
 
 

Calendar Year 2006 Fermilab As Low As Reasonable Achievable  
Project Description 

 
At the Fermi National Accelerator Laboratory (Fermilab), a policy consistent with 
integrated safety management and in accordance with 10 CFR Part 835 requirements is to 
conduct activities in such a manner that worker and public safety, and protection of the 
environment are given the highest priority.  Fermilab senior management is committed, in 
all its activities, to maintain any safety, health, or environmental risks associated with 
ionizing radiation or radioactive materials at levels that are As Low As Reasonably 
Achievable (ALARA).  Likewise, Fermilab management supports related work planning 
and review activities in support of Fermilab’s ALARA program.  Especially notable is 
the willingness to endorse cool-down periods and other scheduled modifications.   
 
During CY2006, the primary activities at Fermilab that resulted in occupational radiation 
exposures were associated with maintenance activities of the accelerator.  Nearly all dose 
to personnel was due to exposures to items activated by the accelerator beams.  Many 
maintenance activities were necessary as the Fermilab accelerator complex was 
challenged to meet the scientific objectives of Tevatron Run II while simultaneously 
operating the proton beam needed for the Neutrinos at the Main Injector (NuMI) and 
Booster Neutrino (MiniBooNE) experiments.  Fermilab safely accomplished many vital 
accelerator upgrades during a major shutdown of the accelerator carried out during the 
spring of 2006.  These upgrades included a complex installation of new wide aperture 
quadrupole magnets to the Main Injector, Installation of an 8 GeV Booster beamstop, 
NuMI horn 2 pipe repair, Collider Detector Facility (CDF) radioactive source wire 
refurbishment, and delicate installation of the innermost layer of the silicon detector in 
the D Zero calorimeter.  This work included extensive ALARA pre-job planning, 
implementation of specific ALARA activities during radiological work, and post-job 
analyses.   
 
In preparation for this shutdown, an important ALARA action was taken by the 
Accelerator Division Head when he requested a reduction in the beam power to all 
machines one week in advance of the scheduled shutdown.  This ALARA effort not only 
reduced the overall exposure during the planned work, but also reduced exposure to 
personnel as they prepared accelerator areas for initial entry.  This key ALARA planning 
effort saved an estimated 2,000 person-mrem.  About 50 people from other divisions and 
sections were assigned to shutdown tasks.  The average collective weekly dose during the 
spring shutdown was approximately 1,000 person-mrem.  This collective dose was 
consistent with expectations of shutdown planning.   
 
The following activities highlight Fermilab’s continued commitment to keeping 
exposures ALARA. 
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1. Installation of 8 GeV Booster Beamstop 
 

The Booster is the first circular accelerator in the chain of accelerators at Fermilab.  It 
takes 400 MeV negative hydrogen ions from the Linac and strips the electrons off, 
leaving only protons. The Booster accelerates these protons to 8 GeV.  During the 
spring 2006 shutdown, a second beam shutoff device in the form of a beamstop was 
installed in the Booster to replace a vacuum valve.  The vacuum valve seal had a 
recent history of routine failures due to radiation damage to an “O” ring seal.  By 
replacing the vacuum valve with a beamstop, personnel dose will be avoided in the 
future because there will be no vacuum valve seals to repair.  The estimated collective 
dose estimate for this job was 435 person-mrem and the dose received was 263 
person-mrem. 

 
2. Booster 400 MeV Girder Replacement 
 

In March 2006, a 400 MeV girder and a septum were successfully replaced in the 
Booster tunnel.  The work was performed in the region of the accelerator where 400 
MeV protons from the Linac are injected into the 8 GeV Booster.   A considerable 
amount of lead blanket shielding was added to the 400 MeV girder region of the 
Booster as an ALARA effort to significantly reduce personnel exposure.  The 
estimated dose savings due to ALARA planning and allowing for cool-down of 
radioactivated components was about 1,500 person-mrem. 
 

 
Booster Tunnel 
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3. Main Injector Quadrupole Magnet Replacement 
 

 In order to reduce exposure rates, improve beam transmission, reduce beam losses, 
and increase beam intensity throughput, seven quadrupole (quad) magnets associated 
with the lambertson extraction locations in the Main injector were replaced with 
newly-built wide aperture quadrupoles.  These larger quadrupoles will be able to 
handle higher intensity beams with much less beam loss and, as a byproduct, help 
reduce beam losses in the future.  Motivated by ALARA considerations, the 
installation of the new magnets in the areas having the highest levels of residual 
radioactivity was delayed for one month after the start of the shutdown.  This allowed 
further cool-down of these areas as well as more “practice” for the workers in the 
lower radiation fields found at other locations.  The estimated dose saved was 
approximately 1,000 person-mrem.  The collective dose estimate for this job was 
1,000 person-mrem and the actual collective dose was 670 person-mrem. 

 

 
End View of Wide Aperture Quadrupole Magnet 
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Replacement of Q101 Quadrupole Magnet 

 
 

 
Vacuum Bake of Q620 Quadrupole Magnet 
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4. Installation of Booster Corrector Low Conductivity Water (LCW) Piping 

Manifolds 
 

In March of 2006, several Booster Corrector LCW copper piping manifolds were 
installed throughout the Booster.  First, one inch piping clamps were installed.  Next, 
20 foot section piping manifolds were installed in the Booster enclosure.  Each 20 
foot section was brazed to the existing 1 inch pipe and cap assembly.  The first 
ALARA action taken to reduce personnel exposure was to delay the installation of the 
piping to allow for maximum cool-down of nearby accelerator components.  
Secondly, rolling lead blanket shield walls were positioned to reduce exposure to 
workers.  The ALARA job estimate was 964 person-mrem and the actual collective 
dose received for five workers was 851 person-mrem.  Use of portable shield walls 
and cool-down of activated components saved approximately 1,000 person-mrem. 
 

 
Shield Wall Used During Installation of Booster Piping Manifolds 
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Shield Wall Used During Installation of Piping Manifolds in Booster Tunnel 

 
5. Neutrinos at the Main Injector (NuMI) Horn 2 Leaking Ceramic Pipe Joint 

Repair 
 

When operating at highest intensity, the NuMI beam line transports 20,000 billion 
protons every two seconds to a graphite target. The target converts the protons into 
bursts of particles. Like a beam of light from a flashlight, the particles form a wide 
cone when leaving the target.  A set of two special focusing devices, called horns are 
used to focus the high intensity particle beam. As a result, these horns become 
intensely radioactive.  During the spring 2006 shutdown, a relatively complex task 
was undertaken to cut and remove a leaking two inch water pipe on the NuMI horn 2.  
The work was completed by replacing the leaking pipe with a ceramic joint.  The 
exposure rate where the work had to be done was 3,600 mR/hr at one foot.  Not only 
was the job difficult due to the extremely high exposure rate, but also because the cut 
needed to be exceptionally straight and smooth to allow connection of the 
replacement pipe. Many hours were spent planning and conducting dry-runs for this 
job with a mockup located outside of the radiation area.  The job was well 
choreographed among 8 workers with each worker knowing exactly their role and 
function.  Special tools were fabricated to minimize the production of activated chips 
and dust.  An extension for the cutting tool was also made which allowed the workers 
to stand behind a 1.5 foot thick concrete shield wall while cutting the pipe.  The 
shield wall erected next to the horn and the work cell had a specially made "rifle-slit" 
to maximize shielding.  The actual exposure time to accomplish this task was less 
than one minute.  This work could not have been accomplished in such a short 
amount of time without rigorous planning, mock-ups, and dry-runs.  The collective 
dose estimate was 277 person-mrem for the job.  The dose received was 244 person-
mrem. The highest dose to any one person was 55 mrem.  The success of this task 
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was the result of many hours of careful ALARA planning, dry-run practice, 
fabrication of innovative tools, and custom-built shielding. 
 

 
NuMI Horn 2 

 
 

 
Ceramic Pipe Joint Repair on NuMI Horn 2 
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6. CDF Radioactive Source Driver Wire Source Refurbishment 
 
In April of 2006, a total of four source driver wires containing Cobalt-60 sources 
were removed from the large CDF detector to be refurbished.  These source wires 
needed to be refurbished because the inner keeper wire was made of iron and 
magnetic fields within the detector caused these wires to function improperly.  The 
task involved replacing the inner keeper wires with new stainless steel wires. The 
source driver wires consisted of a 30 foot long flexible stainless steel tube sealed at 
one end.  A very small 3 millicurie Cobalt-60 source seed was inserted into the open 
end and pushed toward the sealed end using a thin wire.  Once fully inserted, this wire 
acted as a keeper wire to hold the source seed in place.  Since the keeper wire was in 
direct contact with the source seed, radioactive contamination was a possibility.  For 
this reason, a glove bag system was used to remove the old keeper wire.  The 
unsealed end of the source wire was inserted into the glove bag, and then the old 
keeper wire was pulled out inside the glove bag.  New keeper wires were successfully 
installed in each of the four Cobalt-60 source driver wire sources.  ALARA 
contamination control techniques were effectively implemented to prevent the spread 
of potential contamination.  The technician involved has experience with asbestos 
removal where a similar glove bag is commonly used.  This transfer of skills from 
one area of safe work practice to another is a positive reflection on Fermilab’s 
implementation of Integrated Safety Management Systems (ISMS). 
 

               
 Glove Box System for CDF Cobalt-60                 Keeper Wire Being Removed 
         Wire Source Refurbishment                     from CDF Cobalt-60 Wire Sources 
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7. Cutting a Radioactive Surveyor's Plug 
 

In order to conduct a tritium leachate test on radioactive steel, approximately three 
inches of steel was cut off the end of a surveyor’s plug in May of 2006.  The exposure 
rates on the end of the surveyor’s plug were approximately 100 mR/hr on contact and 
8 mR/hr at one foot.  Rather than cutting with a portable hand band saw, the cut was 
completed using an automatic band saw.  Using an automatic band saw provided 
easier control of metal filings which came loose from the plug during the cut.  Metal 
filings dropped into a catch pan attached to the saw.  This pan made clean-up after the 
cut reasonably simple.  Exposure to personnel was further reduced because 
technicians left the immediate area after placing the plug on the saw.  The cut took 
approximately ten minutes, whereas cutting using a portable hand band saw would 
have taken about twenty to thirty minutes.  A portable hand band saw would have 
required the person completing the cut to be approximately one foot from the most 
radioactivated end of the plug.  This could have resulted in a whole body dose of 4 to 
5 mrem.  The estimated collective dose saved was approximately 5 person-mrem. 
 

 
Set up for Cutting of Surveyor’s Plug for Tritium Leachate Test 
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Automatic Band Saw Set Up for Cut of Surveyor’s Plug 

 
8. Antiproton (Pbar) Target Rotation Mechanical Failure and Design Modification 

 
At Fermilab, antiprotons are made by aiming a 120 GeV proton beam from the Main 
Injector onto a metallic target at the Antiproton Source.  When the protons hit the 
target, antiprotons, along with numerous other particles are produced.  A lithium lens 
collects negatively charged particles of a certain energy.  The antiproton (Pbar) target 
consists of a large module assembly with the target itself attached to the bottom of the 
module.  The antiproton target normally rotates during beam-on target operation in 
order to eliminate “burn-through” damage.  The rotation is provided by a long shaft 
with a drive motor on the top, and the target on the bottom.  Within a two week span 
in December of 2006, the target rotation stopped twice due to mechanical failure of 
the rotation components. The first repair restored functionality to the rotation 
mechanism by replacing the drive motor, thrust bearing assembly with a laboratory 
built thrust bearing cage, and a shear pin. The thrust bearing assembly is a ball-
bearing assembly that is part of the rotation system.  A few weeks later, the target 
rotation failed again.  It was discovered that the ball-bearing thrust assembly worked 
much better (less torque required to turn the shaft) without a ball-bearing cage 
assembly. With additional ball-bearings and removing the cage component, the target 
rotation required less torque.  Assuming a rotation failure once per month for a year 
without the cage bearing modification, with about 150 person- mrem per repair, it is 
estimated that a collective dose of 1,800 person-mrem per year has been saved as a 
result of this design modification. 
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Antiproton Source, Accumulator, and Debuncher 

 
 

 
Antiproton Rotation Thrust Assembly with Bearing Cage 
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Re-Designed Antiproton Rotation Thrust Assembly with No Cage 
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