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The Coolant System provides cooling water to remove heat generated from NSTX systems during experimental operations.  The systems 
include the:
• TF/PF bus and coil cooling water system;
• Center stack cooling water system;
• Component cooling water system; and the
• Ohmic heating cooling water system.
  These systems will provide cooling water for normal operations and discharge cleaning of the vacuum vessel.  This WBS includes 
engineering design, analysis, procurement activities, component fabrication and installation to the coil, bus and component cooling manifolds 
at the torus.
  
  The new Center Stack on NSTX will require modifications to the existing coolant system. This WBS element will provide water cooling 
services to the new Center Stack and ancillary equipment in the NSTX test cell.
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NSTX Upgrade Project
Subtotal 1,355 23FEB09A 23FEB09A 25JUL14 25JUL14 0 31 195,236.64 25,604.06 44,284.65

Job: 3200 - Water Cooling System Mods-DENAULT
Subtotal 1,355 23FEB09A 23FEB09A 25JUL14 25JUL14 0 31 195,236.64 25,604.06 44,284.65

3200-0015 Prelim Dsn-Design Drawings 30 03MAY10A 03MAY10A 14JUN10A 14JUN10A 0 0.00 100 0.00 0.00

3200-0016 Prelim Dsn-PDR Prep 5 15JUN10A 15JUN10A 21JUN10A 21JUN10A 0 0.00 100 0.00 0.00

3200-0017 Prelim Dsn-CONDUCT PDR 2 22JUN10A 22JUN10A 23JUN10A 23JUN10A 0 0.00 100 0.00 0.00

3200-0021 Final Design-Disposition PDR Chits 2 24JUN10A 24JUN10A 25JUN10A 25JUN10A 0 0.00 100 0.00 0.00

3200-0022 Final Design-Design Drawings 94* 03JAN11* 07FEB11A 11FEB11 17JUN11 -89 123 16,614.80 20 3,322.96 16,614.80

3200-0023 Final Design-Update Analyses 89* 14FEB11 14FEB11A 12MAY11 17JUN11 -25 123 14,035.60 25 3,508.90 12,061.85

3200-0024 Final Design-Update Cost & Schedule Estimate 84* 13MAY11 21FEB11A 26MAY11 17JUN11 -15 123 12,656.80 25 3,164.20 0.00

3200-0025 Final Design-Prep Procurement Specs 5 27MAY11 13JUN11 03JUN11 17JUN11 -10 123 6,328.40 0.00 0.00

3200-0026 Final Design-FDR Prep 10* 06JUN11 06JUN11* 10JUN11 17JUN11 -5 123 6,328.40 0.00 0.00

3200-0026A Water Cooling System - Peer review 0 18MAY11* 0 147 0.00 0.00 0.00

3200-0027 Final Design-CONDUCT FDR 3 13JUN11 22JUN11* 14JUN11 24JUN11 -8 121 2,531.36 0.00 0.00

3200-0055 Bus Work Cooling 10 11JUN14 11JUN14 24JUN14 24JUN14 0 31 34,311.60 0.00 0.00

3200-0057 Flow Sensors 5 25JUN14 25JUN14 01JUL14 01JUL14 0 31 28,304.40 0.00 0.00

3200-0059 Modify Manifold 10 02JUL14 02JUL14 16JUL14 16JUL14 0 31 34,311.60 0.00 0.00

3200-0061 Fab & Connect Lines 5 17JUL14* 17JUL14* 23JUL14 23JUL14 0 31 20,530.80 0.00 0.00

3200-0063 Leak Check 2 24JUL14 24JUL14 25JUL14 25JUL14 0 31 3,674.88 0.00 0.00

FY093000 FY09 Actual Cost 22* 23FEB09A 23FEB09A 30SEP09A 30SEP09A 0 5,447.00 100 5,447.00 5,447.00

FY103000 FY10 Actual Cost 40 01OCT09A 01OCT09A 30NOV09A 30NOV09A 0 3,956.00 100 3,956.00 3,956.00

FY103200 FY10 Actual Cost 22 01APR10A 01APR10A 30APR10A 30APR10A 0 1,301.00 100 1,301.00 1,301.00

FY103200A FY10 Actual Cost 110 03MAY10A 03MAY10A 30SEP10A 30SEP10A 0 4,904.00 100 4,904.00 4,904.00

FY11 FY12 FY13 FY14 FY15 FY16
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3200 Water Cooling System Mods (Denault) START      28FEB2009  31MAR2009  30APR2009  31MAY2009  30JUN2009  31JUL2009  31AUG2009  30SEP2009  31OCT2009  30NOV2009  31DEC2009 
BCWS 0 0 1 1 1 1 1 1 1 2 2 0

CUM BCWS 0 0 1 2 2 3 4 5 5 8 9 9

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 . . -1. -2. -2. -3. -4. -5. -5. -8. -9. -9.

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



3200 Water Cooling System Mods (Denault)
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 1 1 1 1 1 1 0 0 0

9 9 9 11 12 13 14 15 16 16 16 16

0 0 0 0 0 0 0 0 0 0 0 16

0 0 0 0 0 0 0 0 0 0 0 16

0 0 0 0 0 0 0 0 0 0 0 18

0 0 0 0 0 0 0 0 0 0 0 18

0 0 0 0 0 0 0 0 0 0 0 -2

-9. -9. -9. -11. -12. -13. -14. -15. -16. -16. -16. .

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A .89

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1



3200 Water Cooling System Mods (Denault)
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 
12 7 5 5 17 13 0 0 0 0 0 0

27 35 40 44 61 74 74 74 74 74 74 74

0 6 4 0 0 0 0 0 0 0 0 0

16 21 26 26 26 26 26 26 26 26 26 26

0 1 1 0 0 0 0 0 0 0 0 0

18 18 19 19 19 19 19 19 19 19 19 19

-2 3 7 7 7 7 7 7 7 7 7 7

-12. -13. -14. -19. -36. -48. -48. -48. -48. -48. -48. -48.

.88 1.16 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34

0.57 0.61 0.65 0.58 0.42 0.35 0.35 0.35 0.35 0.35 0.35 0.35



3200 Water Cooling System Mods (Denault)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2012  29FEB2012  31MAR2012  30APR2012  31MAY2012  30JUN2012  31JUL2012  31AUG2012  30SEP2012  31OCT2012  30NOV2012  31DEC2012 
0 0 0 0 0 0 0 0 0 0 0 0

74 74 74 74 74 74 74 74 74 74 74 74

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

26 26 26 26 26 26 26 26 26 26 26 26

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

19 19 19 19 19 19 19 19 19 19 19 19

7 7 7 7 7 7 7 7 7 7 7 7

-48. -48. -48. -48. -48. -48. -48. -48. -48. -48. -48. -48.

1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34

0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35



3200 Water Cooling System Mods (Denault)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2013  28FEB2013  31MAR2013  30APR2013  31MAY2013  30JUN2013  31JUL2013  31AUG2013  30SEP2013  31OCT2013  30NOV2013  31DEC2013 
0 0 0 0 0 0 0 0 0 0 0 0

74 74 74 74 74 74 74 74 74 74 74 74

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

26 26 26 26 26 26 26 26 26 26 26 26

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

19 19 19 19 19 19 19 19 19 19 19 19

7 7 7 7 7 7 7 7 7 7 7 7

-48. -48. -48. -48. -48. -48. -48. -48. -48. -48. -48. -48.

1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34

0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35



3200 Water Cooling System Mods (Denault)
BCWS

CUM BCWS

BCWP

CUM BCWP

ACWP

CUM ACWP

CV

SV

CPI

SPI

31JAN2014  28FEB2014  31MAR2014  30APR2014  31MAY2014  30JUN2014  31JUL2014  31AUG2014  30SEP2014  31OCT2014  30NOV2014  31DEC2014 
0 0 0 0 0 57 64 0 0 0 0 0

74 74 74 74 74 131 195 195 195 195 195 195

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

26 26 26 26 26 26 26 26 26 26 26 26

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

19 19 19 19 19 19 19 19 19 19 19 19

7 7 7 7 7 7 7 7 7 7 7 7

-48. -48. -48. -48. -48. -105. -170. -170. -170. -170. -170. -170.

1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 1.34

0.35 0.35 0.35 0.35 0.35 0.2 0.13 0.13 0.13 0.13 0.13 0.13



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 - 11 
NSTX-PLAN-PEP-DRAFT   November 25, 2009 

• Evacuate the spent plasma constituents at the end of each pulse 
prior to the next plasma pulse; 

• Remove impurities liberated during bakeout and/or discharge 
cleaning of the vacuum vessel interior; and 

• Provide instrumentation and a Residual Gas Analyzer. 
 
This WBS element also includes the controllers for all pumps and any 
baffles for backstreaming.   
 
In order to accommodate the installation of the 2nd NBI on NSTX the 
existing Vacuum Pumping System will be modified. This WBS element 
includes the design, fabrication, and installation of a new vessel pumping 
system and includes new pump ducts off of the Neutral Beamline 2 duct, 
mechanical and electrical isolation of the system, vacuum diagnostic 
relocation, magnetic shielding and support of TVPS TMPs, and TMP 
service connections. 
{NSTX NB2 TVPS (Job 2485)} 
 

WBS Element: 1.3.2    WBS Level: 3 
WBS Title: Coolant Systems  
Definition: The Coolant System provides cooling water to remove heat generated 

from NSTX systems during experimental operations.  The systems include 
the: 

• TF/PF bus and coil cooling water system; 
• Center stack cooling water system; 
• Component cooling water system; and the 
• Ohmic heating cooling water system. 

  These systems will provide cooling water for normal operations and 
discharge cleaning of the vacuum vessel.  This WBS includes engineering 
design, analysis, procurement activities, component fabrication and 
installation to the coil, bus and component cooling manifolds at the torus. 

   
  The new Center Stack on NSTX will require modifications to the existing 

coolant system. This WBS element will provide water cooling services to 
the new Center Stack and ancillary equipment in the NSTX test cell. 
{Water System Coolant Modifications for CSU (Job 3200)} 

 
 WBS Element: 1.3.3    WBS Level: 3 
WBS Title: Bakeout Heating System  
Definition: The Bakeout Heating System provides a heating system to bake out the 

vacuum vessel. It includes a heating blanket system for the vacuum vessel 
and the insulation for that system.  It includes a supplementary heating 
system for the center stack coil subsystems.  The controls and interlocks 
for safe operation of this system is included. This WBS element includes 
the engineering design, analysis, procurement activities and component 
fabrication. 
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Water Coolant Systems Modifications for CSU 
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skills If known 
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Estimate 

~ 
11 Procurement lead time: W,i!eks 1---+------'f---11 • National Standards 
Purchase orders-Commercial, off-the-shelf items 3 1---+--f---12 . Engineering JudgementlExperience 
Purchase orders-Noncommercial items 5 1---+_--+_-13. EstlmatesJData from External Sources (e.g., W7X, ATF, etc.) 

Subcontracts (non construction) 8 1---+---11-- 4· Previous PPPLIORNL Experielnce (e.g., TFTR, NSTX, PLT, etc.) 

Construction subcontracts 9 1---+_--+_-15 . Prototype DatalTest Results 
1---+_--+_-16 . Catelogue PrlceNendor Quote 

7 • Placed Contracts 
1---+--+----fS . Actual experience for NCSX Work 

9· Other 
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-15% +25% 
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High -5% +10% -10% +15% -15% +25% 
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Hiah 
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Cost Cel.-..r: 19417 

Job Number: 13200 

Job Title: I IWater Coolant Systems Modifications for CSU 
Job Manager: IMartin Denault 

.•.. ::'I:~~,{\,:;:~j:/;2~D;:'C: :::J2F:~J:~r':'''~''~TI2i:{:,::< ;-. I,: ~I ';' ;-';~~'-fl:,~:,:~",~ .;~~ ",;,;:::; .! ,:-~'~'. >;';:' .-:-;:-:: ,.~ :':;.",>:.'~ ~( ','\~"~ ,: .. "Y~':" """ ':t'·:·; ':~"'r 
Uncertainty of the Estimate I I I I I I I 

Uncertainty 
Ranae(%)High Medium Comments/Other Considerations LowI 

Design Maturity x 
T 

Design Complexity I I I X 

,::~r~:;"'\':'~;-; ;:'~~~., ';' ~~.. r~-r:~',7:.~:;:;:,.. ~7\~:;;~~;:· :};:" t·~~7};;:'.f~~~"~~:;.?~ '"s',: ","" .) -;", r.:·';:~'f>;k.,::q:;:'1:;t:';';:fJ.' ''1"' -:~'~7.'"~;;;'\~"": ;!i.:"f'~~,:,:~~.,!,>-':'·~. "~:~·'Y"7;;:.'.·:::"L"':J .~",,' :\.1,,, :: :<;~;~'''. X"'" ,~~?:;;,,-;,,,ri 
,~., 'I ' ,~'ff!:'''·'''rll1'''''oA''Ai''r""..lf<:'.W'' T\.'1·.i,;Jt"'::"*';'<1·4,:.h'-:;;t!):yr;.~;!'!I'i'~ 1·:'.' 1.:1;"" ~"ll ., :,. '," """~" ,',

ResiduallmDacts , I I 
I I 1 I I Cost Impact ISchedule Impact 

Likelihood of 
I 

Low I High 
Risk Description Occurring Mitigation Pia!" I Basis of estimate ILow ($K) IHigh ($K) I (weeks) (Weeks) 

1 

2 

3 

4 

5 

I I I I I I 1 
Notes: I I 1 I I I I - I' 
Ii1) ICost Impacts should NOT include standing armY costs which are seDarately calculated from the schedule ImDact 
If2) IThe schedule Impacts should be entered as the min and max impacts onthe crltlcafpathJ 

If there Is no critical path Impact then the schedule entries should be zero. T I . 
[(3) ILikelihood of occurrence sh,ould beente.red cQ.nsls~nf\lVithoUf,riskclassification methodologY, I.e. 

VL= Very Likely (P>SO%). L=Llkely (SOO/O>P>40%). U=Unllkley (400/0>P>100/0). VU=Verv Unlikely (P<fij%)~NC=Non·credlbie(P<1%) 
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9417Cost Center: jJob Number: 3200 

Job Title: Water «:oolant Syste~s Modifications for CSU 
Job Manager: Martin Denault 

l 
Basis of Estimate Materials and Subcontracts (M&S) 

Description: 
Pipe Vendor Pricing 
Parts Vendor Pricing 
MISC Experience 

CATEGORIZATION CODES: 
1 - National Standards 
2 - Engineering Judgement/Experience 
3 - Estimates/Data from External Sources (e.g., W7X, ATF, etc.) 
4 - Previous PPPUORNL Experieince (e.g., TFTR, NSTX, PLT, etc.) 
5 - Prototype DatalTest Results 
6 - Catelogue PriceIVendor Quote 
7 - Placed Contracts 
8 - Actual experience for NCSX Work 
9 - Other 

I 
I TOTALS 
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