Work Authorization Document
NSTX Upgrade Project

Control 4100 Title: Center Stack Diagnostics

Account #:

WBS 141 Title: Plasma Diagnostics

Period of Performance: 23 February 2009 through 26 August 2013

Authorized Budget: $836 Control Account Manager: Kaita
Revision #: 0 Revision Date: July-11

Authorized Work Description:

The Plasma Diagnostics provide information on discharge parameters to characterize NSTX plasmas and guide its operation for optimized
performance. The diagnostic subsystems included in this WBS are:

* Magnetic measurement diagnostics;

« Current density profile diagnostics;

* Laser and microwave diagnostics;

« Visible and total radiation diagnostics;

« Ultra violet and x-ray diagnostics;

« Particle measurement diagnostics;

« Divertor diagnostics; and

 Plasma Edge and vacuum diagnostics.

The NSTX Center Stack Upgrade will require new magnetics diagnostics to be installed This WBS element includes the design and
fabrications of Center Stack magnetics diagnostics to replace units removed with the old Center Stack. Installation of these diagnostics is
included in WBS element 1.1.3.3.4.

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 Kaita

Functional Manager M. Bell




Activity Activity Work BASELINE Forecast BASELINE Forecast | Schedule| Total Budgeted PPCT Earned value | Planned value
D Description Days START Start FINISH Finish  |Slip (Days) Float Cost cost (BCWP) | cost (BCWS) | FY11 FY12 ‘ FY13 FY14 ‘ FY15 ‘ FY16
R A A AR A
NSTX Upgrade Project
Subtotal 1,129|23FEB09A |23FEBO9A 26AUGI3  |26AUG13 ol 14 835,574.14 127,872.46 131,896.40*5
Job: 4100 - Center Stack Diagnostics-KAITA
Subtotal 1,129|23FEB09A |23FEB09A 26AUGI3  |26AUG13 ol 14 835,574.14 127,872.46 131,896.40‘ —
T —
4100-0017 Prelim Dsn-Design Drawings 25|03MAY10A |03MAY10A 07JUN10A |07JUN10A 0 0.00 100 0.00 0.00
4100-0018 Prelim Dsn-PDR Prep 10|08JUN10A |08JUN10OA 21JUN10A |21JUN10A 0 0.00 /100 0.00 0.00
4100-0019 Prelim Dsn-CONDUCT PDR 2|22JUN10A |22JUN10OA 23JUN10A |23JUN10A 0 0.00 /100 0.00 0.00
4100-0022 Final Dsn-Disposition PDR Chits 10|08JUN10A |08JUN10OA 21JUN10A |21JUN10A 0 0.00 /100 0.00 0.00
4100-0023  |Final Dsn-Design Drawings 127*0INOV10* |[0INOV10A 3IMAR11  |06MAY11 -26| 221 40,239.40(%0 | 36,215.46 40,239.40 EE//SM =20 :EM//ST =20
EM//EM =40 ;EE//EM =80 ;
EA//SB =120 ;
4100-0025  |Final Dsn-Update Cost & Schedule Estimate 10{16MAY11* |09MAY11 27MAY11  |20MAY11 5| 227 20,159.60 0.00 0.00 lEM/EM =40 EE/EM =80 -
4100-0026  |Final Dsn-Prep Procurement Specs 16/06MAY11* |09MAY11 27MAY11  |31IMAY11 al 221 10,079.80 0.00 0.00 bEM/EM =20 : EEJEM =40 -
4100-0027  |Final Dsn-FDR Prep 13*|31MAY11 [01JUN11 24JUN11  |17JUN11 5[ 221 19,572.40 0.00 0.00 WEE/EM =40 :EMIEM =80
4100-0027A | CS Diagnostic - Peer review 0 18MAY11* o| 147 0.00 0.00 0.00 Y
4100-0028  |Final Dsn-CONDUCT FDR 3|27JUN11  |220UN11* 28JUN11*  |24JUN11 2| 219 1,324.40 0.00 0.00 EE/EM =04 :EMIEM =04
4100-0032  |Wire/Cables-Prep Requisition and procurement  15{02APR12* |02APR12* 20APR12  |20APR12 o 14 32,627.60 0.00 0.00 HEE//EM =40 :EE/ISM =40
pac EM//ST =40| ;EM/EM =80 ;
4100-0033  |Wire/Cables-SUBMIT REQ TO PROCUREMENT ~ 5/23APR12 |23APR12 27APR12  |27APR12 o 14 7,261.60 0.00 0.00 EE/EM =20 :EMJEM =20
4100-0034 | Wire/Cables-Procurement lead time (1) 25/30APR12  |30APR12 04JUN12  |04JUN12 o 14 0.00 0.00 0.00 d
4100-0035 | Wire/Cables-AWARD 1|05JUN12  |05JUN12 05JUN12  |05JUN12 o 14 7,261.60 0.00 0.00 EE/EM =20 :EMJEM =20 -
4100-0036 Wire/Cables-Fabricate or delivery 130/06JUN12 06JUN12 10DEC12 10DEC12 0 14 71,643.14 0.00 0.00 ELU_:]_Q’C 00 ; EE//SM =120 ;
EM//ST| =240 ;
4100-0038  |Coils w/mandrels -Prep Requisition & 15/02APR12* |02APR12* 20APR12 |20APR12 o] 14 24,764.10 0.00 0.00 EE//EM =10| ;EM/ST =20
procurement beensm =a0 ;EM/EM =80 ;
4100-0039 gggscﬁlgshr)lgms - SUBMIT REQ TO 5/23APR12 [23APR12 27APR12  |27APR12 o 14 3,630.80 0.00 0.00 EE/EM =10 :EMJEM =10
4100-0040 Coils w/mandrels - Procurement lead time (1) 25|30APR12 |30APR12 04JUN12 04JUN12 0 14 0.00 0.00 0.00 H
4100-0041 | Coils w/mandrels - AWARD 1{05JuN12  [05IJUN12 05JUN12  |05JUN12 o 14 0.00 0.00 0.00 |
4100-0042  |Coils w/mandrels - Fabricate or delivery 130{06JUN12  |06JUN12 10DEC12  |10DEC12 o 14 120,564.54 0.00 0.00 41=40,000 ;EM/EM =40 ;
EEM//ST =120 ;EM//SM =120
EE//SM| =160 ;
Data Date 30APR11|1105 NSTX UPGRADES Sheet1of2/ | Early Bar
Run Date SOMAY11 11:00 RESOURCE LOADED SCHEDULE

© Primavera Systems, Inc.

CD-2 Schedule
April 2011
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I Critical Activity




Activity
ID
4100-0045

4100-0046

4100-0047

4100-0050

4100-0051

4100-0052

4100-0056

4100-FY09

FY104000

FY104100

FY104100A

Activity
Description

Fab/Assy Procedure

Shop Fabrication

Assembly

Installation Procedure (ex-vessel only)

Machine Installation (ex-vessel only)

PTP Testing

Mount Diagnostics in PFC Tiles

FY09 Actual Cost

FY10 Actual Cost

FY10 Actual Cost

FY10 Actual Cost

Work BASELINE
Days START
20 06JUN12

65|11DEC12*

65|21MAR13

15/010CT12*

30|21JUN13

15/06AUG13

40|25APR13

22*|23FEB0O9A

40{01JAN10A

65|01FEB10A

110{03MAY10A

Forecast
Start

06JUN12

11DEC12*

21MAR13

010CT12*

21JUN13

06AUG13

25APR13

23FEBO9A

01JAN10A

01FEB10A

03MAY10A

BASELINE
FINISH
03JUL12

20MAR13

20JUN13

190CT12

05AUG13

26AUG13

20JUN13

30SEPO09A

26FEB10A

30APR10A

30SEP10A

Forecast
Finish
03JUL12

20MAR13

20JUN13

190CT12

05AUG13

26AUG13

20JUN13

30SEPO09A

26FEB10A

30APR10A

30SEP10A

Schedule
Slip (Days.

0

Total
Float

124

178

14

14

59

Budgeted
Cost

18,266.88

119,716.30

114,001.78

29,835.40

65,733.40

37,234.40

0.00
11,000.00
-1,729.00
12,432.00

69,954.00

PPCT Earned value

cost (BCWP)

0.00

0.00

0.00

0.00

0.00

0.00

0.00
11,000.00
-1,729.00
12,432.00

69,954.00

Planned value|
cost (BCWS)
0.00

0.00

0.00

0.00

0.00

0.00

0.00

11,000.00

-1,729.00

12,432.00

69,954.00

Fyil | Fy12 | FY13 | FY14 | Fyi5 | FY16
TR eI T T I T Te e T T eI eI T v e
HEE//EM =12 ;EE/SM =20 ;
EM/ST =20 ;EM/EM =60 ;
EE//EM =10 ;EM/SM =40
B=EM/EM =180 ;EM//ST =240
EE//SM =300 ;
EE/EM =10 ;EM/EM =13
EE//SM =280 ;EM//ST =34
HEE//SM =20 ;EE/EM =40 ;
EM/ST =40 :EM/EM =80 ;
EEE//EM =20 ;EM/EM =4
EM/ST =180 ;EE//SM =2
HEE//EM =20 ;EM/EM =4
EE//SM =100 ;EM//ST =
.
81=6|>95z

Sheet 2 of 2



4100 Center Stack Diagnostics (Kaita) START 28FEB2009 31MAR2009 30APR2009 31MAY2009 30JUN2009 31JUL2009 31AUG2009 30SEP2009 310CT2009 30NOV2009 31DEC2009

BCWS 0 0 2 2 1 2 2 1 1 0 0 0
CUM BCWS 0 0 2 3 5 6 8 10 11 11 11 11
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. -3. -5. -6. -8. -10. 11, -11. 11, -11.

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




4100 Center Stack Diagnostics (Kaita)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2010 28FEB2010 31MAR2010 30APR2010 31MAY2010 30JUN2010 31JUL2010 31AUG2010 30SEP2010 310CT2010 30NOV2010 31DEC2010

-1 3 4 4 13 15 14 15 14 0 8 7
10 13 17 22 35 49 63 78 92 92 100 106
0 0 0 0 0 0 0 0 0 0 0 118
0 0 0 0 0 0 0 0 0 0 0 118
0 0 0 0 0 0 0 0 0 0 0 125
0 0 0 0 0 0 0 0 0 0 0 125
0 0 0 0 0 0 0 0 0 0 0 -7

-10. -13. 17. -22. -35. -49. -63. -78. -92. -92. -100. 11.

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 95

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.11




4100 Center Stack Diagnostics (Kaita)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2011 28FEB2011 31MAR2011 30APR2011 31MAY2011 30JUN2011 31JUL2011 31AUG2011 30SEP2011 310CT2011 30NOV2011 31DEC2011
8 8 9 0 31 20 0 0 0 0 0 0
115 123 132 132 163 183 183 183 183 183 183 183
4 4 2 0 0 0 0 0 0 0 0 0
122 126 128 128 128 128 128 128 128 128 128 128
12 12 12 -41 0 0 0 0 0 0 0 0
137 149 160 120 120 120 120 120 120 120 120 120
-15 -23 -32 8 8 8 8 8 8 8 8 8
7. 3. -4. -4. -35. -55. -55. -55. -55. -55. -55. -55.
.89 .85 .8 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07
1.06 1.03 0.97 0.97 0.78 0.7 0.7 0.7 0.7 0.7 0.7 0.7




4100 Center Stack Diagnostics (Kaita)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2012 29FEB2012 31MAR2012 30APR2012 31MAY2012 30JUN2012 31JUL2012 31AUG2012 30SEP2012 310CT2012 30NOV2012 31DEC2012
0 0 0 68 0 49 33 33 28 63 32 34
183 183 183 251 251 301 334 366 395 458 490 524
0 0 0 0 0 0 0 0 0 0 0 0
128 128 128 128 128 128 128 128 128 128 128 128
0 0 0 0 0 0 0 0 0 0 0 0
120 120 120 120 120 120 120 120 120 120 120 120
8 8 8 8 8 8 8 8 8 8 8 8
-55. -55. -55. -123. -123. -173. -206. -239. -267. -330. -362. -396.
1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07
0.7 0.7 0.7 0.51 0.51 0.43 0.38 0.35 0.32 0.28 0.26 0.24




4100 Center Stack Diagnostics (Kaita)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2013

28FEB2013

31MAR2013

30APR2013 31MAY2013 30JUN2013 31JUL2013 31AUG2013 30SEP2013 310CT2013 30NOV2013 31DEC2013
38 33 35 38 40 37 47 43 0 0 0 0
562 595 631 669 708 745 792 836 836 836 836 836
0 0 0 0 0 0 0 0 0 0 0 0
128 128 128 128 128 128 128 128 128 128 128 128
0 0 0 0 0 0 0 0 0 0 0 0
120 120 120 120 120 120 120 120 120 120 120 120
8 8 8 8 8 8 8 8 8 8 8 8
-434. -467. -503. -541. -581. -617. -664. -708. -708. -708. -708. -708.
1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07
0.23 0.21 0.2 0.19 0.18 0.17 0.16 0.15 0.15 0.15 0.15 0.15




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

WBS Element: 1.4.1 WABS Level: 3
WBS Title: Plasma Diagnostics
Definition: ~ The Plasma Diagnostics provide information on discharge parameters to
characterize NSTX plasmas and guide its operation for optimized
performance. The diagnostic subsystems included in this WBS are:
e Magnetic measurement diagnostics;
e Current density profile diagnostics;
e Laser and microwave diagnostics;
e Visible and total radiation diagnostics;
e Ultra violet and x-ray diagnostics;
e Particle measurement diagnostics;
e Divertor diagnostics; and
e Plasma Edge and vacuum diagnostics.

The NSTX Center Stack Upgrade will require new magnetics diagnostics
to be installed This WBS element includes the design and fabrications of
Center Stack magnetics diagnostics to replace units removed with the old
Center Stack. Installation of these diagnostics is included in WBS element
1.1.3.3.4.

{Center Stack Upgrade Diagnostics (Job 4100)}

WBS Element: 1.5 WABS Level: 2

WABS Title: Power Systems

Definition:  The Power Systems WBS element includes the engineering, design,
prototyping, procurement and installation of all the systems and related
elements that provide conditioned electrical power and energy to the
NSTX systems. It includes the AC Power Systems, the AC/DC
Convertors, the DC Systems, the Control and Protection System, and
System Design and Integration.

WBS Element: 1.5.1 WBS Level: 3

WBS Title: AC Power Systems

Definition:  The scope of the AC Power Systems WBS element is to provide the
supply and distribution of all AC power to NSTX. This includes all the
experimental and auxiliary loads.

WBS Element: 1.5.2 WABS Level: 3

WBS Title: AC/DC Converters

Definition: ~ The scope of the AC/DC Converters WBS element is to reactivate existing
AC/DC Converters that have not been used since the shutdown of TFTR
for use by NSTX.

WBS Element: 1.5.3 WABS Level: 3

WBS Title: DC Systems

Definition: ~ The scope of the DC Systems WBS element is to receive AC input power
and deliver controlled DC output power to the NSTX coil systems. This

Annex | - 13
NSTX-PLAN-PEP-DRAFT November 25, 2009



Cost Center:
Job Number:
Job Title:
Job Manager:

Description:

Approvals:

Work Approval Form (WAF)

9417

4100

Center Stack (CS) Upgrade Diagnostics
Robert Kaita/Jeff-Abramson

Design and fabrications of CS magnetics diagnostics to replace units

removed with old center stack. They consist of the following.
Internal (in vacuum):

Thermocouples

Mirnov/Pickup Coils

Halo Current Rogowski Coils

Tile-Mounted Langmuir Probes

External (in air):

Thermocouples

Flux Loops

Plasma Current Rogowski Coils

Refer to Primavera Data-Base

/@\Xk e I'L%\i 6

Job Manager

Project l\ﬁanéger

CILLL_ 551,

Englneerlng Department Head

JOB NO 4100 CD2.xIs

Tab A Descripﬁon

7/20/2010
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rask

USER INPUT TASKS AND DESCRIPTIONS

=
S
7

*

TASK DESCRIPTION

P3 cross ref

jnumb (optinal)

Internal:

&S (41)
REDIT CARD (43)

THER (39)

AAVEL (35)

VERTIME (31)

A™ EM (analysis engr)|

** DM (Designer)

C** EM (computing

n
C* SMTB

E** EM (Elctr Engr)

Computing Tech)

E** SM/TB (Electr
ech)

M** EM (FO&M Engr)

M** SM/TB (FO&M

** AM (P&C Officer)

P** SB/TB (HP Tech)

*** AM (Researcher)

or: Machining

ouples

Basian

et He Lt

5[bk

Procure Materials

Fabricate

Attach to Tiles

10

10

20

Inst. Procedure reviewiupdate
o =t

CS Tomminat

‘lewp Update

Mirnov/Pickup Coils
Dastgr-Layout

(L

CS Decignnterace

Procure Materials; wire & Mandrels

$12,000

20

Wind Coils

$7,500

20

Tosting

Mount in Tiles

20

Inst. Procedure revi =

CS-instaliation

bk

oS Tomminati

lo Current R Coils

Drawing Update

20

ceramic wrap, foil, sleeving, cement

$6,000/

Wind Coils

$6,000] |

Perform Coil Testing

Copper Foil Inst.and Wrap

40

Mandrel sizing for center stack

Tt sdathat aalis

Inst. Procedure review/update
Canter iack-netalation

5|8

CWD Update

Tile-Mounted Langmuir Probes

Dastga-tayost

C8-LayoutDosigh

A

Procure Materials

Fatlttinibe

Inst. Procedure 1

Laeddate
Lol

120

Install in Tile

[ad =M1

oS Torminat

[CWD Update

20

External:

Themnocougles

Procure Materials

$1,500

20 |

Design-Layout-

20

Fac TCs

Inst. Procedure review/update

CS Installation

CS Termination

40

Tokomak Installation

CWD Update

20 |

Fl.gg Loops

Design-Layout, Dwg update

$1,000

20

$3,000 |

Procure Materials
Eabrcate Mandrols

Inst. Procedure review/update

40

| _[CS Installation
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JOB NO 4100 CD2 RO.xIs

Details Hours by Tasks page 6 of 6

FY09$K HOURS
USER INPUT TASKS AND DESCRIPTIONS i
? i s 5| 5| s
& sl =|2 5 = m| = 2] @
2 gl BI5 | sl Bl 8| 5| B8] 5| 3 .
2 =l &l & 2|§ [.°| 5| & gl = | gl | &
3| gl 8| ¢ & €| [eg| g| & el g | £ B g
s =l gl o) B| 2| B3 (3| 2| 2| 3| 2| 3| 3 z %
task TASK DESCRIPTION 2| 2| | & 2| & kb?bg wl w§ 5 5% 5 & i| £
P3 cross ref
inumb (optinal)
Lol 20t a0
Field Cable $3,000 40 40 120
Toch i 5 :
CWD Update 20
Plasma Current Rogowski Coils _| B _ |-
Design-Layout, Dwg update 40
Procure Materials $3,000 40 |
Fabricate M 40 40 | 80
Wind Rogowski Coils $10,000 80
Temp tooling $2,000
Copper Foil Insulation and Kapton Wrap 80
Tosh — 40 | —40
Inst. Procedure review/update o 20
CS Installation 40  240| 80 |
1
—
TOTALS, $ & Hrs $59,000 180 780 1,360 | 1,300 | 1,390 - 160
8/3/2010
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