Work Authorization Document
NSTX Upgrade Project

Control 1300 |Title: Center Stack

Account #:

WBS 1.1.3 Title: Magnet Systems

Period of Performance: 04 January 2010 through 21 February 2014

Authorized Budget: $1,063 Control Account Manager: Chrzanowski
Revision #: 0 Revision Date: July-11

Authorized Work Description:

The magnet system consists of the outer Poloidal Field (PF) coils (PF#2-5), the outer Toroidal Field (TF) coil legs, and the Center Stack

Assembly (CSA). The CSA contains the inner TF coil legs, the TF coil joint (flex bus assembly), the OH solenoid, the shaping coils, and the
center stack casing. This WBS element includes the design, analysis, prototypes (as required), procurement activities and fabrication of the
magnet systems up to and including the magnet system coil buswork, but does not include installation costs. Installations costs are included i
WBS 1.8

The NSTX Upgrade Project will require engineering, analysis, design procurement and fabrication of a new CSA, replacement of two outer TF
coil legs, and a fabrication of a new TF coil joint

This WBS element provides CAD design support for the overall assembly drawings associated with the CSA upgrade. It also includes some
time for space allocation studies associated with the magnet upgrades. CAD design support for individual components is included in the
specific component jobs.

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 PPCW Earned value Planned value|

ID Description Days START Start FINISH Finish Slip (Days) Float Cost cost (BCWP) cost(BCws) | FY11 | FY12 | FY13 | FY14 [EY15] FY16 |
O A ] e A
NSTX Upgrade Project
Subtotal 1,032|01JAN10A |01JANL0A 21FEB14  |21FEB14 0 1621 1,062,421.28 315,483.55 315,483.55)
Job: 1300 - Center Stack-CHRZANOWSKI
Subtotal 1,032|01JAN10A |01JAN10A 21FEB14  |21FEB14 o| 1621 1,062,421.28 315,483.55| 31548355
1300-0010  |Engineering & Dsgn Supp-Final Design (LOE)| 249*|03MAY10A |03MAY10A 29APR11  |29APR11A 0 272,028.55 |LOE 272,028.55|  272,028.55 AJEM 21284 :EAUSB =300
1300-0011 Engineering and Design Support-Title Il 698|02MAY11 |[02MAY11* 21FEB14  |21FEB14 0| 1,621 746,937.73 0.00 0.00 H : H H : :: H : :: :..A//EM =3834
FY101300  |FY10 Actual Cost 85{0LJAN10A |01JAN10A 30APR10A |30APR10A 0 48,143.00 100 48,143.00 48,143.00
FY101300A |FY10 Actual Cost (Corresponds to BCWP) 110{03MAY10A |03MAY10A 30SEP10A |30SEP10A 0 -4,688.00 | 100 -4,688.00 4688000, L 1o
Data Date 30APR11|1105 NSTX UPGRADES Sheetlofll, | Early Bar
. RESOURCE LOADED SCHEDULE
Run Date 20MAY11 10:47 I P rogress Bar
CD-2 Schedule
April 2011 I Crritical Activity
© Primavera Systems, Inc.




1300 Center Stack (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 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 0
0 0 0 0 0 0 0 0 0 0 0 0
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




1300 Center Stack (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 20 22 21 22 21 24 23 19
11 23 36 48 68 89 110 131 152 176 199 218
0 0 0 0 0 0 0 0 0 0 0 218
0 0 0 0 0 0 0 0 0 0 0 218
0 0 0 0 0 0 0 0 0 0 0 191
0 0 0 0 0 0 0 0 0 0 0 191
0 0 0 0 0 0 0 0 0 0 0 27

11, -23. -36. -48. -68. -89. -110. -131. -152. -176. -199. .

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.14

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




1300 Center Stack (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2011

28FEB2011 31MAR2011 30APR2011 31MAY2011 30JUN2011 31JUL2011 31AUG2011 30SEP2011 310CT2011 30NOV2011 31DEC2011

24 23 26 24 19 20 19 21 20 21 22 22
242 265 291 315 335 355 375 396 416 438 460 483
24 23 26 24 0 0 0 0 0 0 0 0
242 265 291 315 315 315 315 315 315 315 315 315
13 15 20 25 0 0 0 0 0 0 0 0
204 219 239 264 264 264 264 264 264 264 264 264
38 46 52 51 51 51 51 51 51 51 51 51

. . . . -19. -40. -50. -81. -101. -122. -145. -167.
1.19 1.21 1.22 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19
1 1 1 1 0.94 0.89 0.84 0.8 0.76 0.72 0.69 0.65




1300 Center Stack (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2012

29FEB2012

31MAR2012

30APR2012 31MAY2012 30JUN2012 31JUL2012 31AUG2012 30SEP2012 310CT2012 30NOV2012 31DEC2012
22 21 22 21 23 21 22 23 20 24 23 22
505 526 549 570 593 615 637 660 681 705 727 749
0 0 0 0 0 0 0 0 0 0 0 0
315 315 315 315 315 315 315 315 315 315 315 315
0 0 0 0 0 0 0 0 0 0 0 0
264 264 264 264 264 264 264 264 264 264 264 264
51 51 51 51 51 51 51 51 51 51 51 51
-189. -211. -233. -254. -278. -299. -322. -345. -365. -389. -412. -434.
1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19
0.62 0.6 0.58 0.55 0.53 0.51 0.5 0.48 0.46 0.45 0.43 0.42




1300 Center Stack (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2013

28FEB2013

31MAR2013

30APR2013 31MAY2013 30JUN2013 31JUL2013 31AUG2013 30SEP2013 310CT2013 30NOV2013 31DEC2013
24 21 22 23 24 21 24 23 22 25 23 24
773 794 816 838 862 883 907 930 951 976 999 1,022
0 0 0 0 0 0 0 0 0 0 0 0
315 315 315 315 315 315 315 315 315 315 315 315
0 0 0 0 0 0 0 0 0 0 0 0
264 264 264 264 264 264 264 264 264 264 264 264
51 51 51 51 51 51 51 51 51 51 51 51
-458. -478. -500. -523. -547. -568. -591. -614. -636. -661. -683. -707.
1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19
0.41 0.4 0.39 0.38 0.37 0.36 0.35 0.34 0.33 0.32 0.32 0.31




1300 Center Stack (Chrzanowski)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2014 28FEB2014 31MAR2014 30APR2014 31MAY2014 30JUN2014 31JUL2014 31AUG2014 30SEP2014 310CT2014 30NOV2014 31DEC2014
25 16 0 0 0 0 0 0 0 0 0 0
1,047 1,063 1,063 1,063 1,063 1,063 1,063 1,063 1,063 1,063 1,063 1,063
0 0 0 0 0 0 0 0 0 0 0 0
315 315 315 315 315 315 315 315 315 315 315 315
0 0 0 0 0 0 0 0 0 0 0 0
264 264 264 264 264 264 264 264 264 264 264 264
51 51 51 51 51 51 51 51 51 51 51 51
-731. -748. -748. -748. -748. -748. -748. -748. -748. -748. -748. -748.
1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3




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.

=

BS
L2

[y

11

1.2

13

14

15

1.6

1.7

1.8

NSTX-PLAN-PEP-DRAFT

L3

1.1.0
111
1.1.2
1.1.3

121
1.2.2
1.2.3
1.2.4

13.1
1.3.2
1.3.3
1.3.4
135

14.1

151
152
153
154
155

16.1
1.6.2

1.7.1
1.7.2
1.7.3

181
1.8.2

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

does not include installation costs. Installations costs are included in WBS
1.8. {VVacuum Vessel & Support Structure (Job 1200)}

WBS Element: 1.1.3 WBS Level: 3
WBS Title: Magnet Systems
Definition: ~ The magnet system consists of the outer Poloidal Field (PF) coils (PF#2-

5), the outer Toroidal Field (TF) coil legs, and the Center Stack Assembly
(CSA). The CSA contains the inner TF coil legs, the TF coil joint (flex
bus assembly), the OH solenoid, the shaping coils, and the center stack
casing. This WBS element includes the design, analysis, prototypes (as
required), procurement activities and fabrication of the magnet systems up
to and including the magnet system coil buswork, but does not include
installation costs. Installations costs are included in WBS 1.8

The NSTX Upgrade Project will require engineering, analysis, design
procurement and fabrication of a new CSA, replacement of two outer TF
coil legs, and a fabrication of a new TF coil joint

This WBS element provides CAD design support for the overall assembly
drawings associated with the CSA upgrade. It also includes some time for
space allocation studies associated with the magnet upgrades. CAD design
support for individual components is included in the specific component
jobs.

{Center Stack Upgrade Project Design Support (Job 1300)}

WBS Element: 1.1.3.1 WABS Level: 4

WBS Title:

Outer Poloidal Field Coils (PF #3-5)

Definition: ~ The outer Poloidal Field coils (PF 3-5) consist of 5 poloidal
field coils PF 3 upper and lower, PF 4 upper and lower and PF 5. There
are no changes to the outer PF coils as part of the NSTX Upgrade Project

SCope.

WBS Element: 1.1.3.2 WABS Level: 4

WABS Title:

Outer Toroidal Field Coils

Definition: ~ The outer Toroidal Field coils subsystem consists of the
coil sections that make up the 12 TF outer legs. This WBS element
includes the design, analysis, prototypes (as required), procurement
activities and fabrication. For the NSTX Upgrade Project two (2) new
Outer TF coils will be fabricated to replace existing ones. This WBS
element includes the fabrication of (2) new Outer TF coils to replace the
existing leaking OTF#7 and OTF#11 in NSTX. The scope includes the
procurement of conductor, insulation material, aluminum castings and
supports necessary to fabricate a new OTF coils. Coil fabrication will be
performed in-house. This scope does not include costs associated with
installation. Installations costs are included in WBS 1.8

{Outer Toroidal Field Coil Repairs (Job 1301)}

Annex | -4

NSTX-PLAN-PEP-DRAFT November 25, 2009



Cost Center:
Job Number:
Job Title:

Job Manager:

Description:

Schedule:

Approvals:

Work Approval Form (WAF)

9417

1300

Title: Centerstack Design Support
Job Manager: James H. Chrzanowski

1) This job provides Engineering support for the 1300 CS upgrade activities.
2) Cad design support for upgrading machine assembly drawings asociated
with the CS upgrades.

See Tab B or attached

Job Manager

Project Manager

Engineering Department Head

JOB NO 1300 CD2.xIs

Tab A Description 7/20/2010 8:26 AM
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