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	WBS Element:  2
	WBS Level:  2

	WBS Title:
	Auxiliary Systems

	Description:
	This summary-level WBS element consists of all the auxiliary systems required for the NCSX experimental program.  Some of these systems are required for initial operation while others are planned as upgrades during the experimental program phase.  The Auxiliary Systems include the:

· Fueling Systems (WBS 21)

· Vacuum Pumping Systems (WBS 22)

· Wall Conditioning Systems (WBS 23)

· RF Heating Systems (WBS 24)

· Neutral Beam Heating Systems (WBS 25) 

Included in these elements are all the engineering and physics design efforts starting with the preliminary design phase (Title I) and ending at first plasma, all the necessary Research and Development (R&D) to support the design effort, all component fabrication, assembly, and installation activities, and all system level commissioning and testing.  Integrated systems testing of the entire NCSX device is covered in Pre-Operational and Integrated Systems Testing (WBS 92). Legacy equipment removal


	WBS Element: 21
	WBS Level:  3

	WBS Title:
	Fueling Systems

	Description:
	This WBS element consists of all the effort and systems to provide operational gas and pellet injection fueling systems for the NCSX device.  The existing PBX-M legacy systems will be used for both systems.  

	WBS Element:  211
	WBS Level:  4

	WBS Title:
	Gas Fueling Systems

	Description:
	This WBS element consists of the effort to provide gas fueling systems. This WBS element consists of the repair and maintenance needed to bring the existing PBX-M legacy system to operational status in the NCSX facility.  The legacy PBX-M Fuel Gas System includes the Hydrogen Gas Purification System.  The PLC used for the vacuum pumping systems (WBS 221) will also be used for this system. 

	WBS Element:  212
	WBS Level:  4

	WBS Title:
	Pellet Injection Fueling Systems

	Description:
	Design only This WBS element consists of the effort to provide a pellet injection fueling system for use on NCSX. This WBS element consists of the repair and maintenance needed to bring the existing PBX-M legacy system to operational status in the NCSX facility.  This is a stand-alone system with its own PLC (either the existing PLC or a new one). Special guide tubes will be installed for vertical, inner wall, and outer wall injection during pre-assembly of the stellarator core field periods. 


	WBS Element:  22
	WBS Level:  3

	WBS Title:
	Vacuum Pumping Systems

	Description:
	This WBS element consists of the legacy torus pumping systems of the PBX-M device. The total effort will be to remove, recommission, upgrade (as necessary), install, and test the existing systems, making them fully operational in the NCSX facility.  The legacy PBX-M Vacuum Vessel Pumping System consists of:

· Four (4) Leybold Heraeus TMP 1500 turbo-molecular pumps

· Four (4) Model 1398 belt driven backing pumps

· One (1) Kinney KT 500 belt driven roughing pump

A new Residual Gas Analyzer (RGA) will be provided.  In addition, the legacy Pumping System controls will be replaced with a PLC based system. 


	WBS Element:  23
	WBS Level:  3

	WBS Title:
	Wall Conditioning Systems

	Description:
	This WBS element consists of the effort and systems to provide wall conditioning and impurity control.  Included are the Glow Discharge Cleaning (WBS 231), Boronization Systems (WBS 232) and Lithiumization Systems (WBS 233).

Note: Heating (including bakeout) and cooling of the vacuum vessel and PFCs is provided under Vacuum Vessel and PFC Heating and Cooling Systems (WBS 625)


	WBS Element:  231
	WBS Level:  4

	WBS Title:
	Glow Discharge Cleaning System

	Description:
	This WBS element consists of the effort to provide a glow discharge cleaning (GDC) system for use on NCSX.  The WBS element will consist of one fixed wall anode and one dual biased pre-ionization filament unit.  These will be installed in each of the 3 NCSX Sectors.  A positive bias will be applied between each filament and the vessel so electrons fill the vessel volume. The vessel will be filled with He or D2 to a pressure of 2-4 mTorr. A bias of about positive 500V will be applied between each anode (+) and the vessel walls (-). The pre-ionization electrons will facilitate the ignition of the GDC at the desired operating pressure and voltage.  


	WBS Element:  232
	WBS Level:  4

	WBS Title:
	Boronization Systems

	Description:
	This WBS element consists of the effort to provide a boronization system for use on NCSX.  Trimethylboron (TMB) Boronization uses the regular torus Gas Injection, GDC, and Vacuum Pumping Systems.  A HeGDC  is established and a mixture of 90% He and 10% TMB [B(CD3)3] is injected into the HeGDC. After about 3 hrs, 10 g of B/C are deposited on the walls of the vessel to provide a very effective impurity gettering layer about 70-100 monolayers thick.  The work required to implement TMB boronization involves installing suitable pressure sensors and interlocking the TMB injection to the GDC current in the PLC.


	WBS Element:  233
	WBS Level:  4

	WBS Title:
	Lithiumization Systems

	Description:
	The capability for lithiumization, either by pellet injection, spray, or other techniques, is required as a future upgrade.  This WBS element consists of the design effort to assure that lithiumization can be accommodated as a future upgrade. No R&D and prototyping; fabrication; and assembly, installation, and testing is required for WBS 233.


	WBS Element:  24
	WBS Level:  3

	WBS Title:
	RF Heating Systems

	Description:
	The additions of up to 6MW of ICH and 2MW of ECH are required as future upgrades. This WBS element consists of the design effort to assure that these additions can indeed be accommodated as future upgrades. The design effort shall include developing design concepts, equipment locations, and space requirements. No R&D and prototyping; fabrication; and assembly, installation, and testing is required for WBS 24.  


	WBS Element:  25
	WBS Level:  3

	WBS Title:
	Neutral Beam Injection Systems

	Description:
	NCSX will utilize the 2 of the 4 existing PBX-M neutral beams and components.  The other two beams will be stored for later use.  WBS 25 consists of the necessary effort to repair and maintain the existing systems and the effort to bring these systems to an operational status (WBS 251), including the relocation of 2 of the 4 beams.  Since NCSX will use existing PBX-M legacy neutral beam systems, no R&D is anticipated.  These WBS elements include the effort to reinstall and test the two beams to be utilized for the baseline device. 

Steps:

1. Move the beams out of the PBX test cell (Where are they going?  Is there any site prep work required for this area?)

2. Restore the beams to full operational capability (Is there a NB test cell where this will be done so as minimize operations in the NCSX test cell? Will any beamline modifications be done?  Where is the cost of this tallied?)

3. Relocate and realign beams on NCSX.  Make beams fully operation.

How do these steps map into the WBS elements below? Action: Kugel


	WBS Element:  251
	WBS Level:  4

	WBS Title:
	Neutral Beam Systems Recommissioning and Testing

	Description:
	This WBS element consists of the effort to repair and maintain the 2 PBX-M legacy systems (power, vacuum, cryogenic, water, air, instrumentation, PLC control, computer control, computer archiving, and diagnostic subsystems).

Note 1: These systems have not been maintained since the mid-1990’s, so additional scope may be identified as the work progresses.

Note 2: While not an issue for the baseline device, if 4 beams are eventually deployed, replacement of the Accel Power Rectifier and Modulator Systems will be needed.


	WBS Element:  252
	WBS Level:  4

	WBS Title:
	Neutral Beam Relocation and Realignment

	Description:
	This WBS element consists of the effort to remove the existing 4 legacy PBX-M neutral beam systems and to relocate two (2) of those beams to more tangential injection angle.  The above work requires removing a designated Beamline (weight =7.5 Tons) from the PBX-M NCSX Test Cell to a suitable storage location (e.g., D-Site NB Power Conversion Building) using the Perry Lift Rig. At this storage location, refurbishing work will be performed.  The Beamline base-plates will be moved to the new location. The required Ion Source power junction box and cables located under the Platform will be refabricated for new base-plate location. All control and diagnostic cables will reinstalled. The air, water, cryo, and vacuum lines will be extended to the new location. The Beamline will then be lifted from its storage location, and placed on its base plate at the new location. 
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