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The Electron Cyclotron Heating System provides breakdown and startup assist through an electron cyclotron heating system.  The system will 
be composed of an AC/DC power conversion system, gyrotron source, transmission system, vacuum window and launcher.  Any ECH specific
diagnostics will be included and interfaced to Central I&C. 

This scope of the WBS element for the NSTX Upgrade covers the ECH and other antenna systems, and miscellaneous diagnostics and 
components attached to the vessel which will be affected by the increases in EM and thermal loading. Disruption loads on the ECH waveguide
will be evaluated for the Center Stack Upgrade Fields and field transients. Discussions with heating system experts regarding the performance
of the ECH system for the higher Center Stack Upgrade fields indicate that no modification to the resonant frequency or other operational 
characteristic for the system will require upgrade. Only disruption qualification is planned.  No previous qualification has been identified, so the 
resources include creation of a new calculation – not a review of an existing calculation as is the case for ICRH.
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NSTX Upgrade Project
Subtotal 310 01APR10A 01APR10A 06JUN11 24JUN11 -14 121 84,191.50 58,233.11 70,710.96

Job: 2300 - Other Analysis-TITUS
Subtotal 310 01APR10A 01APR10A 06JUN11 24JUN11 -14 121 84,191.50 58,233.11 70,710.96

2300-0010A Analyses of RF MHD Shield Disruptive Loads 37* 25MAR11A 16MAY11 0 125 0.00 85 0.00 0.00

2300-0011 Run Other GRD disruptions for the HHFW
antenna

228* 01JUN10A 01JUN10A 31AUG10A 28APR11A -163 0.00 100 0.00 0.00

2300-0012 Updat HHFW Antenna 228* 01JUN10A 01JUN10A 31AUG10A 28APR11A -163 0.00 100 0.00 0.00

2300-0013 Maintain/Update Diagnostic Database 240* 01JUN10A 01JUN10A 31AUG10A 16MAY11 -175 125 0.00 99. 0.00 0.00

2300-0014 File Preliminary Database/Study 240* 01JUN10A 01JUN10A 31AUG10A 16MAY11 -175 146 0.00 99. 0.00 0.00

2300-0015 Check/Complete Disruption and Thermal
Analyses

175* 01SEP10A 01SEP10A 01APR11 16MAY11 -31 125 19,013.72 85 16,115.13 18,958.98

2300-0016 Present/track recommentdations 154* 01SEP10A 01SEP10A 01APR11 28FEB11A 24 18,897.18 100 18,958.98 18,958.98

2300-0018 FDR Prep 21* 04APR11 19MAY11 27MAY11 17JUN11 -14 123 19,268.00 0.00 9,634.00

2300-0018A Other Analysis  - Peer review 0 18MAY11* 0 123 0.00 0.00 0.00

2300-0019 CONDUCT FDR 3 31MAY11 22JUN11* 06JUN11 24JUN11 -14 121 3,853.60 0.00 0.00

FY102300 FY10 Actual Cost 22 01APR10A 01APR10A 30APR10A 30APR10A 0 3,904.00 100 3,904.00 3,904.00

FY102300A FY10 Actual Cost 110 03MAY10A 03MAY10A 30SEP10A 30SEP10A 0 19,255.00 100 19,255.00 19,255.00
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2300 ECH Analysis (Titus) START      28FEB2009  31MAR2009  30APR2009  31MAY2009  30JUN2009  31JUL2009  31AUG2009  30SEP2009  31OCT2009  30NOV2009  31DEC2009 
BCWS 0 0 0 0 0 0 0 0 0 0 0 0

CUM BCWS 0 0 0 0 0 0 0 0 0 0 0 0

BCWP 0 0 0 0 0 0 0 0 0 0 0 0

CUM BCWP 0 0 0 0 0 0 0 0 0 0 0 0

ACWP 0 0 0 0 0 0 0 0 0 0 0 0

CUM ACWP 0 0 0 0 0 0 0 0 0 0 0 0

CV 0 0 0 0 0 0 0 0 0 0 0 0

SV . . . . . . . . . . . .

CPI N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

SPI N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A



2300 ECH Analysis (Titus)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2010  28FEB2010  31MAR2010  30APR2010  31MAY2010  30JUN2010  31JUL2010  31AUG2010  30SEP2010  31OCT2010  30NOV2010  31DEC2010 
0 0 0 4 4 4 4 4 9 6 5 5

0 0 0 4 8 12 15 19 28 34 39 44

0 0 0 0 0 0 0 0 0 0 0 27

0 0 0 0 0 0 0 0 0 0 0 27

0 0 0 0 0 0 0 0 0 0 0 27

0 0 0 0 0 0 0 0 0 0 0 27

0 0 0 0 0 0 0 0 0 0 0 0

. . . -4. -8. -12. -15. -19. -28. -34. -39. -17.

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A .99

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.61



2300 ECH Analysis (Titus)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2011  28FEB2011  31MAR2011  30APR2011  31MAY2011  30JUN2011  31JUL2011  31AUG2011  30SEP2011  31OCT2011  30NOV2011  31DEC2011 
6 5 6 10 10 3 0 0 0 0 0 0

49 55 61 71 81 84 84 84 84 84 84 84

12 18 0 2 0 0 0 0 0 0 0 0

38 56 56 58 58 58 58 58 58 58 58 58

0 2 0 0 0 0 0 0 0 0 0 0

27 29 29 29 29 29 29 29 29 29 29 29

11 27 27 29 29 29 29 29 29 29 29 29

-11. 2. -5. -13. -23. -26. -26. -26. -26. -26. -26. -26.

1.42 1.95 1.95 2.02 2.02 2.02 2.02 2.02 2.02 2.02 2.02 2.02

0.77 1.03 0.93 0.82 0.72 0.69 0.69 0.69 0.69 0.69 0.69 0.69
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This Work Breakdown Structure (WBS) organizes and defines the scope of the NSTX 
Upgrade using the WBS as established by the original NSTX project and modified to 
accommodate the NSTX Upgrade. 
 
WBS  
L1 L2 L3  Description 
1    NSTX UPGRADE PROJECT 
  
 1.1   Torus Systems   
  1.1.0 Project Integrated Model 
  1.1.1 Plasma Facing Components 
  1.1.2 Vacuum Vessel and Support Structure 
  1.1.3 Magnet Systems 
   
 1.2   Plasma Heating and Current Drive Systems 
  1.2.1 High Harmonic Fast Wave (HHFW) 
  1.2.2 Coaxial Helicity Injection (CHI) Current Drive  
  1.2.3 Electron Cyclotron Heating (ECH) 
  1.2.4 Neutral Beam Injection (NBI) 
 
 1.3   Auxiliary Systems 
  1.3.1 Vacuum Pumping System 
  1.3.2 Coolant Systems 
  1.3.3 Bakeout Heating System 
  1.3.4 Gas Delivery System 
  1.3.5  Glow Discharge Cleaning System 
 
 1.4   Plasma Diagnostics 
  1.4.1 Plasma Diagnostics 
 
 1.5   Power Systems 
  1.5.1 AC Power Systems 
  1.5.2 AC/DC Converters 
  1.5.3 DC Systems 
  1.5.4 Control and Protection System 
  1.5.5 General Power Systems and Integration 
 
 1.6   Central Instrumentation and Controls (I&C) 
  1.6.1 Control System 
  1.6.2 Data Acquisition System 
 
 1.7   Project Support & Integration 
  1.7.1 Project Management and Integration 
  1.7.2 Project Physics 
  1.7.3 Integrated Systems Tests 
 
 1.8   Site Preparation and Assembly 
  1.8.1 Site Preparation 
  1.8.2 Torus Assembly and Construction 
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WBS Element: 1.2     WBS Level: 2 
WBS Title: Plasma Heating and Current Drive Systems 
Definition: The heating and current drive systems include all the auxiliary plasma 

heating and current drive systems. This WBS element includes the High 
Harmonic Fast Wave (HHFW) Current Drive System, the Coaxial Helicity 
Injection (CHI) Current Drive System, the Electron Cyclotron Heating 
(ECH) System, and the Neutral Beam Injection (NBI) System.  Only  ECH 
(WBS 1.2.3) and Neutral Beam Injection (WBS 1.2.4) are impacted by the 
NSTX Upgrade Project.  The scope of the work contains engineering 
design, R&D, mockups, procurement activities, component fabrication, 
installation, and System Testing.  Installation of the WBS 2 systems is 
included in the individual WBS 2, level 3 elements. 

 
WBS Element: 1.2.1    WBS Level: 3 
WBS Title: High Harmonic Fast Wave (HHFW) 
Definition: The High Harmonic Fast Wave System provides radio frequency (rf) 

energy to the plasma for the purpose of plasma heating and current drive.  
The components of such a system include generators, transmission lines, 
tuning systems, antennas and their associated diagnostic and control 
systems.  The system includes components inside the vacuum vessel 
(antennas and feed-throughs) in the test cell (transmission and tuning 
components) and in the RF power rooms (AC/DC power conversion 
system, RF generators, switches and loads). There are no changes to the 
HHFW System as part of the NSTX Upgrade Project. 

 
WBS Element: 1.2.2    WBS Level: 3 
WBS Title: Coaxial Helicity Injection (CHI) Current Drive  
Definition: The Coaxial Helicity Injection System is to provide helicity injection to 

aid startup and provide edge current profile control.  The main hardware 
elements required fall under other WBS’s.  These include a ceramic break 
in the vacuum vessel (WBS 1.1.3) the poloidal coil system (WBS 1.1.3) 
and a power supply (WBS 1.5).  In this WBS element the task is to assure 
that the various components of the system are compatible with helicity 
injection and that the Central I&C required is provided. There are no 
changes to the CHI System as part of the NSTX Upgrade Project. 

 
WBS Element: 1.2.3    WBS Level: 3 
WBS Title: Electron Cyclotron Heating (ECH)  
Definition: The Electron Cyclotron Heating System provides breakdown and startup 

assist through an electron cyclotron heating system.  The system will be 
composed of an AC/DC power conversion system, gyrotron source, 
transmission system, vacuum window and launcher.  Any ECH specific 
diagnostics will be included and interfaced to Central I&C.  

 
This scope of the WBS element for the NSTX Upgrade covers the ECH 
and other antenna systems, and miscellaneous diagnostics and components 
attached to the vessel which will be affected by the increases in EM and 
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thermal loading. Disruption loads on the ECH waveguide will be 
evaluated for the Center Stack Upgrade Fields and field transients. 
Discussions with heating system experts regarding the performance of the 
ECH system for the higher Center Stack Upgrade fields indicate that no 
modification to the resonant frequency or other operational characteristic 
for the system will require upgrade. Only disruption qualification is 
planned.  No previous qualification has been identified, so the resources 
include creation of a new calculation – not a review of an existing 
calculation as is the case for ICRH. 
{Electron Cyclotron Heating (Job 2300)} 
 

WBS Element: 1.2.4    WBS Level: 3 
WBS Title: Neutral Beam Injection (NBI) 
Definition: The Neutral Beam Injection System Upgrade provides a second Neutral 

Beam as part of the NSTX Upgrade Project.  The second NBI is identical 
to the one already installed on NSTX.  An existing TFTR beam will be 
decontaminated, refurbished, and installed on NSTX. This WBS element 
includes the NBI source refurbishment; the TFTR beamline 
decontamination, refurbishment and relocation to the NSTX Test Cell; the 
2nd NBI Services; the NBI armor modifications; the 2nd NBI Power, 
Controls and Instrumentation; the 2nd NBI Duct and vacuum vessel 
modifications; and the NSTX Test Cell equipment removals and 
relocations necessary to accommodate the 2nd NBI. Vacuum Pumping 
System Modifications necessary to accommodate the 2nd NBI are included 
in WBS element 1.3. NBI Management and Health Physics support are 
included in element WBS 1.7.  

 
WBS Element: 1.2.4.2    WBS Level: 4 
WBS Title: NBI Source Refurbishment  
Definition: This WBS element includes the activities to refurbish three neutral beam 

ion sources for the 2nd Neutral beamline, as currently being performed for 
the installed Neutral beamline 1.  
{Source Refurbishment (Job 2420)} 

 
WBS Element: 1.2.4.3    WBS Level: 4 
WBS Title: NSTX Beamline 2 Decontamination  
Definition: This WBS element includes the disassembly and decontamination 

activities of a TFTR Neutral Beam beamline in preparation for beamline 
refurbishment and reuse as an NSTX upgrade.  
{NSTX Beamline 2 Decontamination (Job 2430)} 

 
WBS Element: 1.2.4.4    WBS Level: 4 
WBS Title: NBI Beamline Refurbishment and Relocation 
Definition: This WBS element includes refurbishment of a TFTR NBI and its 

relocation to the NSTX test cell.  
 
 Included in this WBS element are the activities necessary to refurbish a 

TFTR Neutral Beam beamline for use on NSTX. This scope includes 
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