Work Authorization Document
NSTX Upgrade Project

Control 2440 |Title: 2nd NBI Beamline

Account #:

WBS 1.24 Title: NB Injection

Period of Performance: 23 February 2009 through 16 October 2013

Authorized Budget: $2,590 Control Account Manager: Denault
Revision #: 0 Revision Date: July-11

Authorized Work Description:
This WBS element includes refurbishment of a TFTR NBI and its relocation to the NSTX test cell.

Included in this WBS element are the activities necessary to refurbish a TFTR Neutral Beam beamline for use on NSTX. This scope includes
replacing copper impinged parts as required and refurbishment of the seals, thermocouple wiring, and bellows (cal and spool) as needed.

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 Denault

Functional Manager L. Dudek




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
T
NSTX Upgrade Project
Subtotal 1,14523FEB0O9A |23FEBO9A 160CT13  |18SEP13 20 8| 2,584,573.79 221,512.64 245,321.30- \
!
Job: 2440 - 2nd NBI Beamline-DENAULT
Subtotal 1,145|23FEB09A |23FEB09A 160CT13  |18SEP13 20 8| 2,584,573.79 221,512.64 245,321.30‘ \
!
Procure, Fab & Assembly
2440-0001 Begin refurbishment job parts list 143*010CT10* |010CT10A 01FEB11 31JAN11A 1 6,212.80 100 6,212.80 6,212.80] ek/sm =40 )
2440-0002  |Prepare drawings 600 010CT10* |010CT10A 0IMARI3  |0IMAR13 o| 147 44,155.30(45 | 19,869.89 10,523.68 EAES =480 -
2440-0002A |Engineering Supervision (LOE) 599*|010CT10* |01O0CT10A 26APR13 28FEB13 41 148 161,013.17 LOE 38,620.58 36,105.80 M/EM =960 .
2440-0003 Calorimeter parts 90({13DEC11 |11NOV11 24APR12 27MAR12 20 8 1,290.00 0.00 0.00 lel 000 .
2440-0004  |lon Dump parts 90/030CT11* |030CT11* 15FEB12  |15FEB12 of 37 2,580.00 0.00 0.00 e 41=2,000 -
2440-0005  |Magnet parts 90|28NOV12 |290CT12 11APR13  |14MAR13 20 8 660.00 0.00 0.00 [ 1 =500
2440-0006 90 inch flange and neutralizer parts 90/150CT12 |17SEP12 28FEB13  |31JAN13 20 8 1,316.67 0.00 0.00 %1=1 00
2440-0007  |Exit spool piece parts 90|04JAN13  |28NOV12 09MAY13  |11APR13 20 8 6,600.00 0.00 0.00 =1 =5 000
2440-0008  |BL Lid parts 90|03AUGI2 |06JUL12 11DEC12  |09NOVI2 20 8 1,560.00 0.00 0.00 [ 1=1,200
2440-0009  |BL Box parts 90|23MAY12 |25APR12 28SEP12  |30AUGI2 20 8 5,160.00 0.00 0.00 14,000
2440-0011 | Calorimeter TC wiring 115(04NOV11  |070CT11 24APR12  |27MARI2 20 8 45,034.40 0.00 0.00 [EEM”ST =160 :EE/TB =160 :
41=10,000 ;
2440-0012  |lon Dump TC wiring 103[22AUG11* |22AUG11* 24JAN12  |24JAN12 o| 53 37,745.26 0.00 0.00 %EM//ST =160 | :EE/TB =160 :
41=5,000 ;
2440-0013  |Magnet TC wiring 78/14DEC12 |14NOV12 11APR13  |14MAR13 20 8 35,451.20 0.00 0.00 EM//ST =160 :EE/TB =160
41=2,000 ;
2440-0014 |90 inch flange and neutralizer TC wiring 48|14DEC12  |14NOV12 28FEB13  |31JAN13 20 8 35,451.20 0.00 0.00 [E'EM//ST =160 :EE/TB =160
41=2,000 ;
2440-0015  |Exit spool piece TC wiring (refurb & relocate)|  98/14DEC12 |14NOV12 09MAY13 |11APR13 20 8 35,451.20 0.00 0.00 [E'EM/ ST =160 :EE/TB =160
41=2,000 ;
2440PEER  |Peer Review 0 3IMARI1 |14APR11A -10 0.00 0.00 0.00 '
Refurbishment
2440-0017A |Radiation Supplies (M&S) (LOE) 635* 0INOV10* |0INOVI0A 20MAY13  |20MAY13 ol a1 321,649.61|LOE| 61,756.73 61,797.25 e 1 1 {550 000 -
2440-0017B | Test Cell Maintenance (LOE) 500 0INOV10* |0INOVI0A 300CT12  |300CT12 o| 226 131,251.04|LOE| 32,025.26 32,025.26 123,000 :EM//SB=1000
2440-0018  |Refurbish BL Box 110[25APR12* |28MAR12* 28SEP12  |30AUG12 20 8 87,454.80 0.00 0.00 EEE//SM =160 :EE/TB =640 ;
41=1,000 | ;
2440-0020  |Refurbish BL Lid 50/010CT12 |31AUG12 11DEC12  |09NOV12 20 8 91,177.44 0.00 0.00 E.EE//SM =160 EE/TB =640 ;
41=3,000 ;
Data Date 30APR11|1105 NSTX UPGRADES Sheet1of2/ | Early Bar
Run Date SOMAY11 10:54. 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\jL\l\H Hm\l\z\\\}\\m\lﬂ\\ "m‘lﬁwHﬁ\‘(“lﬁ”}”ﬁmﬁ”
2440-0022  Refurbish 90 inch flange and neutralizer 50 12DEC12 |12NOV12 28FEB13  31JAN13 20 8 178,598.40 0.00 0.00 LE'EE//SW =320 ;EE/TB =1,280
41=2,000 ;
2440-0024  |Refurbish Bending Magnet 30|01MAR13 |01FEB13 11APR13  |14MAR13 20 8 89,299.20 0.00 0.00 [+EE//SM =160 ;EE/TB =640
41=1,000 ;
2440-0026  |Refurbish spool piece 20|12APR13 |15MAR13 09MAY13 |11APR13 20 8 178,598.40 0.00 0.00 DEE//SM =320 ;EE/TB =1,28
41=2,000 ;
2440-0028  |Refurbish lon Dump 284*01FEB11* |07FEB11A 23APR12  |23MAR12 21| 10 279,383.97 8 22,422.38 58,051.51 EE//SM =480 ;EE//TB =1,920 ;
H—41=1,000 ;
2440-0030  |Refurbish Calorimeter 148[22AUG11* |22AUG11* 24APR12  |27MAR12 20 8 269,381.13 0.00 0.00 EM//EM =160 :EE//SM =320
P £/ TB =1,280 ;EM//ST =200 ;
41=40,000 ;
2440-0031  |Modify to New style 50|10MAY13 |12APR13 23JUL13  |21JUN13 20 8 233,556.00 0.00 0.00 [‘E‘E A/IIEM =150 ;EE/TB =1,
41=50,000 ;
2440-0033  |Reassembly & Test & relocate 60[24JUL13  |24JUN13 160CT13  |18SEP13 20 8 263,937.60 0.00 0.00 EEFE//SM =480 :EE/NTB =
FY092440  |FY09 Actual Cost 22%23FEBO9A |23FEBO9A 30SEP0O9A |30SEPO9A 0 28,566.00 (100 | 28,566.00 28,566.00
FY102440  |FY10 Actual Cost 100{01DEC09A |01DECO9A 30APR10A |30APR10A 0 5,008.00(100 | 5 908.00 5,908.00
FY102440A  |FY10 Actual Cost 1|03MAY10A |03MAY10A 30SEP10A |30SEP10A 0 6,131.00(100 | 6,131.00 6,131.0081=6I31
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2440 2nd NBI Beamline (Denault)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
Ccv
SV

START  28FEB2009 31MAR2009 30APR2009 31MAY2009 30JUN2009 31JUL2009 31AUG2009 30SEP2009 310CT2009 30NOV2009 31DEC2009
0 1 4 4 4 4 4 4 4 0 0 1
0 1 5 9 13 17 21 25 29 29 29 30
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
. -1. -5. -9. -13. 17. 21, -25. -29. -29. -29. -30.

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




2440 2nd NBI Beamline (Denault)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2010 28FEB2010 31MAR2010 30APR2010 31MAY2010 30JUN2010 31JUL2010 31AUG2010 30SEP2010 310CT2010 30NOV2010 31DEC2010
1 1 1 1 1 1 1 1 1 8 22 19
31 32 33 34 36 37 38 39 41 48 70 89
0 0 0 0 0 0 0 0 0 0 0 92
0 0 0 0 0 0 0 0 0 0 0 92
0 0 0 0 0 0 0 0 0 0 0 61
0 0 0 0 0 0 0 0 0 0 0 61
0 0 0 0 0 0 0 0 0 0 0 31
-31. -32. -33. -34. -36. -37. -38. -39. 41, -48. -70. 3.
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.51
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.03




2440 2nd NBI Beamline (Denault)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2011 28FEB2011 31MAR2011

30APR2011 31MAY2011 30JUN2011 31JUL2011 31AUG2011 30SEP2011 310CT2011 30NOV2011 31DEC2011
23 37 43 39 39 41 39 57 79 82 93 95
112 149 192 231 270 311 350 407 487 569 662 757
25 35 26 30 0 0 0 0 0 0 0 0
117 152 178 208 208 208 208 208 208 208 208 208
2 26 4 21 0 0 0 0 0 0 0 0
63 89 93 114 114 114 114 114 114 114 114 114
55 63 85 94 94 94 94 94 94 94 94 94
5. 2. -14. -23. -62. -103. -142. -199. -278. -361. -454. -548.
1.87 1.71 1.91 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82
1.05 1.02 0.93 0.9 0.77 0.67 0.59 0.51 0.43 0.37 0.31 0.28




2440 2nd NBI Beamline (Denault)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2012 29FEB2012 31MAR2012 30APR2012 31MAY2012 30JUN2012 31JUL2012 31AUG2012 30SEP2012 310CT2012 30NOV2012 31DEC2012
93 83 86 73 43 40 42 44 39 66 58 91
850 932 1,019 1,092 1,135 1,175 1,217 1,262 1,300 1,367 1,425 1,516
0 0 0 0 0 0 0 0 0 0 0 0
208 208 208 208 208 208 208 208 208 208 208 208
0 0 0 0 0 0 0 0 0 0 0 0
114 114 114 114 114 114 114 114 114 114 114 114
94 94 94 94 94 94 94 94 94 94 94 94
-641. -724. -811. -884. -927. -967. -1009. -1053. -1092. -1158. -1216 -1307.
1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82
0.25 0.22 0.2 0.19 0.18 0.18 0.17 0.17 0.16 0.15 0.15 0.14




2440 2nd NBI Beamline (Denault)

BCWS
CUM BCWS
BCWP
CUM BCWP
ACWP
CUM ACWP
cv
SV

31JAN2013 28FEB2013 31MAR2013 30APR2013 31MAY2013 30JUN2013 31JUL2013 31AUG2013 30SEP2013 310CT2013 30NOV2013 31DEC2013
125 109 96 172 143 88 101 95 91 54 0 0
1,641 1,750 1,846 2,018 2,161 2,249 2,350 2,445 2,536 2,590 2,590 2,590
0 0 0 0 0 0 0 0 0 0 0 0
208 208 208 208 208 208 208 208 208 208 208 208
0 0 0 0 0 0 0 0 0 0 0 0
114 114 114 114 114 114 114 114 114 114 114 114
94 94 94 94 94 94 94 94 94 94 94 94
-1433. -1542. -1638. -1810 -1953. -2041 -2142. -2237 -2328 -2382 -2382 -2382.
1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82
0.13 0.12 0.11 0.1 0.1 0.09 0.09 0.09 0.08 0.08 0.08 0.08




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
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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
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Annex | - WBS Dictionary

thermal loading. Disruption loads on the ECH waveguide will be
evaluated for the Center Stack Upgrade Fields and field transients.
Discussions with heating system experts regarding the performance of the
ECH system for the higher Center Stack Upgrade fields indicate that no
modification to the resonant frequency or other operational characteristic
for the system will require upgrade. Only disruption qualification is
planned. No previous qualification has been identified, so the resources
include creation of a new calculation — not a review of an existing
calculation as is the case for ICRH.

{Electron Cyclotron Heating (Job 2300)}

WBS Element: 1.2.4 WABS Level: 3

WABS Title:  Neutral Beam Injection (NBI)

Definition: ~ The Neutral Beam Injection System Upgrade provides a second Neutral
Beam as part of the NSTX Upgrade Project. The second NBI is identical
to the one already installed on NSTX. An existing TFTR beam will be
decontaminated, refurbished, and installed on NSTX. This WBS element
includes the NBI source refurbishment; the TFTR beamline
decontamination, refurbishment and relocation to the NSTX Test Cell; the
2" NBI Services; the NBI armor modifications; the 2" NBI Power,
Controls and Instrumentation; the 2" NBI Duct and vacuum vessel
modifications; and the NSTX Test Cell equipment removals and
relocations necessary to accommodate the 2™ NBI. Vacuum Pumping
System Modifications necessary to accommodate the 2" NBI are included
in WBS element 1.3. NBI Management and Health Physics support are
included in element WBS 1.7.

WBS Element: 1.2.4.2 WBS Level: 4

WBS Title: NBI Source Refurbishment

Definition:  This WBS element includes the activities to refurbish three neutral beam
ion sources for the 2" Neutral beamline, as currently being performed for
the installed Neutral beamline 1.
{Source Refurbishment (Job 2420)}

WBS Element: 1.2.4.3 WABS Level: 4

WBS Title: NSTX Beamline 2 Decontamination

Definition: ~ This WBS element includes the disassembly and decontamination
activities of a TFTR Neutral Beam beamline in preparation for beamline
refurbishment and reuse as an NSTX upgrade.
{NSTX Beamline 2 Decontamination (Job 2430)}

WBS Element: 1.2.44 WBS Level: 4

WBS Title: NBI Beamline Refurbishment and Relocation

Definition:  This WBS element includes refurbishment of a TFTR NBI and its
relocation to the NSTX test cell.

Included in this WBS element are the activities necessary to refurbish a
TFTR Neutral Beam beamline for use on NSTX. This scope includes

Annex | - 8
NSTX-PLAN-PEP-DRAFT November 25, 2009



Annex | - WBS Dictionary

replacing copper impinged parts as required and refurbishment of the
seals, thermocouple wiring, and bellows (cal and spool) as needed.
{NSTX Beamline 2 Refurbishment (Job 2440)}

Also included in this WBS element are the efforts necessary to relocate a
TFTR neutral beam line and ancillary equipment into the NSTX test cell.
This includes High Voltage Enclosures (HVES) and the complete beam
box.

{NSTX Beamline 2 Relocation (Job 2425)}

WBS Element: 1.2.4.5 WABS Level: 4

WABS Title:

NSTX Beamline 2 Services

Definition:  This WBS element includes the efforts to provide services to the new
neutral beam beamline and ancillary equipment in NSTX test cell. These
services include water, cryogenic systems, gas supplies, and vacuum lines.
{NSTX Beamline 2 Services (Job 2450)}

WBS Element: 1.2.4.6 WABS Level: 4

WBS Title: NBI Armor

Definition: ~ This WBS element includes the design, fabrication, and installation of
upgraded and relocated neutral beam armor including cooling and
instrumentation work.

{NBI Armor (Job 2460)}

WBS Element: 1.2.4.7 WBS Level: 4

WABS Title: NBI Beamline 2 Power and Controls

Definition: ~ This WBS element includes providing power, controls and

instrumentation for the 2™ Neutral beamline.

Included in this WBS element is providing power for the NBI beamline 2.
NB2 is planned to be powered from the TFTR NB4 A, B, & C line ups.
The electrical equipment in these line ups will be reactivated. The TFTR
NB4 HVEs will be relocated to the NSTX Test Cell as part of WBS
element 1.2.4.4. New triax cables will be installed with terminations from
the Modregs to the HVESs. New Decel coaxial cables will be installed from
the Decel supplies to the Sources. The Arc, Filament, Magnet, and the 208
feeds, to HVESs cables, will be spliced in the TFTR Test Cell basement to
new cabling designed and installed from the TFTR Basement to the NSTX
Test Cell. The fiber cables also will be spliced with additional lengths
recovered from other TFTR line ups. The AC auxiliaries and Grounding
for the NB2 will be designed and installed.

{NBI Power System (Job 2470)}

Also included in this WBS element are the controls and instrumentation
for the NB2. The work covers PLC, programming, control racks, new
thermocouples, TC scanner, miscellaneous controls, and control cabling.
The work also includes the gradient grid upgrade. System integration and
testing will also be performed as part of this effort.

Annex -9
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Work Approval Form (WAF)

Cost Center: 9418

Job Number: 2440

Job Title: NSTX Beamline 2 Refurbishment
Job Manager:  Martin Denault

Description:
This job includes the activities necessary to refurbish a TFTR Neutral
Beam beamline for use on NSTX. This scope includes replacing copper
impinged parts as required and refurbishment of the seals,
thermocouple wiring, and bellows (cal and spool) as needed.

schedule:

Refer to Primavera Data-Base

Approvals: % W S 2070

Job Manager

7 oL

Project Manager

@M OO/J}IO

Engineering Department Head '

JOB NO 2440 CD2.xIs Tab A Description 7/20/2010
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