NCSX Conceptual Design Review Recommendations Tracking Log  May, 2003 Update


	Recom​mendation Number
	Recommendation / Disposition Plan

	PHY-1
	CDR Panel Report: Develop start-up scenarios with 3 MW neutral beam power.

Project Response / Plan: This will be done as part of developing plasma control strategies and algorithms. Long term; not needed for PDR. No further work planned before PDR.
Primary Project Responsibility: Ed Lazarus.

	PHY-2
Complete
	CDR Panel Report: Determine the physics impact of magnetic field error likely to occur from coil imperfections.

Project Response / Plan: This will be addressed by assessing the physics properties of a subset of the perturbations from the coil tolerance study, applied to the reference coilset.  Since the readily available physics assessment codes all assume stellarator symmetry, only symmetric perturbations will be assessed.   Some results will be available by the PDR.
Status (May, 2003): Physics Properties. Several coil perturbations, characterized by different combinations of poloidal and toroidal mode number, have been examined. The perturbation amplitude had to be increased to 1 cm, much larger than required tolerance, to see any effect. The effect on effective helical ripple was negligible and kink stability was restored with very small adjustments in coil currents. Thus there are no deleterious impacts on physics properties, even with an exaggerated perturbation.

Status (May, 2003): Magnetic Surfaces. The effect of coil perturbations on island width was initially estimated using a linearized, analytic model that neglected any effects of plasma response. This was reported at the CDR. Since the CDR, stellarator-symmetric coil perturbations have been evaluated using the PIES code to calculate the self-consistent equilibrium and determine the island width as a function of perturbation amplitude up to 1 cm. The calculated island width is a factor of 3-5 smaller than the linearized model.
Primary Project Responsibility:  Physics properties: Neil Pomphrey.  Magnetic surfaces: Allan Reiman

	PHY-3
	CDR Panel Report: Continue V3FIT code development and associated necessary diagnostic development (a PVR recommendation).

Project Response / Plan: Agree. V3FIT is a long term project, for which the Theory program has responsibility, and is not needed for PDR. Magnetic diagnostics are the project’s responsibility. The issue for the PDR is to estimate the number and type of sensors, reserve space in the model, and identify interfaces with the stellarator core.

Status (May, 2003):An initial physics assessment of the number and type of magnetic sensors required for equilibrium measurements has been completed. The envisioned system includes in-vessel magnetic field probes, vessel-mounted saddle loops, flux loops co-wound with the magnets, plasma current Rogowski loops, and magnet current sensors. Interface requirements are currently being documented and the system design issues (space requirements, mounting, cabling) are being addressed by the Diagnostic and Stellarator Integration teams.
Primary Project Responsibility: Ed Lazarus.

	PHY-4
	CDR Panel Report: Extend the use of the PIES code to additional flexibility studies.

Project Response / Plan: Agree. We will do a preliminary analysis of a subset of cases in the near future. A more extensive study will be done as part of developing strategies and algorithms for magnetic surface quality control using the trim coils. Long term; not needed for PDR.

Primary Project Responsibility: Allan Reiman.

	ENG-1
	CDR Panel Report: R&D efforts need to be pushed earlier and expediently accomplished. These include tests of the epoxy-potted flexible conductor with respect to mechanical and thermal properties for incorporation into stress, thermal analysis, and tests of the chill plate cooling method on the planar test coil to evaluate conduction as a function of required preloads and contact area, and obtain the necessary keystoning data for incorporation into the design of the winding forms. 

Project Response / Plan: Agreed. A work plan will be developed for established coil properties and design criteria. (plan and initial results by PDR)

Status (Jan., 2003): Work plan has been developed. Conductor properties and keystoning data will be available for PDR. Cooling concept design trade studies and R&D are in progress.
Primary Project Responsibility: Brad Nelson

	ENG-2
	CDR Panel Report: The NCSX team should start R&D on coil winding and potting techniques at the earliest possible time to develop expertise in the forming and required clamping of the conductor into twisted, non-planar forms, tooling required to set up the winding lines, and in the epoxy impregnation techniques required to ensure a good fill with the complex geometry. 

Project Response / Plan: A work plan will be developed for establishing winding, potting, and measurement techniques. (plan and initial results by PDR)

Status (Dec., 2002): Work plan has been developed and initial tests have started.
Primary Project Responsibility: Jim Chrzanowski.

	ENG-3

ENG-5

CS-3

ASSY-1
	CDR Panel Report: The NCSX team should examine ways to speed up production/delivery of the coil winding forms. 

CDR Panel Report: Develop alternatives for manufacturing and assembly planning to accommodate the most rapid delivery schedule that can be achieved by the form vendors.

CDR Panel Report: Implement measures by CD-2 to enable acceleration of the critical and near-critical path activities (primarily modular coil production and vacuum vessel production) to reduce schedule risk. … 

CDR Panel Report: Consider potential alternative assembly plans to interface with vendor delivery and coil winding. 

Project Response / Plan: Agreed. Expediting production of winding forms and putting more float into critical path will be a priority in planning.  The plan will be presented at the PDR.

Status (Jan., 2003): The project schedule and assembly sequence are being developed with the aim of providing increased schedule flexibility. Measures being evaluated:

· Assembling three-coil subassemblies over the vacuum vessel instead of one coil at a time.

· Planning the R&D (choice of prototype coil type) and coil winding/assembly activities to give the suppliers maximum freedom to manufacture the coils in whatever order is optimum.

· Fabricating and shipping each vacuum vessel period when ready; fabricate ports in parallel with shell.

· Continue to incorporate manufacturer input into the schedule development.

…cont’d. 


	ENG-3

ENG-5

CS-3

ASSY-1

cont’d.
	Status (May, 2003): 
· The three-coil assembly scheme has been adopted.

· The schedule currently shows the coils being manufactured by shape, which is believed to be preferred for manufacture, but could accommodate other sequences with no negative impact.

· The vacuum vessel ports will be fabricated in parallel with the shell.

· The manufacturing development contracts for the winding forms and vacuum vessel have been placed. Cost and delivery schedule for the production components were a factor in supplier selection. Supplier cost and schedule input will be folded into the performance baseline which will be reviewed at the PDR.
· The plan will balance cost, schedule, and technical risk. It may not be possible to accelerate the manufacturing schedule, but even so, the schedule still projects a June, 2007 first plasma with 6 months of schedule contingency 
Primary Project Responsibility: Brad Nelson

	ENG-4
	CDR Panel Report: A demo coil should be fabricated and operated at cryogenic temperatures early in the procurement process to provide input into unforeseen problems with the design and/or manufacturing. This coil needs to be highly instrumented with regard to stress and strain in critical areas, temperature measurement and subject to repeated thermal and mechanical cycling. 

Project Response / Plan: It is possible that the prototype coil could be instrumented and exercised at cryogenic temperatures, however this is not currently in the project plans  The Project will review this idea to determine the cost and benefits of implementation.

Status (Jan., 2003): The benefits in risk reduction will be evaluated against the cost and schedule impacts for the PDR.
Status (May, 2003):  I think we’re now planning to do this. Please elaborate.
Primary Project Responsibility: Brad Nelson

	ENG-5
	See ENG-3.

	ENG-6
	CDR Panel Report: QA measures must be planned very carefully in all steps of manufacturing and assembly. 

Project Response / Plan: It is agreed that QA measures are critically important in the design, fabrication, and assembly of the stellarator core.  Line management is responsible for assuring that adequate measures are taken to assure quality.  QA professionals will be directly involved in the review of the design; design documentation; procurement documentation; manufacturing, inspection, and test plans; and installation and test procedures. (No additional action required.)

Status (Jan., 2003): Examples of recent formal QA measures taken: The NCSX QA Plan was issued in Nov., 2002. Formal Manufacturing, Inspection, and Test Plans and QA Plans are being developed for the manufacturing prototypes of the MCWF and VV. Supplier QA plans are obtained as part of the proposal packages.

Primary Project Responsibility: Wayne Reiersen

	AUX-1

CS-2
WBS 22

Completed
WBS 25

Open

WBS 4

Open

WBS 6

Completed
	CDR Panel Report: Responsible engineers should identify critical, one-of-a-kind components (particularly components that may not be repairable or replaceable) in legacy systems, and develop a test plan that checks these components before assembly and installation of the complete system. 

CDR Panel Report: Identify by CD-2 reused equipment that could have significant impact on cost and schedule if it is not functional when required by the project. This equipment should be tested as early as possible to identify cost and schedule impacts. 

Project Response / Plan: Agreed. 

Status (May, 2003): Vacuum Pumping (WBS 22) The testing of the legacy TMPs, power supplies and backing pumps has been completed for assessing their use on NCSX.  The roughing pump was not tested.  The roughing system for NCSX will be handled by Neutral Beams since the primary use of the system is to regenerate beams.

Three of the PBX Leybold 1500 TMPs were mounted on a test stand and run for a minimum of 4  hours.   The pumps operated satisfactorily.  The 4th PBX TMP is being used on MRX and is also operating satisfactorily. Henry Kugel has informed the MRX project that this pump will be needed for NCSX use.   We plan on sending all 4 pumps out to be refurbished prior to their installation on NCSX.   A bearing rebuild for these pumps is presently approximately $2,800.00 per pump.   Therefore all TMPs for use on NCSX are available and the purchase of additional high vacuum pumps is not required.

One TMP converter (power supply) is in use with MRX and is satisfactory.   Another three were used in the testing of the TMPs and were satisfactory.   Therefore all converters needed for NCSX are available.



	AUX-1

CS-2,

cont’d.
	The four Sargent Welch 1398 mechanical backing pumps were tested at their present location in the PBX/PLT sub-basement.   The pumps were cleaned up and the oil changed prior to running each pump for a minimum of 8 hours.  All of the pumps operated satisfactorily with base pressures of 2.5 mTorr or less.   We will refurbish the pumps (seals, belts and oil) prior to their use on NCSX.  Presently the parts to refurbish each pump is approximately $250.00.    Therefore all backing mechanical pumps for use on NCSX are available and the purchase of additional pumps is not required.
Primary Project Responsibility: Bill Blanchard

Status (May, 2003): Neutral Beam Injection (WBS 25). The evaluation of the legacy NBI equipment continues at several C site locations. In the ESAT building, two NBI beam boxes have been been pumped down to 10-6 Torr vacuum. The beam boxes have been leak checked and verified for their integrity. The boxes achieved and held good vacuum for these tests.

In the C site NBI switch yard, the AC Power group performed various maintenance and repair tasks on NBI high voltage switch gear and transformers. These components are ready for high voltage and system testing scheduled for later this year. Two complete power supply line ups (system number 502,504) have been checked out for service. The downstream Accel power supplies will be configured to mate to these two line ups.

In the C site MG area, the NBI Accel rectifiers have had deionized water circulated through the ignitrons without leaks. Cleaning of these high voltage systems has commenced in preparation for hipots and system testing.

In the NBI Modulator vault adjacent to the NCSX Test Cell, all of the Accel Modulator Power Supply high voltage switch tubes have been hipotted to determine tube vacuum integrity and high voltage insulator standoff. The two tubes deemed best per these tests are being installed in the 502 and 504 Modulator cabinets for testing. "B" system deionized water has been circulated to test the Modulator water system and repairs have been undertaken to the controls and plumbing. The Modulators are on track to support system hipots and testing scheduled for later this year.

Primary Project Responsibility: Tim Stevenson

	AUX-1,

CS-2
	Status (May, 2003): Power Systems (WBS 4). It is planned to hipot test the existing cables that run from the C‑Site MG building to the NCSX test cell and will be re-used. 

Primary Project Responsibility: Raki Ramakrishnan
Status (May, 2003): Water Systems (WBS 6). A water pump that services the neutral beam lines was evaluated and found to be in need of replacement, the cost of which is included in the estimate. 

Primary Project Responsibility: Larry Dudek

	AUX-2

Closed
	CDR Panel Report: The future upgrade for ECRH may be considered since most stellarators rely on this heating method.

Status (May, 2003): The General Requirements Document has been modified to require that provision be made to accommodate 3 MW of ECH as an upgrade. 
Primary Project Responsibility: Mike Zarnstorff.

	AUX-3
Closed
	CDR Panel Report: The location of the turbomolecular pumps may need to be reconsidered in order to increase the effective pumping speed. 

Status (June, 2002): The present location of the TMPs already provides pumping speeds well in excess of the minimum requirements. (No additional action required.)

Primary Project Responsibility: Bill Blanchard

	I&C-1
Closed
	CDR Panel Report: The timing system and the real time plasma control system should be as fast as possible (at the time of acquisition). The present specifications should be increased by a factor of ten in speed. A synchronized clock rate of 0.1 microseconds should be both possible and affordable. The real time control system will be asked to do complicated analyses and plasma reconstruction in order to maintain the desired plasma configuration. 

Status (June, 2002):  Agreed. Indeed this is what was presented in the CDR, though there may have been a miscommunication. As indicated in the CDR, the old TFTR clock time base of 1µs (1 MHz) was deemed too slow for NCSX.  Several new technologies exist to decrease the time granularity to 0.1µs (10¨ MHz) and this is the target specification for NCSX design.

Primary Project Responsibility: Gary Oliaro

	DIAG-1
	CDR Panel Report: Review, as project matures, allocations of funding and effort between diagnostics needed for commissioning in order to ensure that key measurements of magnetic surfaces and configuration properties are carried out effectively. 

Project Response / Plan: Agree.  The Diagnostics (WBS 3) cost and schedule will be updated as part of the project re-baselining for the PDR.
Status (May, 2003): Updated estimates to be submitted by the end of May.
Primary Project Responsibility: Dave Johnson.

	RESH-1
	CDR Panel Report: Keep deployable field mapping apparatus within the NCSX machine, so that measurement may be done, as needed, without having to open the machine to vacuum. 

Project Response / Plan: This is potentially a useful capability, which must be weighed against its costs and risks. It will be considered carefully as research and diagnostic plans are developed in more detail. 

Status (May, 2003): Requirements will be developed by the end of FY‑2003.
Primary Project Responsibility: Dave Johnson.

	PWR-1

Closed
	CDR Panel Report: Install the 6 Robicon supplies for operation of the trim coils within the Project Scope, with a cost implication of ~ $0.5M. Mapping stellarator flux surfaces is traditionally one of the first studies undertaken after the main power, coil and vacuum systems have been commissioned. A follow on task is to eliminate or reduce the size of any significant islands that might appear as a result of field errors. In order to carry out this task efficiently, the external trim coils should be made available essentially from the beginning of the operating phase. 

Status (June, 2002): The external trim coil will be useful during the flux surface mapping phase (Phase II). The external trim coil power supplies will not be needed at the beginning of that phase, since the first step will be to map the uncorrected magnetic surfaces from the main coils. However, we agree that they will be needed before the end of the flux-surface mapping phase. These power supplies have been added to the scope of the research preparation program, and the research preparation budget has been increased by in FY06‑07 so that they will be ready when needed, approximately 3‑5 months after First Plasma. 

Primary Project Responsibility: Raki Ramakrishnan.

	UTIL-1

Closed
	CDR Panel Report: Develop a cost comparison for a nitrogen reliquification system and the proposed once-through system. 

Status (Jan., 2003): An estimate for the break-even point of a cryogenic liquid nitrogen facility versus a once-through systems. The break-even point was found to be 72,000 gallons, or ten LN truckloads, per day, based on feedback from suppliers. For requirements exceeding this amount, an on-site liquification plant is appropriate. However, NCSX requirements are at most 2 truckloads per week, well below the break-even point, so the once-through system is the appropriate choice

Primary Project Responsibility: Geoff Gettelfinger

	UTIL-2


	CDR Panel Report: Perform analysis of transient cooldown from room temperature and thermal recovery after a shot to demonstrate single phase flow in the parallel cryogenic cooling circuits. The concern is stable flow of liquid nitrogen and the design approach used for cooldown of parallel flow paths. Is there a requirement for a flow control valve on each parallel line? 

Project Response / Plan / Status (Jan., 2003): 

According to experienced contacts in the aerospace industry, the circulation of single phase liquid cryogens as a heat removal mechanism is a routine method for producing "slush hydrogen" and solid cryogens.  A particular example of a liquid cooling circuit can be found in the staging facilities for the Upper Atmosphere Research Satellite (UARS) deployed from the space shuttle Discovery in 1991.  The Cryogenic Limb Array Etalon Spectrometer (CLAES) experiment, on board UARS, has both solid carbon dioxide and solid neon heat sinks.  These cooling reserves were fused with single phase liquid nitrogen and liquid helium circuits, respectively.

Submersible cryogenic pumps and related equipment are available from several vendors with experience in the liquid tanker industries, both in the over-the-road and ocean-going types. We believe that easily obtainable evidence shows the LN2 cooling approach is a sound scheme.

When the cooling system design parameters have been finalized, an analysis will be conducted to demonstrate that the chosen concept works. This will be done for the PDR.

Primary Project Responsibility: Brad Nelson / Geoff Gettelfinger

	ASSY-1
	See ENG‑3/ENG‑5.

	ASSY-2
	CDR Panel Report: Develop detailed assembly techniques and requirements and the necessary tooling as designs of the shell and vessel sections mature. 

Project Response / Plan: Development of assembly requirements, techniques, and tooling will be performed as a normal part of design development. (No additional action required.)

Status (Jan., 2003): Field Period Assembly Plans and Machine Assembly Plans are being developed for the PDR. These will identify tooling requirements and any special design features required in the modular coils or vacuum vessel to facilitate handling and assembly.
Primary Project Responsibility: Brad Nelson

	ASSY-3

MGMT-4
	CDR Panel Report: Develop an integrated testing and commissioning plan 

CDR Panel Report: Develop a preliminary commissioning and test plan. This documentation should be prepared for CD-2. 

Project Response / Plan: A preliminary integrated testing and commissioning plan will be developed by CD-2. 
Status (May, 2003): Responsibilities have been assigned and work started. The plan will be developed to the level of an outline of the final ISTP. It will be sufficient for baselining purposes, namely it will identify the testing and commissioning tasks that need to be carried out to support CD‑4 and cost and schedule will be estimated. However, the details of the plan will be developed later, by CD‑4.
Primary Project Responsibility: Charlie Gentile / Al von Halle

	MGMT-1

Closed
	CDR Panel Report: Define an integrated end-of-project milestone reflecting the unique stellarator character of NCSX.

Project Response / Plan: Agreed. The first plasma definition in the Project Execution Plan has been modified to indicate that a significant fraction of the rotational transform will be generated by stellarator fields from the coils, and the 3D plasma geometry will be verified photographically. 

	MGMT-2

Closed
	CDR Panel Report: Develop quantitative metrics defining Project Completion (CD-4) prior to CD-1. 

Status (June, 2002): Agreed. The end-of-project milestone definition in the Project Execution Plan has been expanded to establish quantitative metrics for the coils, power supplies, cryogenic system, vacuum system, controls, and neutral beam system.:

	MGMT-3

Closed
	CDR Panel Report: Revise and finalize the AEP and Preliminary PEP in concert with the DOE Project and Program Managers as necessary to secure the approval of these documents by CD-1. 

Status (June, 2002): Agreed. Modifications suggested by the CDR panel and comments from DOE have been incorporated into the Acquisition Execution Plan (AEP) and the Preliminary Project Execution Plan (PEP). 

	MGMT-4
	See ASSY-3.

	MGMT-5

Closed
	CDR Panel Report: Incorporate the PPPL-ORNL MOU into the Preliminary PEP as an appendix. 

Status (June, 2002): The PPPL-ORNL MoU documents understandings between the two institutions concerning their desired roles, responsibilities, and ratio of effort in various phases of the project. All matters that are relevant to how the project is to be managed are documented in the body of the PEP, which is more up-to-date and more detailed than the MoU, and is signed by both Laboratories and by DOE. There would be no value added by inclusion of the MoU, so we recommend against it.

	MGMT-6

Closed
	CDR Panel Report: Specify Level 3 management of WBS 1 (the Stellarator Core) by CD-1. 

Status (June, 2002): The engineering organization for the preliminary design phase has been defined to a greater level of detail. As part of this, WBS managers for the stellarator core subsystems have been defined as recommended. The revised organization is documented in the Project Execution Plan.

	ESH-1

CS-3

Closed
	CDR Panel Report: Consider ways to accelerate the EA process and complete it as expeditiously as possible. 

CDR Panel Report: Implement …  recommendations of Section 4 that accelerate completion of the NEPA (EA) process. 

Status (October, 2002): By following a strategy which accelerated the process, the NCSX EA process was completed ahead of schedule with the approval of a Finding of No Significant Impact (FONSI) by the DOE Chicago Operations Office in October, 2002.

Primary Project Responsibility: Jerry Levine.

	CS-1
	CDR Panel Report: Prepare a preliminary annual NCSX facility operating cost estimate, based on the envisioned research program, that includes costs for planned diagnostics and upgrades, by CD-2. 

Project Response / Plan: Agreed. Facility operations cost estimates will be updated using NSTX as a model and modifying where appropriate. Research staffing needs will also be estimated. Efficiencies resulting from operating two experiments (NSTX and NCSX) will be taken into account for both Facility and Research Ops. Existing upgrade estimates will be updated.
Status (May, 2003):  An update of the facility operations cost estimate based on NSTX actuals has started. Upgrade costs and research costs will be included to support the PPPL Institutional Plan update in May, 2003.
Primary Project Responsibility: Hutch Neilson

	CS-2
	See AUX‑1

	CS-3
	See ENG-3, ENG-5, & ESH-1.

	Action-1

Closed
	CDR Panel Report: Resolve annual BA funding levels for FY 2004 and beyond with the OFES Program, and adjust project cost and schedule if warranted, prior to CD-1. 

Status (June, 2002): Revised annual funding guidance was provided by OFES at the Integrated Project Team meeting of June 4, 2002, as documented in the minutes. The TEC increased to $73.5M and project completion was delayed to June, 2007, as documented in the revised Project Execution Plan.
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