attachments), were coordinated to disassemble, move, and reconnect the microscope system.  Professional maintenance teams from each manufacturer continue to service the system.  Professional contractors have installed electric and water infrastructure.  The facility was also upgraded with the installation of a UPS as well as filtration of IB3 industrial cooling water (ICW).  E-mail communication describing the upgraded infrastructure and certifying the system as ready for resumption of operations by these service teams is attached in Annex A.
Trigger point: Programmatic impact.  The SEM is an expensive instrument, with the total installed system value of approximately $500,000.  In addition, valuable specimens can be analyzed in the SEM.  In review of this point, it should again be noted that the equipment manufacturers were engaged in moving and re-installing the equipment to their specifications.  
Prior to the equipment move, an extensive survey of the background electrical/magnetic fields and of mechanical vibration of the facility was performed by JEOL, USA.   The findings of this survey, also attached in Annex A, ascertain that the instrument is capable of analyzing all foreseen specimens.  The survey instrument revealed some mechanical noise arising from the facility infrastructure that could affect specimen analysis at high magnification (at 300,000 times magnification.)   The manufacturer recommended possible actions that could be taken should Fermilab need increased sensitivity at very high magnification.
Numerous somewhat expensive property items are associated with the SEM operation.  These include computers, printers, software, hardware, and tools.  Property tags identify most items.  Also, most items are secured by being mounted directly onto the instrument or being integrated behind an access panel.  Hardware and tools are kept in a designated cabinet, the SEM cabinet.   Access to the SEM software is protected by a separate password that will be issued to authorized workers and changed from time to time.  Access to the software or data therefore requires two levels of authorization: a FNAL user account or a local machine administrator account, and the SEM user password. Training in computer security is required to provide awareness of this need.  The Microscopy Room is kept locked and access to the room is limited to authorized personnel.
Trigger point: Energy release.  The energy release triggers are associated with the operation of the system and not with its move or programmatic impact.  The hazard analysis below covers the hazards associated with energy releases.


A2.0	Electrical installation
[image: ]The figure below describes the electrical installation and its certification for operations by TD Electrical Safety Officer. 



A3.0	Plumbing installation
The industrial cooling water (ICW) that is used for the SEM diffusion vacuum pump was also relocated to the new room.  The ICW is part of a closed loop system that cools the diffusion pump via a small chiller.  The temperature for the system must be maintained at temperature of 20°C to 24 °C.  This work was performed by a licensed professional plumber.
Plumbing information is listed below, excerpted from email from Gary Lorenz on 9/8/11:
[image: ]


A4.0 	Radiation information
No radiological activity was recorded during the initial survey.  Radiological surveys are kept with the Radiation Work Permit for the Microscopy Lab.  The RWP in force at the time of the ORC is number TD-08-03/11.  The area description is “SEM Operation”.  Note: the area description can be confused with the SEM operation as described in this OP, even though the survey maps and other information kept by the TD-RSO pertain to the Microscopy Lab.  To clarify – the SEM operation is one of the possible operations that takes place within the controlled area Microscopy Lab, room 003 in IB3, that is governed by the RWP.	






A4.0 Laboratory survey b[image: ]y JEOL, USA, SEM manufacturer
[image: ]


ANNEX B
LIST OF AUTHORIZED USERS / OPERATORS
Authorizing Agent:  Lance Cooley, Superconducting Materials Department Head, x6797
Operations Person in Charge:  Donna Hicks, Laboratory Manager, x3279
*Authorization is valid for one year after the date of authorization.
**By signing this document, the person attests that they have read and understood this operation plan and all of its annexes, including having signed the HA form 2060-1.
	Name & ID No.
	Signature**
	Date Authorized*
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