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A. LN2 Supply: 9450-1***-621
Scope
This WBS element covers design, fabrication and installation of a system that transfers liquid nitrogen from the external LN2 storage tank to the NCSX device.
The scope of this job involves sizing and installing a liquid transfer line from the existing LN2 Storage tank to the NCSX test cell.  This transfer line shall supply LN2 to the Cryostat Cooldown System (WBS 623) and to the LN2 coil services supply system (WBS622).

This scope of work should be performed after WBS elements 161, 622 and 623 are defined since these elements determine the requirements for WBS 621
Status
This scope was assigned to Bagley associates, who were also performing WBS 622 and 623.  Bagley Associated did not have the opportunity to further develop this scope prior to cancellation.
Interfaces
WBS 621 interfaces with the existing LN2 Storage tank, to the Cryostat Cooldown System (WBS 623) and to the LN2 coil services supply system (WBS622).  
Specifications

 Not started.
Schematics and PIDs

Simplified representations are shown in design review presentation packages
Models 
N/A
Drawings
No detailed drawings were generated
Analyses

N/A
Testing
N/A

Costs
A cost estimate at the conceptual level is available through the project office
Remaining Work
· Determine the flow and volume requirements.
· Design system
· Purchase components 
· Fabricate & Install
Lessons Learned:  
· N/A
Conclusion:  
· This is a very straightforward and simple effort.  The major decisions of this job involve cost/benefit in selecting materials for the transfer line.  Copper components with fiberglass insulation (cheaper initially, higher operating and maintenance costs)  vs. vacuum jacketed components (more expensive but more reliable)
· Although out of scope, the size of the existing LN2 storage tank, and its required refill rate (for NCSX LN2 peak consumption) should be looked at.  Will this tank sufficiently support operations (including an off-normal loss of coolant), or should a second (or larger) tank be acquired.
B. LN2 Pressurized Cooling for Coils: 9450-1***-622

Scope

This element covers design, fabrication and installation of a pressurized, closed-loop LN2 delivery system for the removal of heat from coil system during plasma operations.

This scope of work should be performed after WBS elements 161 is defined since this element determines the requirements for WBS622

Status

This scope was assigned to Bagley associates, who were also performing WBS 622 and 623.   Bagley associates did not have the opportunity to further develop this design beyond the work that PPPL had accomplished.
Interfaces

WBS622 interfaces with the LN2 delivery system (WBS621), and to the coil services system (WBS161) 

Specifications

Not Started.
Schematics and PIDs

Simplified representations are shown in design review presentation packages
Models 

N/A
Drawings

No detailed drawings were generated
Analyses

N/A

Testing
N/A

Costs

A cost estimate at the conceptual level is available through the project office
Remaining Work
· Determine final flow, pressure and volume requirements.

· Design system

· Purchase components 
· Fabricate & Install
Lessons Learned:  
· N/A
Conclusion:  
· A small version of this system was designed and operated for NCSX coil testing thus validating the design philosophy.  When coil cooling requirements are finalized, a scaled up version of the test facility system can be designed.  Experience gathered from operating the test coil cooling loop will be factored into the design of the full scale system.
C. LN2 Cooling of the NCSX Structure: 9450-1***-623

Scope

This element covers design, fabrication and installation of a system that cools the NCSX device to ~77 Kelvin.  This includes all components within the cryostat.

Status

This scope was assigned to Bagley associates, who were also performing WBS 621 and 621.   Bagley associates performed analysis on a couple of potential techniques.  A Final Report was issued that details their work up until the project (and their contract) were terminated).

Interfaces

WBS623 interfaces with the LN2 delivery system (WBS621) and the cryostat (WBS17).  Since the NCSX device is contained in the cryostat and is (partially) cooled by this system, heat loads generated by machine operations a design input.

Specifications

GRD 
Schematics and PIDs

Simplified representations are shown in design review presentation packages
Models 

N/A

Drawings

No detailed drawings were generated
Analyses

Both Bagley associates and ORNL performed modeling of various cooldown schemes for the NCSX.

Testing
N/A
Costs

A cost estimate at the conceptual level is available through the project office. 
Remaining Work
· Complete FEA modeling of cooling options

· Design system

· Purchase components 
· Fabricate & Install
Lessons Learned:  
· N/A
Conclusion:  
· Bagley Associates were pursuing a conductive, point-contact method of heat removal.  A Final Report contains relevant data (See attached)
· The ORNL team performed analysis of modular coil shell cooling using conduction from the LN2-cooled Modular Coil Windings to their winding form (copy attached to this report).  The results were encouraging, however this concept relies on strong thermal contact between the windings and the winding form which may not be assured during the cooldown phase as temperature differentials peak.  It is recommended that full scale testing be performed to validate the analysis of this method.
D. Overall Status
Reviews:  

· In mid-March 2007, a preliminary design review of both the cryogenics and cryostat was conducted. The design presented at this review was subsequently revisited. A copy of the material presented at this review is posted on the NCSX Engineering Web under the Design Review tab (marked as superceded).

· A peer review of the cryogenic systems was conducted in late April 2008 with a team of cryogenic systems experts.  This is posted on the NCSX Engineering Web page under the Design Review tab.  The concept presented at this peer review reflects the current design concepts at the time of NCSX Project termination.
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