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1. Introduction

This note outlines the run plan to commission the 325 MHz klystron RF system used in the High Intensity Neutrino Source (HINS) R&D facility in the Meson Detector Building. The plan includes commissioning the klystron RF power source, the RF power distribution system, the 325 MHz RF Component Test Cage, and the 325 MHz Cavity Test Cave. 
Successful completion of this plan will establish the 325 MHz RF system as an operational system for powering loads in the 325 MHz RF Component Test Cage and the 325 MHz Cavity Test Cave.
2. A Three-Part Plan
325 MHz RF system commissioning consists of three parts, each including a subset of the full RF power distribution system. The parts are defined as:

1) Klystron Commissioning

2) RF Component Test Cage Commissioning

3) Cavity Test Cave Commissioning

Klystron commissioning must be certified as fully or conditionally complete before Parts 2 or 3 may begin. Completion of Part 2 or Part 3 is not a prerequisite for starting the other; however, configuration controls preclude concurrent activity on Parts 2 and 3. Required documentation, configuration, and conditions for completion of each part are defined in the sections that follow. 

3. Klystron Commissioning

Klystron commissioning is the activity of establishing klystron RF power through the circulator, the waveguide switch, and into a dummy load and verifying control of RF power level, pulse length, and pulse repetition rate. 
Required Configuration for Klystron Commissioning
Figure 1 is a block diagram of the klystron and RF power distribution system. The RF distribution system shall be locked in a configuration such that RF power is directed only toward the RF load immediately attached to the waveguide switch. Other sections of the RF distribution system shall be secured in a safe state.  

1. The doors of the lead shielding structure around the klystron collector shall be locked with Radiation Safety Officer’s lock.

2. The waveguide switch shall be locked in position to direct RF energy to the nearest RF load.

3. The waveguide shutter shall be locked in closed position.

4. The coaxial RF port in the RF Component Test Cage shall be blanked off with a conducting plate.

5. The coaxial switch in the 3” coaxial line shall be locked in position to direct RF energy to the immediately attached RF load.

6. Any section of the 3” coaxial RF distribution system attached to the remaining coaxial switch port shall be terminated in a suitable RF load or shall be blanked off at the end(s) with a conducting plate. 
Prerequisites to Begin Klystron Commissioning

Documentation:


Approved modulator, klystron, and RF distribution system LOTO procedures


RF and Klystron Equipment Interlock Test Procedure/ Checklists


Klystron commissioning procedure 

Tasks that must be completed:

Execution of Equipment Interlock Test Checklist – D. Bollinger

Final Area/Equipment Walkthru – M. Andrews, R. Pasquinelli, J. Reid

Verification of required RF power distribution system configuration – R. Webber or designee
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Figure 1. RF Power Distribution System

Approvals to proceed by:

Modulator system engineer – C. Jensen or Howie Pfeffer
Klystron and RF Power system engineer – A. Moretti
Klystron equipment interlock system engineer – D. McDowell

RF equipment interlock system engineer – P. Prieto

HINS Meson Program Leader – R. Webber

HINS Meson Safety Coordinator – M. Andrews

AD ES&H Radiation Safety – M. Gerardi or designee

AD ES&H – J. Anderson or designee
AD Division Headquarters – R. Dixon or designee

Personnel Required to be Available for Klystron Commissioning
Chris Jensen and/or Howie Pfeffer – modulator specialists

Al Moretti – RF engineer

Peter Prieto – RF interlocks engineer
AD ES&H Dept. designee – for monitoring radiated electromagnetic energy

AD ES&H Dept. designee – for measuring x-ray levels
Definition of Completion of Klystron Commissioning
Full completion:

Klystron operation shall have been successfully demonstrated at >2 MW peak pulse power at > 1 millisecond RF pulse length and with maximum duty cycle supported by the presently installed modulator charging power supply.

AND under those conditions:
1. Power level and timing controls have been demonstrated to operate as designed.

2. RF equipment interlocks have been demonstrated to function satisfactorily.
3. RF leakage from klystron and RF power distribution system has been verified as acceptable within guidelines of Fermilab ES&H and Radiological Control Manuals and IEEE Standard C95.1.

4. X-ray dose rates from klystron are verified as acceptable within standards established by Fermilab ES&H and Radiological Control Manuals.

AND an approved klystron/modulator operating procedure is available.

Conditional completion:

Conditional completion, sufficient for klystron operations to begin RF Component Test Cage and Cavity Test Cave Commissioning, may be accepted by Program Leader and AD ES&H when:
Klystron operation has been successfully demonstrated at >1 MW peak pulse power at > 0.1 millisecond RF pulse length and with maximum duty cycle supported by the presently installed modulator charging power supply.

AND under those conditions:
1. Power level and timing controls have been demonstrated to operate as designed.

2. RF equipment interlocks have been demonstrated to function satisfactorily.

3. RF leakage from klystron and RF power distribution system has been verified as acceptable within guidelines of IEEE Standard C95.1.

4. X-ray dose rates from klystron are verified as acceptable within standards established by Fermilab ES&H and Radiological Control Manuals.

AND conditions are established and accepted to constrain klystron operation to acceptable peak and average power limits for the purpose of commencing RF Component Test Cage and Cavity Test Cave Commissioning activities.
AND an approved klystron/modulator operating procedure is available. 
4. 325 MHz RF Component Test Cage Commissioning

RF Component Test Cage (RF Cage) commissioning is the activity of establishing RF power through the waveguide system, the waveguide shutter, and the waveguide-to-coaxial transition into the RF Cage. The commissioning includes verifying the performance and safety of these RF power distribution and control elements and of the Cage itself.
Required Configuration for RF Cage Commissioning
The RF distribution system shall be configured such that RF power may be applied to all parts of the waveguide sections of the distribution system and to the 3” coaxial section of the system up to and including the coaxial switch and its immediately attached RF load.  

1. The waveguide switch shall be positioned (not necessarily locked) to direct RF energy toward the Cage. (Note: subsequent to completion of klystron commissioning, operation into the RF load at the other position of the waveguide switch is acceptable, although it is not the position for RF Cage commissioning.)
2. The waveguide shutter shall be positioned open or closed as required by steps in the RF Cage commissioning procedure.

3. The coaxial switch in the 3” coaxial line shall be locked in position to direct RF energy to the immediately attached RF load.

4. Any section of the 3” coaxial RF distribution system attached to the remaining coaxial switch port shall be terminated in a suitable RF load or shall be blanked off at the end(s) with a conducting plate. 
5. The RF cage, an enclosure secured by an AD ES&H Dept. interlock system, shall be secured according to the interlock procedures prior to any operation with the waveguide shutter in the open position.

Prerequisites to Begin RF Cage Commissioning

Documentation:


Approved RF Cage interlock and search/secure procedures

Approved RF Cage LOTO procedure
Approved klystron/modulator operating procedure
RF and Klystron Equipment Interlock Test Procedure/ Checklists for RF Cage commissioning

RF Cage commissioning procedure 

Tasks that must be completed:

Full or conditional completion of klystron commissioning

Final Area/Equipment Walkthru – M. Andrews, TBD
Verification of required RF power distribution system configuration – R. Webber or designee

Approvals to proceed by:

Klystron and RF Power system engineer – A. Moretti

RF equipment interlock system engineer – P. Prieto

HINS Meson Program Leader – R. Webber

HINS Meson Safety Coordinator – M. Andrews

AD ES&H Radiation Safety – M. Gerardi or designee

AD ES&H – J. Anderson or designee

AD Division Headquarters – R. Dixon or designee

Personnel Required to be Available for RF Cage Commissioning

Al Moretti or designee– RF engineer

Dave Wildman – RF Cage lead person

Peter Prieto or designee – RF interlocks engineer

AD ES&H Dept. designee – for monitoring radiated electromagnetic energy

Definition of Completion of RF Cage Commissioning

RF power shall have been successfully delivered to RF Cage at 600 kW peak pulse power at > 1 millisecond RF pulse length and with maximum duty cycle supported by the presently installed modulator charging power supply.

AND under those conditions:

1. Power level and timing controls have been demonstrated to operate as designed.

2. RF equipment interlocks have been demonstrated to function satisfactorily.

3. RF leakage from relevant sections of the RF power distribution system has been verified as acceptable within guidelines of Fermilab ES&H and Radiological Control Manuals and IEEE Standard C95.1.

4. Waveguide shutter attenuation has been measured at klystron power of 2 MW
AND an approved RF Cage operating procedure is available.

5. 325 MHz Cavity Test Cave Commissioning

Cavity Test Cave (Cave) commissioning is the activity of establishing RF power through the waveguide system, the 3 1/8” coaxial RF power switch, and the 3 1/8” coaxial RF power distribution system into the cavity test cave. The commissioning includes verifying the performance and safety of these RF power distribution and control systems. 

Required Configuration for Cavity Test Cave Commissioning

The RF distribution system shall be configured such that RF power may be applied to any part of both the waveguide and the coaxial sections of the distribution system.  

1. The waveguide switch shall be positioned (not necessarily locked) to direct RF energy toward the Cave. (Note: subsequent to completion of klystron commissioning, operation into the RF load at the other position of the waveguide switch is acceptable, although it is not the position for Cave commissioning.)
2. The waveguide shutter shall be locked in closed position.

3. The coaxial RF port in the RF Component Test Cage shall be blanked off with a conducting plate, unless Cage commissioning has been completed and resultant RF Cage operational procedures are followed. 
4. The coaxial switch in the 3 1/8” coaxial line shall be positioned as required by steps in the Cave commissioning procedure.
5. The ends of the 3 1/8” coaxial RF distribution system inside the Cave shall be terminated with suitable RF load or conducting plate as required by steps in Cave commissioning procedure. 

6. The Cave, an enclosure secured by an AD ES&H Dept. interlock system, shall be secured according to the interlock procedures prior to any operation with the coax switch in the “Cave” position.

Prerequisites to Begin Cavity Test Cave Commissioning

Documentation:


Approved Cave interlock and search/secure procedures

Approved RF Cave LOTO procedure

Approved klystron/modulator operational procedures

RF and Klystron Equipment Interlock Test Procedure/ Checklists for Cave commissioning

Cavity Test Cave commissioning procedure 

Tasks that must be completed:

Full or conditional completion of klystron commissioning

Final Area/Equipment Walkthru – M. Andrews, TBD

Verification of required RF power distribution system configuration – R. Webber or designee

Approvals to proceed by:

Klystron and RF Power system engineer – A. Moretti

RF equipment interlock system engineer – P. Prieto

HINS Meson Program Leader – R. Webber

HINS Meson Safety Coordinator – M. Andrews

AD ES&H Radiation Safety – M. Gerardi or designee

AD ES&H – J. Anderson or designee

AD Division Headquarters – R. Dixon or designee

Personnel Required to be Available for Cavity Test Cave Commissioning

Al Moretti or designee– RF engineer

Jim Steimel – Cavity Test Cave lead person

Peter Prieto or designee – RF interlocks engineer

AD ES&H Dept. designee – for monitoring radiated electromagnetic energy

Definition of Completion of Cavity Test Cave Commissioning

RF power shall have been successfully delivered to Cave at >200 kW and >20 kW peak pulse power into the respective distribution paths at > 1 millisecond RF pulse length and with maximum duty cycle supported by the presently installed modulator charging power supply.

AND under those conditions:

1. Power level and timing controls have been demonstrated to operate as designed.

2. RF equipment interlocks have been demonstrated to function satisfactorily.

3. RF leakage from relevant sections of the RF power distribution system has been verified as acceptable within guidelines of Fermilab ES&H and Radiological Control Manuals and IEEE Standard C95.1.

4. Coaxial RF power switch attenuation has been measured at klystron power of 2 MW.
AND an approved Cavity Test Cave operating procedure is available.

Approval to Commence
Run Plan for Commissioning the 325 MHz RF System for the High Intensity Neutrino Source R&D Facility in the Fermilab Meson Detector Building
________________________________________

HINS Meson Program Leader – R. Webber

________________________________________

AD ES&H Radiation Safety – M. Gerardi or designee

________________________________________

HINS Meson Safety Coordinator – M. Andrews

________________________________________

Klystron and RF Power system engineer – A. Moretti

________________________________________

Modulator system engineer – C. Jensen or H. Pfeffer

________________________________________

RF equipment interlock system engineer – P. Prieto

________________________________________

Klystron equipment interlock system engineer – D. McDowell
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