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Presenter
Presentation Notes
This is an aerial view of the accelerator facilities at Faure. The main building houses the three cyclotrons and beam lines to the users vaults. At the front there is an office and laboratory block and a building for the mechanical workshop, and services such as the water cooling system and power supplies. On the left is the hospital and at further back is the 6 MV Van de Graaff facility.



Different accelerators at iThemba LABS 
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Presenter
Presentation Notes
This slide shows the layout of our facilities. Beams from the variable-energy, separated-sector cylotron, with a maximum energy of 200 MeV for protons, are directed to vaults for the production of radioisotopes, proton and neutron therapy and nuclear physics experiments. Light ions,  pre-accelerated in the first solid-pole injector cyclotron with a K-value of 8 are used for therapy and radioisotope production. For radioisotope production and neutrontherapy a 66 MeV proton beam is used and for protontherapy a 200 MeV beam. The second solid-pole injector cyclotron with a K-value of 10 (which you see here) is used for pre-acceleration of heavy ions and polarized protons from these two external sources.



©  Nuclear Physics 

©  Neutron Therapy 
©  Proton Therapy 

©  Energy Change 

©  Isotope Production 

 Beam Schedule 
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Presenter
Presentation Notes
Beam is delivered to the different users for 24 hours per day and seven days per week. Radionuclide production and neutron therapy run from 16h00 on Mondays until 5h00 on Fridays. Patients are treated during day time and between treatments the beam is switched to the radionuclide production vault and the intensity is increased to 85μA. On Mondays and Fridays a 200 MeV beam is used for proton therapy and over the weekend beams of light and heavy ions as well as polarized protons, pre-accelerated in a second solid-pole injector cyclotron. In spite of this very tight schedule it remains difficult to satisfy the beam requirements of the different users. We are therefore in the process of increasing the beam intensity for the production of radioisotopes as well as installing and planning additional beam lines for the same purpose. It is planned to produce radioisotopes on two different targets simultaneously.



Solid-pole injector cyclotron 1 
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Presenter
Presentation Notes
The light-ion injector cyclotron has a maximum proton energy of 8 MeV. Beam produced in the internal PIG source are accelerated with two dees operated at 60 kV. The RF-system can be tuned over the frequency range 8.6 to 26 MHz. The beam is extracted with an electrostatic channel and two active magnetic channels. For the 66 MeV proton beam a 320 µA beam at an energy of 3.14 MeV is extracted. 
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The Separated-sector cyclotron 
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Presenter
Presentation Notes
This shows the separated-sector cyclotron. It has four separate magnet sectors with a diameter of 13 m. The RF-system consists of two lambda-half resonators that can operate in the frequency range 7 to 26 MHz. The dee voltage is 220 kV at a power level of 80 kW per resonator. Although it has been designed for a maximum proton energy of 200 MeV but has delivered proton beams of 227 MeV. The beam is inflected with two bending magnets and a magnetic channel and extracted with two septum magnets. Typically the cyclotron delivers a 85 µA beam of 66 MeV protons for radioisotope production with 100% transmission through the machine. Higher beam currents are available but better production target cooling is required for reliable operation at higher intensities.



Neutron Therapy 
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 Proton therapy vault 
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Year Beam Supplied as: % of Scheduled beam time 
for: 

  % of Total time % of *Scheduled 
time 

Energy 
Changes 

Interruptions 

2008 62.0 82.45 4.9 17.5 

2009 70.5 82.45 6.6 7.7 

2010 67.6 82.18 6.3 8.3 

2011 68.9 85.91 6.8 6.0 

2012 69.9 82.04 7.1 9.3 

2013 63.0 81.17 6.2 10.7 

2014 67.3 80.81 6.5 9.7 
• Scheduled time is total calendar time minus scheduled maintenance time and 

the days that the laboratory is officially closed during December.  

 Operating Statistics for the past 7 years 
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Replacement of the 4 MW  Uninterruptable 
Power Supply (UPS) battery bank R15M 
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Presenter
Presentation Notes
This shows the batteries of the 6 MW UPS (uninterruptible power supply). The UPS was installed soon after full-time operation of the cyclotrons commenced at the end of 1986. Short-term power dips, especially during the dry summer months, made it impossible to deliver beam reliably enough for the treatment of patients and the production of radioisotopes for medical purposes. The UPS can keep the cyclotrons and beam lines running for up to ten minutes during power failures. Interruptions in beam delivery due to the tripping of stabilized power supplies and RF systems during short-term power dips are therefore completely eliminated. Only with this system is it possible to keep unscheduled interruptions below 6% of scheduled time.Batteries were initially replaced by  maintenance free gel batteries. These batteries only lasted 5 years.Busy with a tender process to replace the  batteries. In-depth analysis of the battery technologies was performed. Technologies to avoid are Lead-Calcium and gelled electrolyte.The technology we are going with is a low antimony selenium alloy battery. Which dominates the European market.Batteries banks are dimensioned  for a constant power discharge for 15 minutes. A depth of discharge below 80% must be avoided. With minor maintenance every 6 months one can achieve 1200 cycles over a life span of 20 years.Delivery upon approval will take 16 weeks.



Power Dips 2009 - 2014 
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Number of Power Dips Recorded 

Year  Number of dips  
2009 21 
2010 23 
2011 41 
2012 28 
2013 29 
2014 26 
Average/year  28 
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• Batteries were initially replaced by  maintenance free gel batteries. These 
batteries only lasted 4 years. 
 

• Busy with a tender process to replace the  batteries.  
 

• In-depth analysis of the battery technologies was performed.  
 

• Technologies to avoid are gelled electrolyte and Lead-Calcium . 
 

• The technology we are going with is a low antimony selenium alloy 
battery. Which dominates the European market. 
 

• Battery banks are dimensioned  for a constant power discharge for 15 
minutes. A depth of discharge below 80% must be avoided. With minor 
maintenance every 6 months one can achieve 1200 cycles over a life span 
of 20 years. 
 

• Delivery upon approval will take 16 weeks. 

Replacement batteries for the UPS 
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Alternative to the UPS 
Diesel generator and flywheel system 

R56M 
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New cooling towers for the infrastructure 
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New cooling towers for the chillers 
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Chiller replacement 

• 30 year old industrial chiller units to be replaced 
• R8m funding allotted 
• Sustainable cost saving on electrical power 
• Improved reliability of operation 
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RF interruptions 
 

• An area of concern remains RF related interruptions.  
• The bulk of the RF interruptions occur in the SSC with 59% in 2013 and 45% in 2014.  
• To address this finding, the interruptions related to the RF systems, which largely stems 

from problems with the two SSC RF amplifiers, a capital investment has been made to 
build  a new spare amplifiers for the SSC and SPC1.  

• Developed new low level rf control system 
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New Digital Low Level RF Control System 
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Presenter
Presentation Notes
A modularized version of a digital low-level RF control system has been developed at iThemba LABS. 3 of the systems have been in full operation for 6 Months. The system has perform excellently  with no interruptions , or callouts. 



Rear View of The New Low Level RF Control 
System 
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Presenter
Presentation Notes
Designed for maintainbability. The rear panels can be removed. Easy access to the internal power supplies.



Operator Interface 

• EPICS Based 
• Written in Control 

System Studio 
• Digitally 

programmable 
• Real time 

diagnostics of 
Amplitude and 
Phase signals 
 

ARW2015,  April 26 – May 1, 2015 Knoxville, Tennessee  



Operational Reliability and Stability 

• Commissioned in October 2014 
• No call outs or beam interruptions 
• The system is fully automated to resume of 

any external conditions 
• Greater than 1/10000 Amplitude Stability  
• Greater than 0.01 Phase stability 
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RF Diagnostic system 



Advantages of migrating to EPICS control 
system 

 1. All of our motion controlled components have been moved 
over to the EPICS platform and have proven to be very 
reliable, with remote, off site monitoring  and diagnosis 
proving to be very useful for maintaining our 24 hour, 7 days 
a week service. 
 
2. By setting alarms on these components one is able to 
diagnose problems before they become critical and take 
action to reduce down time. 
This granularity also allows one to present user friendly 
display pages helping operators control devices effectively.  



Control Room upgraded to monitor many 
more variables 
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Year Scheduled 
Treatments 

Days Completed % Fields Re-
scheduled 

% Patients 
Started 

2010-11 292 109 277 94,9 902 15 5,1% 22 

2011-10 399 111 370 92,7 1295 29 7,3% 29 

2012-13 222 102 209 94,1 788 15 5,9% 20 

2013-14 236 101 208 88,1 671 28 11,9% 15 

2014-15 290 78 165 92.2 808 24 8.3% 13 

Summary of neutron therapy treatment statistics 
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Thank you 
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