Work Authorization Document
NSTX Upgrade Project

Control 1306 |Title: Inner PF Coils

Account #:

WBS 1.1.8 Title: Magnet Systems

Period of Performance: 01 December 2009 through 22 April 2013

Authorized Budget: $669 Control Account Manager: Chrzanowski
Revision #: 0 Revision Date: July-11

Authorized Work Description:

The inner poloidal/shaping coils subsystem consists of the new coils that will make up the poloidal field coils 1A, 1B and 1C. This WBS
element includes the design, analysis, prototypes (as required), procurement activities and fabrication.

For the NSTX Upgrade three new sets of inner poloidal field coils will be installed. This WBS element include the design and procurement of
the Inner poloidal field coils and supports which includes all analytical and CAD design efforts for these components. It includes the early
procurement of the PF conductor and co-wound [Glass/Kapton] insulation.

Attachments:
1- A detailed Control Account schedule showing all work packages and planning packages.
2- Budgeted Cost by month.
3- Original Work Authorization Form (WAF)

4- WBS Dictionary sheet that defines the scope of work for this WBS element.

Control Account History

Implement

ECP# Date

Prior Budget New Budget Signature

Approvals Name Signature Date

NSTX-U Project Manager R. Strykowsky

Control Account Manager Chrzanowski

Functional Manager P. Heitzenroeder




Activity Activity Work BASELINE Forecast BASELINE Forecast | Schedule| Total Budgeted PPCT Earned value | Planned value
ID Description Days START Start FINISH Finish  |Slip (Days) Float Cost cost (BCWP) | cost (BCWS) i ‘FHY‘JL‘l‘ i \FHYHl\Z\ i } i \FHYHl\sH i ‘F‘\‘(Hlm ‘} ‘ HF‘\‘(Hlﬁ ‘ ‘} ‘ HFHYHl\GH ‘
NSTX Upgrade Project
Subtotal p g J 844/01DECO9A |01DECO9A 22APR13  |22APR13 o] 90 668,383.28 152,390.20 175,215.41*E‘E
Job: 1306 - Inner PF Coils-CHRZANOWSKI
Subtotal 844/|01DECO9A |01DECO9A 22APR13  |22APR13 o] 90 668,383.28 152,390.20| 17521541 e
1306-1010  |Complete Inner PF Coil Analysis 155*01DEC10* |040CT10A 12JAN11  |18MAY11 90| 132 15,308.00|70 | 10,715.60 15,308.00) [EC =100 -
1306-1020  |PF Lead & Flag Analysis 200%30JUL10A |30JUL10A 12JANI1  [18MAY11 90| 132 9,358.2585 8,260.72 9,718.49 EC =60
1306-1030  |Fatigue Assessment & DCPS 63*13JAN11  |21FEB11A 02FEB11  |18MAY11 75| 132 9,184.80 50 4,592.40 9,184.80 EC =60
1306-1040  |Calculation Write/Check/File 15|03FEB11  |19MAY11 23FEB11  |09JUN11 75| 132 9,184.80 0.00 9,184.80 EC =60 -
1306-1040A |Modeling for Inner PF 63+ 03MAY10A |03MAY10A 31AUG10A |31AUG10A 0 0.00|100 0.00 0.00
1306-1050 mr:rpllngD Detail and Assembly Dwgs for 136*23AUG10A |23AUG10A 28FEB11  |11MAR11A -9 51,115.51|100 | 51,055.48 51,055.48| B =416 201000 -
1306-1055 Inner PF Bundle - Peer review 0 18MAY11* 0| 126 0.00 0.00 0.00
1306-1060  |Prepare for FDR 21*01IMAR11 |19MAY11 14MARI1  |17JUN11 68| 126 2.997.84 0.00 2,997.84 ISB =24 -
1306-2010  |Generate SOW for Inner PF Conductor 10/100CT11* |100CT11* 210CT11  [210CT11 o] 156 0.00 0.00 0.00 |
1306-2020  |Prep Spec for Inner PF Conductor 5|240CT11  [240CT11 280CT11  [280CT11 o] 156 0.00 0.00 0.00 ‘
1306-2030  |Bid/Award - Inner PF Conductor 30/310CT11  [310CT11 13DEC11  |13DEC11 o] 156 0.00 0.00 0.00 ¥
1306-2050  |Fab & Deliver Inner PF Conductor 70|14DEC11  |14DEC11 28MAR12  [28MAR12 o] 156 59,856.00 0.00 0.00 B=41-46,400 -
1306-3010  |Prep Req for Kapton/Glass Insulation 10/030CT11* |030CT11* 140CT11  |140CT11 o| 186 0.00 0.00 0.00 "
1306-3020  |Bid/Award Kapton/Glass Insulation 30/170CT11  [170CT11 29NOV11  [29NOVi1 o| 186 1,380.64 0.00 0.00 HEM/SM =08
1306-3030  |Fab & Deliver Kapton/Glass Insulation 50|30NOV11  [30NOV11 15FEB12  |15FEB12 o| 186 28,906.44 0.00 0.00 W41-20000 :EMISM =18 -
1306-4010  |Prep SOW for SS Supp for PF1A/B Coils 20/030CT11* [030CT11* 280CT11  [280CT11 o] 146 0.00 0.00 0.00 ’
1306-4020  |Bid/Award SS Supp for PF1A/B 30/310CT11  [310CT11 13DEC11  |13DEC11 o] 146 0.00 0.00 0.00 ¥
1306-4030  |Fab & Deliver SS Supp for PF1A/B 80|14DEC11 |14DEC11 11APR12  |11APR12 o] 146 138,483.20 0.00 0.00 Ezéllvlzﬂlé)&ooodfo :35=2,000
1306-5010  |Generate SOW & Spec for Inner PF Coil Fab 15/02APR12* |02APR12* 20APR12  |20APR12 o/ 104 0.00 0.00 0.00 i
1306-5020  |Prep Req for Inner PF Fabrication 5|23APR12  [23APR12 27APR12  |27APR12 o/ 104 0.00 0.00 0.00 ‘
1306-5030  |Bid/Award Inner PF Fabrication 30|30APR12 |30APR12 11JUNI2  |11JUN12 o| 104 0.00 0.00 0.00 o
1306-5050  |Fab & Deliver Inner PF Coils 200/02JUL12*  |02JUL12* 22APR13  |22APR13 o] 90 264,841.80 0.00 0.00 Elgé,l\;/ LSS&'OO(;QO; 35=6,000
Data Date 30APR11(1105 NSTX UPGRADES Sheet 1 of 2 [ | Early Bar
Run Date 20MAY11 10:51 RESOURCE LOADED SCHEDULE

© Primavera Systems, Inc.

CD-2 Schedule
April 2011

I Progress Bar
I Critical Activity




Activity Activity Work BASELINE Forecast BASELINE Forecast | Schedule| Total Budgeted PPCT Earned value | Planned value
ID Description Days START Start FINISH Finish  |Slip (Days) Float Cost cost (BCWP) | cost (BCWS) H\FHY\l\l\H Hm\l\z\\\}\\m\lﬁ\\ \HF\T\MH}H\F\\\(Hlﬁ\\}\\ﬁmﬁ\\
FY101306  FY10 Actual Cost 100 01DECO9A |01DECO09A 30APR10A 30APR10A 0 57,253.00 100 57,253.00 57,253.00
FY101306A  |FY10 Actual Cost 110|03MAY10A |03MAY10A ‘SOSEPIOA 30SEP10A 0 20,513.00100 | 20,513.00 20,513.0081_4 277

Sheet 2 of 2



1306 Inner PF Coils (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
Ccv
SV

START  28FEB2009 31MAR2009 30APR2009 31MAY2009 30JUN2009 31JUL2009 31AUG2009 30SEP2009 310CT2009 30NOV2009 31DEC2009
0 0 0 0 0 0 0 0 0 0 0 10
0 0 0 0 0 0 0 0 0 0 0 10
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
. . . . . . . . . . . -10.

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A




1306 Inner PF Coils (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2010 28FEB2010 31MAR2010 30APR2010 31MAY2010 30JUN2010 31JUL2010 31AUG2010 30SEP2010 310CT2010 30NOV2010 31DEC2010
11 11 13 12 4 4 4 9 14 10 10 19
21 32 45 57 61 65 70 78 92 103 113 131
0 0 0 0 0 0 0 0 0 0 0 146
0 0 0 0 0 0 0 0 0 0 0 146
0 0 0 0 0 0 0 0 0 0 0 126
0 0 0 0 0 0 0 0 0 0 0 126
0 0 0 0 0 0 0 0 0 0 0 20
21, -32. -45, -57. -61. -65. -70. -78. -92. -103. -113. 15.
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.16
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.11




1306 Inner PF Coils (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2011 28FEB2011 31MAR2011 30APR2011 31MAY2011 30JUN2011 31JUL2011 31AUG2011 30SEP2011 310CT2011 30NOV2011 31DEC2011
22 19 3 0 0 0 0 0 0 0 1 43
153 172 175 175 175 175 175 175 175 175 177 219
3 2 6 -4 0 0 0 0 0 0 0 0
148 150 156 152 152 152 152 152 152 152 152 152
4 5 27 22 0 0 0 0 0 0 0 0
130 135 161 183 183 183 183 183 183 183 183 183
19 16 -5 -31 -31 -31 -31 -31 -31 -31 -31 -31
-5. -22. -19. -23. -23. -23. -23. -23. -23. -23. -25. -67.
1.14 1.12 .97 .83 .83 .83 .83 .83 .83 .83 .83 .83
0.97 0.87 0.89 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.86 0.69




1306 Inner PF Coils (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2012 29FEB2012 31MAR2012 30APR2012 31MAY2012 30JUN2012 31JUL2012 31AUG2012 30SEP2012 310CT2012 30NOV2012 31DEC2012
64 56 51 13 0 0 27 28 25 29 28 27
284 340 391 404 404 404 431 459 484 513 541 567
0 0 0 0 0 0 0 0 0 0 0 0
152 152 152 152 152 152 152 152 152 152 152 152
0 0 0 0 0 0 0 0 0 0 0 0
183 183 183 183 183 183 183 183 183 183 183 183
-31 -31 -31 -31 -31 -31 -31 -31 -31 -31 -31 -31
-131. -187. -238. -251. -251. -251. -279. -307. -332. -361. -389. -415.
.83 .83 .83 .83 .83 .83 .83 .83 .83 .83 .83 .83
0.54 0.45 0.39 0.38 0.38 0.38 0.35 0.33 0.31 0.3 0.28 0.27




1306 Inner PF Coils (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2013

28FEB2013

31MAR2013

30APR2013 31MAY2013 30JUN2013 31JUL2013 31AUG2013 30SEP2013 310CT2013 30NOV2013 31DEC2013

29 25 27 20 0 0 0 0 0 0 0 0
596 622 648 669 669 669 669 669 669 669 669 669

0 0 0 0 0 0 0 0 0 0 0 0
152 152 152 152 152 152 152 152 152 152 152 152

0 0 0 0 0 0 0 0 0 0 0 0
183 183 183 183 183 183 183 183 183 183 183 183
-31 -31 -31 -31 -31 -31 -31 -31 -31 -31 -31 -31
-444. -469. -496. -516. -516. -516. -516. -516. -516. -516. -516. -516.
.83 .83 .83 .83 .83 .83 .83 .83 .83 .83 .83 .83
0.26 0.24 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23




Annex | - WBS Dictionary

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.
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NSTX-PLAN-PEP-DRAFT
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111
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121
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151
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1.7.2
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181
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Description
NSTX UPGRADE PROJECT

Torus Systems

Project Integrated Model

Plasma Facing Components

Vacuum Vessel and Support Structure
Magnet Systems

Plasma Heating and Current Drive Systems
High Harmonic Fast Wave (HHFW)

Coaxial Helicity Injection (CHI) Current Drive
Electron Cyclotron Heating (ECH)

Neutral Beam Injection (NBI)

Auxiliary Systems

Vacuum Pumping System
Coolant Systems

Bakeout Heating System

Gas Delivery System

Glow Discharge Cleaning System

Plasma Diagnostics
Plasma Diagnostics

Power Systems

AC Power Systems

AC/DC Converters

DC Systems

Control and Protection System

General Power Systems and Integration

Central Instrumentation and Controls (I&C)
Control System
Data Acquisition System

Project Support & Integration
Project Management and Integration
Project Physics

Integrated Systems Tests

Site Preparation and Assembly

Site Preparation
Torus Assembly and Construction

Annex | -1

November 25, 2009



Annex | - WBS Dictionary

and TF bundle assembly. A single vendor will fabricate both components.
{Ohmic Heating Solenoid (Job 1305)}

WBS Element: 1.1.3.3.3 WABS Level: 5

WABS Title:
Definition:

Inner Poloidal Field Coils

The inner poloidal/shaping coils subsystem consists of the new coils that
will make up the poloidal field coils 1A, 1B and 1C. This WBS element
includes the design, analysis, prototypes (as required), procurement
activities and fabrication.

For the NSTX Upgrade three new sets of inner poloidal field coils will be
installed. This WBS element include the design and procurement of the
Inner poloidal field coils and supports which includes all analytical and
CAD design efforts for these components. It includes the early
procurement of the PF conductor and co-wound [Glass/Kapton] insulation.
{Inner Poloidal Field Coils (Job 1306)}

WBS Element: 1.1.3.34 WABS Level: 5

WABS Title:
Definition:

Center Stack Casing and Assembly

This WBS element includes the design and fabrication of the Center Stack
casing and ceramic break assembly for the upgraded Center Stack as well
as the assembly of the new Center Stack.

The Center Stack Casing effort includes analysis and CAD design for the
casing components; the procurement of the Inconel tubing, forgings,
bellows and organ pipes; the fabrication of Center Stack support legs; the
procurement/fabrication of a new ceramic break assembly; the in-house
assembly of the casing components; and mounting of the PF1A and PF1B
structure/coils to the casing.

{CS Casing (Job 1307)}

The Center Stack Assembly effort involves all activities associated with
the assembly of the Center Stack and includes design modifications and
upgrade of the coil assembly stand; procedures for assembling the Center
Stack and for installation; assembly of the Center Stack components
including the OH/TF coil supports, mounting of the surface diagnostics
and thermal blanket, inconel casing and inner PF coils and setup and tear
down of the Center Stack assembly area.

{Center Stack Assembly (Job 1302)}

WBS Element: 1.1.3.4 WBS Level: 4

WBS Title:

Coil Bus Runs

Definition:  This WBS element includes the design and fabrication of
the coil bus runs/supports between the NSTX coils and the FCPC cable
terminations located in the NSTX test cell.

{Coil Bus Runs (Job 5501)}

Annex | - 6
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Cost Center:
Job Number:
Job Title:
Job Manager:

Description:

schedule:

Approvals:

Work Approval Form (WAF)

9417

1306

Inner Poloidal Field Coils
James H. Chrzanowski

Includes the design and procurement of the Inner poloidal field coils and
supporis [PF1A and PF1B]. Includes all analytical & CAD design efforts for
these components. Includes the early procurement of the PF conductor and
Co-wound [Glass/Kapton] insulation. Also includes the procurement of the
PF support mandrels that the PF1A and 1B coils will be wound onto plus the

fabrication of (3) sets of new inner PF coils (PF1A, 1B and 1C)

Refer to the Primavera Data-Base

%f_z ) S;/Q(E 444 71y ),,
Job Manager
\ o
| 6/’5’ /o
Project Manager

W $(3 (s

Engineering Department Head

JOB NO 1306 CD2.xls

Tab A Description 7/20/2010
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