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The plasma facing components (PFCs) include all the systems and related elements that serve to protect the vacuum vessel from the charged
particles and radiation flux from the plasma. These include the plasma facing tiles and mounting components, passive stabilizers, inner wall 
protection, divertor area strike plates, and local I&C. This element consists of the engineering design, analysis, procurement activities and 
component fabrication.

The NSTX Upgrade Project will require new PFCs on the new Center Stack Casing (CSC) and the new Inboard divertor (IBD). This WBS 
element includes the design and analysis for both the CS and IBD PFCs, design modifications to the PFC tiles to accommodate surface 
diagnostics, including design of the tile mounting schemes and routing plans for diagnostic wires, generation of required documentation such 
as checked calculations, specifications and procedures, the procurement and installation of all PFC tiles and hardware on the CSC and IBD.
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NSTX Upgrade Project
Subtotal 1,182 23FEB09A 23FEB09A 25NOV13 08NOV13 11 1,706 2,169,095.88 607,780.69 670,087.66

Job: 1001 - CS Plasma Facing Components-TRESEMER
Subtotal 1,182 23FEB09A 23FEB09A 25NOV13 08NOV13 11 1,706 2,169,095.88 607,780.69 670,087.66

Design
1001-0021 NDA, Export Control Issues 146* 03MAY10A 03MAY10A 29NOV10 29OCT10A 19 7,256.97 100 7,342.02 7,342.02

1001-0029 PDR Prep 36 03MAY10A 03MAY10A 22JUN10A 22JUN10A 0 0.00 100 0.00 0.00

1001-0030 CONDUCT PDR 2 23JUN10A 23JUN10A 24JUN10A 24JUN10A 0 0.00 100 0.00 0.00

1001-0031 Receipt of Material data 110* 23JUN10A 23JUN10A 29NOV10 29OCT10A 19 292.33 100 296.49 296.49

1001-0031A Processing of Material data 5 30NOV10 01NOV10A 06DEC10 05NOV10A 19 316.42 100 316.42 316.42

1001-0032 Order Samples for testing (6 wks lead) 149* 23JUN10A 23JUN10A 28FEB11 31JAN11A 20 19,543.06 100 19,616.75 19,616.75

1001-0034 PDR chit resolution 60* 25JUN10A 25JUN10A 20SEP10A 20SEP10A 0 0.00 100 0.00 0.00

1001-0035 Update WAF for Lehman Review (prep) 30 25JUN10A 25JUN10A 06AUG10A 06AUG10A 0 0.00 100 0.00 0.00

1001-0036 Generic Tile Qualitfication Program 61* 25JUN10A 25JUN10A 21SEP10A 21SEP10A 0 0.00 100 0.00 0.00

1001-0037 Lehman Review 2 10AUG10A 10AUG10A 11AUG10A 11AUG10A 0 0.00 100 0.00 0.00

1001-0038A Fastener Mock-up 77* 02SEP10A 02SEP10A 06DEC10 22DEC10A -12 45,622.41 100 45,436.17 45,436.17

1001-0039 Disruption Forces - Final Tile Analysis 75* 12AUG10A 12AUG10A 29NOV10 29OCT10A 19 20,651.65 100 21,008.28 21,008.28

1001-0040 Thermal system - Final Tile Analysis 52* 18OCT10* 18OCT10A 30NOV10 07JAN11A -22 26,630.60 100 26,630.60 26,630.60

1001-0041 Fastener Scheme - Final Tile Analysis 125* 14JAN11* 16DEC10A 25FEB11 17JUN11 -79 135 37,473.80 85 31,852.73 37,473.80

1001-0043 Part  re-design 61* 28FEB11 24FEB11A 25MAR11 19MAY11 -39 135 21,264.00 60 12,758.40 21,264.00

1001-0044 Tile adjustments/Drawings 41* 28MAR11 24MAR11A 15APR11 19MAY11 -24 178 10,885.28 60 6,531.17 10,885.28

1001-0045 Fastener Prototype 97* 25MAR11* 15FEB11A 27MAY11 30JUN11 -23 135 48,489.24 15 7,273.39 27,406.96

1001-0046 Testing 20 31MAY11 01JUL11 27JUN11 29JUL11 -23 135 16,651.50 0.00 0.00

1001-0048 Mechanical - Material Testing 59* 01MAR11* 20DEC10A 28MAR11 18MAR11A 6 20,132.30 100 20,132.30 20,132.30

1001-0049 Thermal - Material Testing 53* 01MAR11 20DEC10A 21MAR11 10MAR11A 7 12,999.70 100 12,999.70 12,999.70
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1001-0050 Review Data - Material Testing 10 22MAR11 16MAY11* 04APR11 27MAY11 -39 123 6,328.40 0.00 6,328.40

1001-0053 Make Material Choices 10 05APR11* 31MAY11 18APR11 13JUN11 -39 127 6,328.40 0.00 6,328.40

1001-0054 Finalize Designs/Drawings 45 28JUN11* 01AUG11 30AUG11 03OCT11 -23 135 50,734.78 0.00 0.00

1001-0055 Drawings (Assem/Installation) 287* 11OCT10* 01NOV10A 21DEC11 23DEC11 -2 369 195,023.02 40 77,899.95 88,935.77

1001-0056 Prep Procurement Specs 15 31AUG11 04OCT11 21SEP11 24OCT11 -23 135 5,204.70 0.00 0.00

1001-0056A CS Plasma Facing Components Peer Review 0 18MAY11* 0 2,326 0.00 0.00 0.00

1001-0057 FDR Prep 24 13MAY11* 16MAY11 10JUN11 17JUN11 -5 123 34,174.08 0.00 0.00

1001-0058 CONDUCT FDR 3 13JUN11 22JUN11* 14JUN11 24JUN11 -8 121 7,612.80 0.00 0.00

Procure, Fab & Assembly
1001-0062 Prep Req & Proc Package - Tiles (CFC) 9 03OCT11* 25OCT11* 13OCT11 04NOV11 -16 135 6,939.60 0.00 0.00

1001-0063 Submit Req. to Procurement - Tiles (CFC) 2 14OCT11 07NOV11 17OCT11 08NOV11 -16 135 693.96 0.00 0.00

1001-0064 Bid & Award (Procurement Lead Time - Tiles
(CFC)

40 18OCT11 09NOV11 14DEC11 13JAN12 -16 135 5,551.68 0.00 0.00

1001-0065 Award - Tiles (CFC) 1 14DEC11* 13JAN12* 14DEC11 13JAN12 -16 135 0.00 0.00 0.00

1001-0066 Fabricate and Deliver - CFC Material 160 15DEC11 16JAN12 06AUG12 28AUG12 -16 135 432,818.40 0.00 0.00

1001-0066B Prep Req & Proc Package - Machine Tiles
(CFC)

10 04JUN12 04JUN12 15JUN12 15JUN12 0 98 6,049.80 0.00 0.00

1001-0066C Submit Req. to Procurement - Machine Tiles
(CFC)

2 31JUL12 31JUL12 01AUG12 01AUG12 0 113 693.96 0.00 0.00

1001-0066D Bid & Award (Proc Lead Time - Machine
Tiles(CFC)

39 02AUG12 02AUG12 26SEP12 26SEP12 0 113 5,551.68 0.00 0.00

1001-0066E Award - Machine Tiles (CFC) 2 27SEP12 27SEP12 28SEP12 28SEP12 0 113 0.00 0.00 0.00

1001-0066F Fabricate/Machine tiles + diagnostics 85 01OCT12* 01OCT12* 07FEB13 07FEB13 0 113 321,316.90 0.00 0.00

1001-0069 Tile Bakeout 40 08FEB13 08FEB13 04APR13 04APR13 0 113 66,000.00 0.00 0.00

1001-0071 Prep Req & Proc Package - hardware, other
materl

10 18JUN12* 18JUN12* 29JUN12 29JUN12 0 98 6,049.80 0.00 0.00

1001-0072 Submit Req. to Procurement - hardware, other
mat

2 02JUL12 02JUL12 03JUL12 03JUL12 0 98 693.96 0.00 0.00

1001-0073 Procurement Lead Time - hardware, other
material

40 05JUL12 05JUL12 29AUG12 29AUG12 0 98 5,551.68 0.00 0.00

1001-0074 Award - hardware, other materials 1 30AUG12 30AUG12 30AUG12 30AUG12 0 98 0.00 0.00 0.00

1001-0075 Fabricate and Deliver - hardware, other
material

160 31AUG12 31AUG12 25APR13 25APR13 0 98 282,951.30 0.00 0.00

1001-0078 Fab/Assembly Procedures 30 08JUL13 19JUN13 16AUG13 01AUG13 11 1 21,256.80 0.00 0.00

1001-0079 Tile Assembly with Hardware 40 01OCT13* 16SEP13* 25NOV13 08NOV13 11 1 39,949.48 0.00 0.00

1001-0082 Installation Procedure 30 19AUG13 02AUG13 30SEP13 13SEP13 11 1 21,256.80 0.00 0.00

1001-0083 Tile Re-fit, as needed, additional machining 30 01OCT13* 16SEP13* 11NOV13 25OCT13 11 1 34,468.32 0.00 0.00
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FY091001 FY09 Actual Cost 22 23FEB09A 23FEB09A 30SEP09A 30SEP09A 0 64,576.00 100 64,576.00 64,576.00

FY101001 FY10 Actual Cost 100* 01DEC09A 01DEC09A 30APR10A 30APR10A 0 103,885.00 100 103,885.00 103,885.00

FY101001A FY10 Actual Cost 130 01APR10A 01APR10A 30SEP10A 30SEP10A 0 99,233.32 100 99,233.32 99,233.32

FY101110 FY10 Actual Cost 85 01OCT09A 01OCT09A 31JAN10A 31JAN10A 0 49,992.00 100 49,992.00 49,992.00

FY11 FY12 FY13 FY14 FY15 FY16

81=90477
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1001 CS Plasma Facing Components (Tresemer) START      28FEB2009  31MAR2009  30APR2009  31MAY2009  30JUN2009  31JUL2009  31AUG2009  30SEP2009  31OCT2009  30NOV2009  31DEC2009 
BCWS 0 2 9 9 8 9 9 9 9 14 12 28

CUM BCWS 0 2 11 20 29 38 47 56 65 79 91 119

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 . -2. -11. -20. -29. -38. -47. -56. -65. -79. -91. -119.

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



1001 CS Plasma Facing Components (Tresemer)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

31JAN2010  28FEB2010  31MAR2010  30APR2010  31MAY2010  30JUN2010  31JUL2010  31AUG2010  30SEP2010  31OCT2010  30NOV2010  31DEC2010 
33 20 23 39 16 19 20 24 38 43 54 16

152 173 196 236 252 271 291 315 353 397 450 466

0 0 0 0 0 0 0 0 0 0 0 456

0 0 0 0 0 0 0 0 0 0 0 456

0 0 0 0 0 0 0 0 0 0 0 431

0 0 0 0 0 0 0 0 0 0 0 431

0 0 0 0 0 0 0 0 0 0 0 25

-152. -173. -196. -236. -252. -271. -291. -315. -353. -397. -450. -10.

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.06



1001 CS Plasma Facing Components (Tresemer)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

31JAN2011  28FEB2011  31MAR2011  30APR2011  31MAY2011  30JUN2011  31JUL2011  31AUG2011  30SEP2011  31OCT2011  30NOV2011  31DEC2011 
30 39 81 51 56 54 36 39 18 23 18 43

496 535 616 667 723 777 814 853 871 894 912 955

12 28 42 69 0 0 0 0 0 0 0 0

468 495 537 606 606 606 606 606 606 606 606 606

19 27 36 25 0 0 0 0 0 0 0 0

450 477 512 537 537 537 537 537 537 537 537 537

18 19 25 69 69 69 69 69 69 69 69 69

-29. -40. -80. -61. -117. -171. -207. -246. -265. -288. -306. -349.

1.04 1.04 1.05 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13



1001 CS Plasma Facing Components (Tresemer)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

31JAN2012  29FEB2012  31MAR2012  30APR2012  31MAY2012  30JUN2012  31JUL2012  31AUG2012  30SEP2012  31OCT2012  30NOV2012  31DEC2012 
57 54 57 54 59 66 60 18 35 117 112 107

1,012 1,066 1,122 1,177 1,236 1,302 1,362 1,381 1,416 1,533 1,645 1,751

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

606 606 606 606 606 606 606 606 606 606 606 606

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

537 537 537 537 537 537 537 537 537 537 537 537

69 69 69 69 69 69 69 69 69 69 69 69

-405. -459. -516. -570. -629. -696. -756. -774. -809. -926. -1038. -1145.

1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13



1001 CS Plasma Facing Components (Tresemer)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

31JAN2013  28FEB2013  31MAR2013  30APR2013  31MAY2013  30JUN2013  31JUL2013  31AUG2013  30SEP2013  31OCT2013  30NOV2013  31DEC2013 
117 75 70 38 0 0 13 15 14 50 25 0

1,869 1,944 2,013 2,052 2,052 2,052 2,064 2,080 2,094 2,144 2,169 2,169

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

606 606 606 606 606 606 606 606 606 606 606 606

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

537 537 537 537 537 537 537 537 537 537 537 537

69 69 69 69 69 69 69 69 69 69 69 69

-1262. -1337. -1407. -1445. -1445. -1445. -1458. -1473. -1488. -1538. -1563. -1563.

1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13 1.13



Annex I – WBS Dictionary  

 Annex I - 1 
NSTX-PLAN-PEP-DRAFT   November 25, 2009 

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 



Annex I – WBS Dictionary  

 Annex I - 3 
NSTX-PLAN-PEP-DRAFT   November 25, 2009 

protection, divertor area strike plates, and local I&C. This element 
consists of the engineering design, analysis, procurement activities and 
component fabrication. 

 
The NSTX Upgrade Project will require new PFCs on the new Center 
Stack Casing (CSC) and the new Inboard divertor (IBD). This WBS 
element includes the design and analysis for both the CS and IBD PFCs, 
design modifications to the PFC tiles to accommodate surface diagnostics, 
including design of the tile mounting schemes and routing plans for 
diagnostic wires, generation of required documentation such as checked 
calculations, specifications and procedures, the procurement and 
installation of all PFC tiles and hardware on the CSC and IBD. 
{Center Stack Upgrade (CSU) PFCs (Job 1001)} 
 
In addition the NSTX Upgrade will require analysis of the passive plates 
for disruption and thermal loads. CDR level calculations were performed 
that addressed one of five disruptions. The remaining identified 
disruptions are to be completed during Preliminary Design. During Final 
design, analysis updates are expected as a result of preliminary design 
evolution. Modest hardware upgrades are anticipated are anticipated as 
part of this task. Additions of accelerometers or other diagnostics to 
benchmark calculations with actual performance in NSTX are also 
anticipated. This analysis effort is included in this WBS element. 
{Passive Plate Analysis and Upgrade Activity (Job 1002)} 
 
With the exception of the modifications identified above, no additional 
modifications to the PFCs are anticipated. 
 

WBS Element: 1.1.2    WBS Level: 3 
WBS Title: Vacuum Vessel and Support Structure 
Definition: The vacuum vessel & support structure (VVSS) consists of the vacuum 

chamber, not including the PFCs, all ports and vacuum boundary closures 
and the torus support structure which provides the overall supporting 
mechanism for the torus components to the test cell floor.  This WBS 
element includes the engineering design, analysis, procurement activities 
and component fabrication.  

 
The NSTX Upgrade Project will require that the existing VVSS be 
modified to accommodate the new center stack structure, including the 
umbrella structure and the new center stack support structure. This WBS 
element includes the analytical and CAD design of the support structures 
associated with the Magnet upgrade activities. The scope includes; the 
Vacuum Vessel & Structural Support, the Outer TF Structures, the Outer 
PF Coil Structures, the Umbrella Structural Reinforcement, the CS 
Support Pedestal and miscellaneous Vacuum Vessel Structural Supports. 
It also includes the procurement and fabrication of these structures, but 
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