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1. EXECUTIVE SUMMARY

The National Spherical Torus Experiment (NSTX) is an experimental research facility
funded by Fusion Energy Sciences (FES) that is operating at the Department of Energy’s
Princeton Plasma Physics Laboratory (PPPL).

The scope of the NSTX Upgrade Project included design, fabrication, installation, and
integrated system testing for the systems affected by the project. The Department of Energy
has identified the NSTX Upgrade Project as a Major Item of Equipment (MIE) Project
instead of a Line Item construction project. The device is located within existing
experimental facilities at PPPL. No major building additions were required to accommodate
the device.

The technical goals of the project included;

1) Upgrading the NSTX Center Stack (CS). This was accomplished by designing,
fabricating, installing and testing a new CS assembly incldding a new toroidal field (TF)
hub assembly, new TF flag assemblies, new ceramic bréaky new inner TF bundle, new
ohmic heating coil, new inconel casing and insulation, new plasma facing component (PFC)
tiles, and new poloidal field (PF) 1a, b & c coils./Fhe supportingancillary systems (power,
water, controls) systems were also upgraded.

2) Decontaminating, refurbishing, installing and testing a TFTR neutral beam-line (NBL) on
NSTX. This included the evaluation and refurbishment of internal components such as the
cryogenic panels, beam dumps, bending magnetsybeam scrapers, calorimeter. Additionally,
a second set of beam-line services (e.g., power, water, vacuum, cryogenics, etc.) were
provided.

All required processes for commissioning have been completed and the project Key
Performance Parameters) KPP's) achieved on April  2015.

The project was complete on April _ ,2015 , 5 months ahead of schedule, at a Total Project
Cost (TPC) of $93.2 M, $1.4M under budget.

2. INTRODUCTION
This is the Draft project closeout report for the National Spherical Torus Experiment (NSTX)
project which was completed in April 2015. The project is located at Princeton Plasma

Physics Laboratory (PPPL) Laboratory, Princeton, NJ

This report documents the scope deliverable, cost and schedule achievements, and lessons
learned.
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3. ACQUISITION APPROACH

DOE acquired the project through Princeton Plasma Physics Laboratory (PPPL).who had
the ultimate responsibility to successfully execute the project.

The technical component design, specifications, fabrication, assembly, installation and test
were performed by the Princeton Plasma Physics Laboratory (PPPL) with support provided
by Industry for the material and hardware components. Approximately 21% of the total
project cost was for outside industry procurements.

The following work/acquisitions were performed as follows:

Project Management: In-house staff;

Construction Management: In-house staff;

Engineering and Design: In-house staff;

Large Components: Combination of fixed price vendor contracts & in-house fabrication;
Assembly: In-house staff and fixed price vendor contracts;

Decontamination: In-house staff;
Ancillary Systems: Combination of vendor contract$ and in-house staff, and;
System Start-up, Test and Troubleshoot: In-house staff.

Major procurements from industry included;

Supplier Location Procurement
Martinez & Turek Rialto, CA Centerstack Casing
A&N, Incorporated Williston, FL Bay\ Port Cover, Bay | Port Cover and various Vacuum Parts

Major Tool and
Machine

Indianapolis, IN

Inner TF Conductor Machining

Hollis Line Machine Hollis, NH Outer TF Conductor Stiffeners, Organ Pipe Extension
Weldment and Ceramic Break Parts
Powers Electric Columbus, NJ Wiring and Cabling

Zenex Precision

Paterson NJ

TF Flex Buss

Abcot Amnor

Hawthorne, NJ

Belden/Honeywell Wiring and Cabling

Imperial Machine

Columbia, NJ

G10 Crown Piece and Vacuum Vessel Main Flange
Mounting Studs

MW], Inc. Rochester, NY Poco Graphite Tiles

Edison Welding Columbus, OH Inner TF Friction Stir Welding

Institute

H.C. Starck Euclid, OH TZM Molybdenum Inboard Divertor Tiles and Shield Plates

Everson Tesla

Nazareth, PA

PF1 Coils and Outer TF Coil Fabrication

Astro Machine

Ephrata, PA

Copper Lead Spacers, Centerstack Casing Supports,
Umbrella Lid and Centerstack Swing Fixture

Carolina Fabricators

West Columbia,
SC

Coil Support Structures

Luvata Pori

Kimberly, WI

Inner TF Copper Conductor Extrusions

April
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External technical and management consultation and reviews provided by 72 individual
external personnel from the following institutions;

MIT Plasma Science and Fusion Center

US Department of Energy

University of Wisconsin

Argonne National Laboratory

Lawrence Berkeley National Laboratory

Los Alamos National laboratory

Oak Ridge National Laboratory

Fermi

General Atomic

SLAC

National Institute of Standards and Technology
United Kingdom Atomic Energy Authority (UKAEA)
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4. PROJECT ORGANIZATION

The project was organized as shown below;

Acquisition Executive
AssociateDirectorfor
Fusion Energy Sciences
E. Synakowski

DOE Program
Office

|
H5TX ProgramManager
Fusion Energy Sciences
B. Sullivan

DOE Site Manager

Princeton Site Office
Frank Crescenzo
DNOE Site I
(ffice HSTX Upgrade Project
Fexleral Project Director
A. Inddlicato
D eputy Federal Project Director
J. Makiel
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEsEndSEEEEEEEEENES SN EEEEEEEEEEEEEEEEEEREDR
PPPL PPPL Laboratory Director - Princeton University
Manadgerment _ S.Prager . PPPL Advisory B oand
D eputy Directorfor Operations
I— A. Cohen e B est Practices & Outreach
J.Delooper
Env. Safety, Health & - - i
Security Assoclate_l) irector QAOC
JLevine ML Williams J. Malshury
LA A BB BB RERERRRRERNRRNDH.] lllllIIIIIIIII*IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
HSTX Upgrade Project
PPPL Manager
R. Stivkowsky
NSTX Upgrade D eputy and Construction
Project Team Manager
E.Pemry
Project Controls
S.Langish
I 1
HS5TX Centerstack HSTX Heutral Beam
Manager Engineering Supporn Manager
L. Dudek SysAnalysis: P. Titus T. Stevenson
Sysintegn: C. Heumeyer
|| CenterstackPFC HB Relocation/
K. Tresemer Seqvices |
H. Atnafu
CenterstackD esign
& Procurement
J. Chrzanowski HEI Armor |
K. Tresemer
Structures &
- Supports
L oath HEB1Power
R.Ramakrishnan [ ]
Di ati
- “;E:gm:cs HTC Equipment
Relocation -
Electrical Systems E.Pery
1 R.Ramakrishnan
Sources & Controls
Control SysData M Cropper
- Acquisition
P.Sichta VPSHEB TUPS DUCT  {me
W. Blanchard
Auxiliary Systems
m W. Blanchard — -
Digital Coil
Construction Protection Sys
= E.Pemy {DCPS) —
T. Stevenson
Integrated Systems
k|  Testing/Startup
C.Gentile
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S.

The project team remained relatively intact during course of the project with the exceptions

being;

1) The WBS manager for the center stack design, Jim Chrzanowski, retired shortly after the
center stack was completed and installed. A senior engineer, Steve Raftopoulos was
assigned to carry out the remaining installation and fabrication tasks. There was no
impact to the project schedule.

2) In March 2014 a senior electrical engineer, Ronald Hatcher, passed away. Ron was
instrumental in designing the Digital Coil Protection System (DCPS). While other PPPL
staff closed to fill the ranks there was a schedule impact to the completion of the DCPS
system.

3) Mid way through the project the PPPL QA/QC Organization hired a full time dedicated
inspector which off-loaded work from the Control Account Managers (CAM’s).

PROJECT BASELINE

This section documents the project Performance Baseline (PB)dthat consists of the scope, cost
(Total Project Cost or TPC), schedule (Critical Decision or.£D=4 date), funding profile, and
other information approved at CD-2 and what was achieved at CD-4.

5.1

Scope Baseline

This section describes the project scope and Key Performance Parameters (KPPs) that were
approved at CD-2 and the KPPs achieved at CD-4.

The project, located at Princeton Plasma Physics Laboratory (PPPL), designed, constructed,
tested, and commissioned the NSTXU device consistent with the scope defined in the project
execution plan. :

The major milestone masking the tramsition from a fabrication project to an operating facility is
the first plasma milgstone (CP-4). First plasma is defined as;

1) An ohmically heated discharge > 50 kA at a toroidal magnetic field of > 1 kG.

2) The installation ofithe seécond neutral beam on NSTX which was considered completed

when;
a. Beamline water, vacuum, cryogenics, and feedstock gas services were attached to the
beamline;

b. Installation of a Torus Isolation Valve and duct interconnecting the NSTX vacuum
vessel and the neutral beamline;

c. Local Control Centers were powered on to monitor power supply status, and;

d. Project was verified as complete when a 40,000 electron-volt beam was produced and
injected into the armor for .050 seconds

The planned and final threshold key performance parameters (KPP) of the project are listed
below:
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Description of Scope CD-2 Threshold KPP Achieved at CD-4 CD-2 Threshold KPP Met
KPP or Exceeded?
1. First Plasma * >50kA plasma at
> 1 kG
2a. NBI-Services Installed/Tested Installed/Tested Met
2b. NBI-Connections to Installed/Tested Installed/Tested Met
Vessel
2¢. NBI-Local controls Installed/Tested Installed/Tested Met
2d. NBI-Beam injection* | >40kV at 0.05
sec

* Objective evidence for number 1 and 2d shown in Appendix J

5.2 Cost Baseline

At CD-2, approved in December 2010, the ACWP was $14.8M and the EAC (PMB) was
$77.3M, leaving a contingency of 27% on the ETC of $62.5M. Table 5.2-1 shows the planned
cost, actual cost at CD-4, and explanations of contingency usage. A more detailed look at draw-
downs on contingency is documented by PPPL’s Engineering Change Proposal (ECP) and is

shown in Appendix F.
WBS CD-2 Cost | Final Cost Delta |Explanation (listed in cost order)
Baseline ($M™)
($Mm)
1.1 Torus Systems $13.5 $26.7 $13.2 1) Under estimated unforeseen tasks and technician time to fabricate
and assemble inner TF and'OH coil
2) Over sight and supervision due to schedule stretch-out plus
provide additional to support CAM.
3) Vendor hardware fabrication cost
4) Assembly hardware fabrication (i.e. winding station, inner TF
cooling tube soldering station)
5) Scope enhancements:
>PF=1g, Protective measures (464k),
> Passive plate redesign, fabrication & re-inforcement
$732k,
1.2 Plasma Heating $21.0 $17.6 $3(4 1) Over-estimated beamline relocation, NBI power , NBI controls
2) Under estimated NBI Armor, NBI VPS/Interface duct
3) Reduced scope for non key diagnostic re-installations
4) Scope enhancements: S-FLIP port installation $165k
1.3 Auxiliary Systems $0.4 $0.6 $0.2 1) Under estimated labor and unforeseen tasks
2)Under estimated vendor hardware fabrication cost
1.4 Plasma Diagnostics $1'6 $23 $0.8 1) Under estimated unforeseen tasks MPTS, tFIDA and RWM coil
2) Scope enhancements: RWM coil, and diagnostic
TEC accommodations. $356
1.5 power Systems $7.9 $10.2 $2.2 1) Underestimated the design, implementation and testing of DCPS
2) Underestimated power systems bus bar fabrication
3) Power systems came in under budget
4) Scope enhancements: Redundant DCPS computer, Halmar Signal
Conditioner interface box, Temp. conn. panel, RTC interface chassis
$286k
1.6 Central 1&C $0.9 $1.3 $0.4 1) Underestimate engineering and implementation tasks
2) Scope enhancements: Genuine real-time control computer, new
higher-performance input/output boards, and a complete
restructuring of the software architecture to achieve better reliability,
improved performance, lower maintenance $260k
1.7 Project Support & Integration $11.0 $11.4 $0.4 1) Project stretch-out increase for project office but somewhat offset
by over estimates of HP and CS/NB management
1.8 Assembly $7.6 $9.6 $2.0 Under estimated & unforeseen tasks and technician time
TEC Subtotal $63.8 $79.7 $15.9
1.1 Torus Systems $4.8 $4.8 -
1.2 Plasma Heating $3.6 $3.6 -
1.3 Auxiliary Systems $0.0 $0.0 -
OPC| 1.4 Plasma Diagnostics $0.2 $0.2 -
1.5 power Systems $1.4 $1.4 -
1.6 Central I1&C $0.0 $0.0 -
1.7 Project Support & Integration $3.4 $3.4 -
1.8 Assembly $0.0 $00 -
| OPC Subtotal $13.5 $13.5 -
Subtotal (TEC + OPC) $77.3 $93.2 $15.9
Total Contingency $17.0 $1.1 $15.9
Total Project Cost $94.3 $94.3 $0.0

Table 5.2-1 Comparison of the project baseline to completed cost including contingency
utilization
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WBS and CA CD-2 Cost Baseline (SM) Final Expected Cost ($M) Delta

1.1 Torus Systems $18.3 $31.5 -$13.2
1000 CSU Analytical Support $0.4 $0.7 -$0.3
1001 CS Plasma Facing Components $2.2 $1.9 $0.2
1002 Passive Plate Analysis & Upgrade $0.3 $0.7 -50.4
1200 Structures & Supports $3.5 $4.5 -$1.0
1300 Center Stack $1.1 $3.5 -$2.4
1301 Outer TF Coils $0.3 $0.5 -$0.1
1302 Center Stack Assembly $1.0 $1.0 $0.0
1303 TF Joint Test Stand & Test $0.4 $0.2 $0.1
1304 Inner TF Bundle $2.6 $4.1 S$1.6
1305 Ohmic Heating Coil $4.6 $11.1 -$6.6
1306 Inner PF Coils $0.7 $1.1 -$0.4
1307 CS Casing Assembly (Chrzanowski) $0.9 $1.7 -$0.8
1310 CSU Magnets Systems $0.4 $0.4 $0.0
2300 ECH Analysis $0.1 $0.0 $0.1
2420 2nd NBI Sources $1.1 $0.1 $1.0
2425 BL Relocation $1.9 $1.3 $0.6
2430 2nd NBI Decontamination $2.1 $2.1 $0.0
2440 2nd NBI Beamline $2.6 $1.6 $1.0
2450 2nd NBI Services (Cropper) $4.5 $4.3 $0.2
2460 2nd NBI Armor $0.7 $1.0 -$0.3
2470 2nd NBI Power (Raki) $3.3 $3.0 $0.3
2475 2nd NBI Controls (Cropper) $2.1 $1.9 $0.2
2480 2nd NBI/TVPS Duct $23 $2.5 -$0.2
2485 Vacuum Pumping System $0.4 $0.4 -$0.1
2490 NTC Equipment Relocations (Perry) $3.6 $3.0 $0.6
3200 Water Cooling System Mods (Atnafu) $0.2 $0.5 -$0.3
3300 Bakeout System Mods CSU (Raki) $0.1 $0.2 -$0.1
3400 Gas Delivery System Mods (Blanchard) $0.1 $0.1 $0.0
4100 Center Stack Diagnostics $0.8 $0.8 $0.0
4500 MPTS VV Modification $0.9 $1.6 -$0.7
4501 Bay A and L RWM Coil (Labik) $0.0 $0.1 -$0.1

1.5 Power Systems $9.4 $11.6 $2.2
5000 CSU Power Systems (Raki) $5.7 $4.7 $1.0
5200 DCPS (Stevenson) $2.5 $4.1 -$1.6
5501 Coil Bus Runs (Atnafu) $1.1 $2.8 $1.6

1.6 Central 1&C $0.9 $1.1 -$0.2

1.7 Project Support & Integration $14.4 $14.7 -$0.4
7100 Project Management & Integration (Strykowsky) $5.8 $7.2 -$1.4
7200 Center Stack Management (Dudek) $1.5 S1.4 $0.2
7300 NB2 Management (Stevenson) $1.5 $0.9 $0.5
7400 Health Physics Support (Stevenson) $2.5 $2.5 $0.0
7710 NSTX-U HP and Other Allocations (Strykowsky) $3.0 $2.7 $0.3
7900 Integrated System (Gentile) $0.1 $0.0 $0.0
8200 CS & Coil Supt Struct Install (Perry) $6.5 $6.6 -$0.1
8210 Field Supervision & Oversight (Perry) $0.0 S1.4 $1.4
8250 Remove/Install Centerstack (Perry) $1.2 $1.7 -$0.5

PMB $77.3 $93.1 -$15.9

Subtotal (TEC + OPC) $77.3 $93.1 -$15.9
Total Contingency (TEC + OPC) $17.0 $1.1 $15.9
Total Project Cost $94.3 $94.3 $0.0

Table 5.2-2 Comparison of the project baseline to completed at the cost account level
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PROJECT ID MIE-NSTX-U
PROJECT NAME NSTX Upgrade
PROJECT LOCATION PPPL
TOTAL PROJECT COST ($K) $94,300

DESCRIPTION OF PROJECT AND
UNIQUE FEATURES

The scope of the NSTX Upgrade Project includes design, fabrication, installation, and integrated system
testing of both a new and more robust center coil and the addition of a second neitral beam heating system.

DATE OF COST ESTIMATE

January-2012

Cost Categories| Project $(K) | Non-Project $(K) Comments

Engineering $18,659

Design (A/E, tech specs.; conceptual,

preliminary, and final design; as-built ves hd ‘No hd Conceptual, preliminary and final design. Cost estimated based on resource loaded

drawings, etc.) schedule with 10% estimated contingency draw down added.

Value Engineering Yes v |No hd

Design Reviews Yes ¥ [No ¥ ||CDR, PDR, FDR, Peer reviews

Design Support (i.e., soil testing, vibration Yes v [N v

testing, seismic analysis, etc., needed for

design)

Other (specify) Yes ¥ |No ¥ ||Includes Title III engineering, necessary R&D development and prototyping
Management $12,200

Design Management Yes ¥ | No ¥ |Cost based on ACWP and ETC for Cost Accounts 7100, 7200,7300,7710

Construction Management Yes ¥ | No ~

Project Management (cost estimating,

scheduling, project controls, risk assessment, | Yes v |No v

etc.) Includes cost for non=project initiated reviews

No v [No w || QA, Accounting, Procurement, Safety, ES&H, Environmental are indirect cost

QA Inspection/testing/acceptance/etc. ificluded in all cost elementsias part of PPPL overhead.

Procurement and Contracting No v [No %%

Legal, Accounting, Real Estate No v |No &

Other (specify) No | No hd

QA, Accounting, Procurement, Safety, ES&H, Environmental are indirect cost

ES&H $0 included in‘all cost elements as part of PPPL overhead.

Environmental Permitting No v [No %

Safety documentation No ¥ N hd

Safety Inspection No v N hd

Security No w |No v

Other (specify) No ¥ | No hd

Procurement, Refurbishment, and Testing. Includes cost accounts 7900

Construction/Fabrication $62,341 startup

Building & Land No > No v

Special Equipment (i.e., microscopes,probes, | Yes w [ No v

instruments, detectors, etc.)

Standard Equipment (i.e., furniture, office

equipment, benches, kitchen equipment, Yes v [N v

audio/visual, etc)

Demolition/Disposal No v N hd

Research and Development (R&D) No v N ¥ JJR&D included under engineering

Commissioning and Testing Yes v |No hd

Other (specify) No ¥ |No hd
Contingency Remaining $1,100

Total $94,300 $0

CD Planned or Actual Dates

Comments

Critical Decision-1

April 2010 (A)

Critical Decision-2 December 2010 (A)
Critical Decision-3 December 2011 (A)
Critical Decision-4 May-2015

Table 5.2-3 EDIA Cost Compared to Construction. Note due to the difficulty in segregating these
cost within each control account the engineering cost was estimated based on the baseline
resource loaded schedule plus a factor for contingency application.
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5.2.1 Contingency

The amount of contingency established at the beginning of the project was based on a risk
assessment performed as part of the cost estimating process. Total cost contingency included 3
elements: 1) a task-by-task subjective contingency assessment for unknowns and uncertainties; 2) a
weighted assessment of tabulated risk events, and; 3) schedule contingency applied to
accommodate potential project stretch-out (a.k.a. “standing army”cost). Schedule contingency (in
months) was calculated by applying the task-by-task contingencies to the task durations to calculate
the longest path within the project. This was offset partially by the option of using second shift and
overtime to maintain schedule. The initial project contingency level was approved by the Associate
Director for Fusion Energy Sciences as the Acquisition Executive for NSTX Upgrade Project at
CD-2 as part of establishing the overall cost and schedule baseline. The basis for the risk events
were based on the project risk registry shown in Appendix E.

Contingency

End of Fiscal % Project remaining

Year Complete TPC ($K) | ACWP (SK) (SK) ETC ($K)
FY 2010 18% $94,300 $13,816 $17,000 $63,484
FY 2011 27% $94,300 $21,589 $15,330 $57,381
FY 2012 52% $94,300 543,081 511,894 $39,325
FY 2013 72% $94,300 $63,402 $6,673 $24,225
FY 2014 94% $94,300 $86,898 $1,842 $5,560

31-March-2015 99% $94,300 $92,335 $1,965 $850

Figure 5.2-4 Summary Contingeneyghistory as‘function of project percent complete. Contingency
drawdown defined as documented ECP’s'and cost Variances (or simply TPC-EAC).

NSTXU Project Contingency History
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Figure 5.2-5 Contingency usage trend plot as function of project percent complete.
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5.3 Schedule Baseline

The NSTXU Project was completed in April 2015 approx 5 2 months ahead of schedule. Table
5.3-1 shows the project milestones per the Project Execution Plan (PEP).

Schedule at Months
Level |Milestone CD-2 (per | Actual | ahead/
PEP) (behind)
Levell  Receive CD-0 Approval - Feb-09
Levell  Receive CD-1 Approval - Apr-10
Level Il Project Preliminary Design Review - Jun-10
Level Il Neutral Beam #2 Decontamination Program Complete - Nov-10
Level | Receive CD-2 Approval Jan-11 Dec-10 1.3
Level Il Project Final Design Review Sep-11 Jun-11 33
Levell  Receive CD-3 Approval Jan-12 ) Dec-11 1.4
Level Il Friction Stir weld Coil Leads TF Conductors Jun-12 3)
Level Il NSTX Complete Operations Jul-12 Sep-11 10.9
Level Il Begin Upgrade Outage Aug=12 Sep-11 11.6 (1)
Level Il Begin Inner TF Quadrant Fab (Apply Turn Insul #1 Quad) Apr-13 Jun-12 10.5
Level Il Award Neutral Beam (NB) Vessel Cap Jun-13 Feb-11 28.5
Level Il Complete Assy and Pot Of 4th Inner TF Quadrant Oct-13 Jun-13 4.8
Level Il Complete Fabricate & Test Inner TF/OH_Coil Assy Jul-14 Jul-14 0.3 ©)
Level Il NB Cap Installed Oct-14 Jan-13 21.9
Level Il Lift In New Centerstack Jan-15 Oct-14 3.7
Level Il Complete ISTP Aug-15 Apr-15 4.0
Level Il Resume Operations Sep-15 Apr-15 5.0
Levell CD-4 Sep-15 Apr-15 5.0

Table 5.3-1 Project Milestones

It should be noted that the pteject began the upgrade outage ((1) level II milestone) on
September 2011 11.6 months ahiead of schedule AND ahead of CD-3. This acceleration was a
result of NSTX operations being curtailed due to an inner TF coil failure. The start of the outage
ahead of CD-3 was approved by DOE (ECP-004) and consisted of hardware removal tasks only.

(2) The level II milestone “Complete Fabricate & Test Inner TF/OH Coil Assy” occurred on July
2014. Its original baseline date was June 2014 but its slippage was anticipated therefore the
milestone date was rescheduled by one month as documented in ECP-114.

(3) The level II milestone “Friction stir weld Coil Leads TF Conductors” had been planned to be
a stand-alone subcontract. The scope for this work was actually added to the overall Inner TF
machining subcontract which was award to Major-Tool and Machine in August 2011.

Figure 5.3-2 is a high level summary schedule showing Level I milestones, and tasks. The large
bars represent the baseline schedule at CD-2 and the narrow lines show actual completion dates.
The critical path is shown as pink/red and the non-critical path shown as blue. As had been
predicted the critical path was the fabrication and assembly of the center stack magnet assembly.
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The schedule stretch-out was the result of vendor challenges in machining the inner TF
conductors as well as the additional time for PPPL technicians to assemble and test the magnets.
Fortunately, the highest risks, TF & OH coil VPI operation, were successfully averted.

NSTX-U Summary Schedule
FY 2009 FY 2010 FY 2011 FY2012 FY 2013 FY 2014 FY2015
O‘N‘D‘J‘F‘M‘A‘M‘J‘J‘A‘S O‘N‘D‘J‘F‘M‘A‘M‘J ‘J ‘A‘S O‘NJQLJ ‘F‘M‘A‘M‘ J ‘ J ‘A‘S O‘NJQLJ ‘ F‘M‘A‘M‘ J ‘ J ‘A‘S O‘N‘D‘ J ‘ F‘M‘A‘M‘J ‘J ‘A‘S O‘N‘D‘ J ‘ F‘M‘A‘M‘ J ‘ J ‘A‘S O‘N‘D‘ J ‘ F‘MJALM‘ J ‘ J ‘A‘S
Milestones CD-0 CD-1 CD-2 CD-3 CD-4
Center Stack
CS Plasma Facing Compol -“-1
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Tile Machining & Diag Instl ]
TFIOH Center stack fab Inner TF Conductor Extrusions F_
Machining and FSW
Inner TF Assembly
TFIOH Fabrication —
Final CS Assembly & Test! —
Electrical Power Systems Electrical Power System‘s Installation! e —
1
1
1
Machine Assembly Equipment Removﬁ i i
Structural Mods‘ I '
Re-Instl Equipt:
b1 |
Remove Existing CS ] Install New CS f—
i Close Vsl & Pump down -
| | pTp g kTP |f (D4 wmm (D4
i nstall Armor EF'"!V Lgtg
Neutral Beam E---- Relocatc-gI Beamline gmmn Finish Finish
Design . =
Vac Vsl Mofiifications Bay K & L ™=——m—
Decon 2nd NBq Beamlin&I Services ; | 1‘
|
Refurbish & Test BL Components Fab & Instl ?SE""'
FY 2009 FY 2010 FY 2011 FY2012 FY2013 FY 2014 FY 2015
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Figure 5.3-2 Summary Schedule

54 Work Breakdown Structure

The following is the Level Il Work Breakdown Structure (WBS) for the NSTXU project. This is
the same as established for the original construction of NSTX in 1999. The NSTXU Upgrade
required changes to a subset of this scope. The detailed NSTXU WBS dictionary (Level II) is
shown in Appendix A with the WBS elements that required changes highlight in yellow (along
with their Control Account (CA)).
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NSTXU Level IT WBS

Title

Description

1.1 Torus Systems

The torus systems include all the systems and related elements within the boundary of
the NSTX support structure. This WBS element includes the Plasma Facing
Components (WBS 1.1), Vacuum Vessel & Support Structure (WBS 1.2), and Magnet
Systems (WBS 1.3). The scope of the work contains engineering design, R&D,
mockups, procurement activities, and component fabrication. Assembly of the Torus
System is included in WBS 1.8.

1.2 Plasma
Heating and
Current Drive
Systems

The heating and current drive systems include all the auxiliary plasma heating and
current drive systems. This WBS element includes the High Harmonic Fast Wave
(HHFW) Current Drive System, the Coaxial Helicity Injection (CHI) Current Drive
System, the Electron Cyclotron Heating (ECH) System, and the Neutral Beam Injection
(NBI) System. Only ECH (WBS 1.2.3) and Neutral Beam Injection (WBS 1.2.4) are
impacted by the NSTX Upgrade Project. The scope of the work contains engineering
design, R&D, mockups, procurement activities, component fabrication, installation, and
System Testing. Installation of the WBS 2 systems is included in the individual WBS 2,
level 3 elements.

1.3 Auxiliary
Systems

This WBS element includes the Coolant Systemsjthe Bakeout Heating System, Gas
Delivery System and the Glow Discharge Cleaning System. The scope of the work
contains engineering design, procurement activities, component fabrication, and System
Testing. Installation of the WBS 3 systems is included in‘the individual WBS 3, level 3
elements.

1.4 Plasma
Diagnostics

The Plasma Diagnostics provide information,on discharge parameters to characterize
NSTX plasmas and guide its' @peration for optimized performance. The near term
emphasis will be on detailed measurements of plasma profiles, using equipment
presently available at PPPL. The lohg term objective will be to provide input for
advanced plasma centrol systems, using new concepts and systems developed by the
national NSTX team.

1.5 Power
Systems

The Power Systems WBS,element includes the engineering, design, prototyping,
procurement and installation of all the systems and related elements that provide
conditioneédielectrical power and energy to the NSTX systems. It includes the AC
Power Systems,ithe AC/DC Convertors, the DC Systems, the Control and Protection
System, .and System Design and Integration as well as the coil bus runs..

1.6 Central
Instrumentation
and Controls (I&C)

This upgrade will be capable of producing plasmas on the order of 6.5 seconds; to-date
they are less'than two seconds. For dozens of CAMAC and PC-based data acquisition
systems this will require an upgrade, and, in some cases, replacement. The real-time
plasma control system will require an upgrade to accommodate additional input/output
signals, control loops, and a longer control period. The networks and analysis pool
computers will need to be upgraded to achieve reasonable performance for time-
sensitive functions. Some test cell racks will be relocated; there will be a modest effort
required to route the control, timing, and communication cabling and qualify the
systems.

1.7 Project Project support and integration includes the non-hardware related subsystems such as
Support & overall Project Management and Administration, Project Physics as well as Integrated
Integration Systems Testing support.

1.8 Site Site preparation and torus assembly includes modifications to the existing NSTX Test
Preparation and Cell components and subsystems and the assembly and installation of all Torus
Assembly Systems (WBS 1.1). Modifications to other PPPL facilities, components, and

subsystems outside the NSTX Test Cell and the assembly and installation of non-torus
components and subsystems are included in the individual components and
subsystems.
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5.5  Funding Profile

Tables 5.5-1 through 5.5-3 represent the Baseline funding profile, actual funds received and
actual cost. DOE had provided accelerated funding starting in FY 2011 primarily to support the
acceleration of the machine outage. The machine outage acceleration was a result of the FY 2012
run period being curtailed due to a failure of the existing inner TF conductor which was deemed
to be unrepairable.

Table 5.5-1 Funding Profile Approved at CD-2 ($M)

FY 2009 FY2010 FY 2011 FY2012 FY2013 FY 2014 FY 2015 Total ($M)
OPC $5.1 $5.6 $10.8
TEC $2.7 $9.6 $14.6 $25.3 $27.5 $3.8 $83.5
TOTAL $5.1 $8.3 $9.6 $14.6 $25.3 $27.5 $3.8 $94.3

Table 5.5-2 Actual Funds Received ($M)

FY 2009 FY 2010 FY 2011 FY 2012 FY 2013/ FY 2014 FY 2015 Total ($M)
OPC $5.2 $5.4 $0.1 $10.8
TEC $3.6 $9.8 $20.4 $22.8 $23.7 $3.3 $83.5
TOTAL $5.2 $8.95 $9.9 $20.4 $22.8 $23.7 $3.3 $94.3

Table 5.5-2 Actual Cost,($M)

FY 2009 FY 2010 FY 2011 FY2012%,FY 2013 FY 2014 FY 2015 Total ($M)
OPC $5.1 $5.6 $0.0 $10.8
TEC $2.7 $7.6 $21.9 $23.2 $20.7 $6.3 $82.4
TOTAL $5.1 $8.32 $7.6 $21.9 $23.2 $20.7 $6.3 $93.2

Incremental

$S30
e CD-2 Baseline

$25 == BA Provided /\

e Actual Cost %ﬂ\
$20 / \
$15

$10

S5

SO T L] L] L] T T 1
FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
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$3.500 NSTX-U Cost and Budget $105,00

FY 2015 ($M) BA Profile - $100,00
(incl contingency) - $95,000

FY15 Budget = 7.4 ——
5 Budge S —

$3,000 | Actual cost through March = $5.4 $90,000
Remaining Funds = $1.9 | 385,000
emaining Funds = . L $80,000
$2,500 |- ETC= $0.9 i - $75,000

Contingency remaining= $1.1 ETC ]

- $70,000
- $65,000
$2,000 $60,000
($K) | (K0
F $ou,uu0
$1,500 $45,000
I $40,000
- $35,000
$1,000 $30,000
- $25,000
- $20,000

$500 - $15,000
Actual Cost

- $10,000
- $5,000
$0

$0 =3

ZZ
g3

FY2009 | FY2010 | Fy2011 | FY2012 | FY2013 | FY2014 | FY2015 |

Table 5.5-4 Shows project actual cost detail as compared to the Available project BA.
5.6 Staffing Profile

Figure 5.6-1below shows the actual project FTE profile by fiscal year.

Subcontractors and hourly consist§ of engineers, designers, and technicians as required to
supplement PPPL staff. Excluded are fix@d,price subcontracts for Davis —Bacon work.
Scientist/Researchers provided consultation during the project and were paid by NTSXU
Operations. Important centributions wereprovided by PPPL Procurement, QA/QC, Safety,
ESU, and the Engineering, front Office whose cost was not directly charged to the project but
recovered as part of the PPPL overhead.

Actual Staffing Profile (FTE's)

90 B Subcontractors &
80 Hourly
70 # Technicians
60 H I —
“ 50 | 1 B Health Physics
w
T 40 1 i I

M Designers

% ] | |
.
20 —— H --i .
P e e Engineers

10 e

T T T T T 1
FY FY FY FY FY FY FY
2009 2010 2011 2012 2013 2014 2015

B Administrators and
Project Support

Figure 5.6-Actual project FTE profile by fiscal year.
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5.7

Environmental Requirements/Permits

A NEPA determination as a Categorical Exclusion under 10CFR1021, Category B3.13
(Magnetic fusion experiments, no tritium fuel use") was made by the DOE-PSO NEPA
Compliance Officer in March 2009."
Upgrades to the NSTX experiment had been addressed in the NSTX Environmental Assessment
(DOE/EA-1108; FONSI issued 12/8/95), including plasma currents up to 2 MA and pulse

lengths up to 60 sec.

5.8

Safety Record

Table 5.8-1 summarizes the yearly project safety record by organization and type. See
Appendix D for the specific injury data.

Table 5.8-1—Summary of Project Safety Record

Recordable DART
Fiscal Year Hours Recordable | Recordable | TARGET DOE DART DART | TARGET DOE
Worked Cases Rate (General cases Rate (General
Industry) Industry)
FY 2009 31,158 1 6.42 1 6.42
FY 2010 56,154 0 0.00 0 0.00
FY 2011 47,802 0 0:00 0 0.00
a FY 2012 126,200 0 0.00 0 0.00
Q.
= FY 2013 134,855 1 1.48 0 0.00
FY 2014 129,876 2 3.08 1 1.54
FY 2015 () 29,745 1 6.72 1 6.72
2 3
Totallab 555,790 5 1.80 382 3 1.08 228
FY 2009
v FY 2010
% Fy 2011
g FY 2012 NONE
S FY 2013
o
FY 2014
FY 2015

(1)Through 2/1/2015

(2) The "Recordable TARGET DOE (General Industry)" should be changed to 3.8 (see

http://www.bls.gov/news.release/osh.t01.htm for 2013, Construction).

(3) The "DART TARGET DOE (General Industry)" should be changed to 2.2 (see

http://www.bls.gov/news.release/osh.t01.htm for 2013, Construction).
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6.

CLOSEOUT STATUS

As of April 30", 2015, the following is the status of closeout activities.

7.

Planned Planned
Complete—Yes| Completion Remaining
Activity and Description or No? Date? Costs ($K)?
Completion of punch list items No 5/30/2015
Closeout all cost control accounts except Yes
CA7100 for project management
Asjmmlstratwe Clos.eout.—Cost assocnaltefq No 6/30/2015 $90K
with contract and financial closeout activities.
Financial Closeout—will be closed after fiscal No 9130/2015 +/- $50K
year close
Disposition and close open encumbrances No ~~$25K
LESSONS LEARNED

The project compiled and ranked lessonsslessons-learned (LL) into 3 levels. Rank 1 had the most
profound effect on the success of the project or which caused the largest cost, schedule and
technical impact. Level ldLL ate discussed here in this section while the complete listing of LL
are shown in Appendix H. Thesetankings are the subjective opinion of the project manager
Listed below are the top 4 ‘@pportunities and top 3 successes.

Top 4 opportunities:

From the folder of “what would we do different next time” there are 4 major events that stand

out.

1.

Aqua pour affair. A water-soluble casting material, “Aquapour”, was used to maintain a
thermal expansion gap between the center stack TF and OH winding. This process
proved beneficial in winding the CS OH conductor, however, we were not able to remove
the aqua pour as planned due to it being impregnated with epoxy. This setback resulted in
a critical path schedule delay and will impose additional operational considerations. Even
though this event was postulated in the risk registry, we could have excised additional
engineering due diligence to better understand the failure mechanisms that could result in
the aqua pour being non removable. For example; while we did perform two R&D
simulations we did not subject the process to the epoxy impregnation step. This would
have flushed out a failure mode of epoxy migrating into the aqua pour area due to thermal
expansion of the conductor and mold. A better sealing scheme perhaps could have been
envisioned or this may have resulted in the abandonment of the aqua pour technique in
favor of using a different boundary material. We need to better think through technical,
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fabrication and assembly risk and determine engineered mitigation plans. At the very
least we could have had a better understanding of the cost and schedule impacts. It must
also be pointed out that our project’s design underwent multiple external reviews with
many outside labs participating so this is should not be looked at as a failure but an
opportunity to take stock and learn. PPPL has very talented and experienced people
having performed similar operations and fabrication tasks successfully in the past. This is
good and the reason our projects are technically successful. However, experience and
familiarity could easily turn into an air of overconfidence or “trust us we’ve done it
before” mindset. We need to maintain a healthy dose of skepticism in evaluating our
work. For example while we do have good design reviews perhaps we need to
incorporate a failure modes and effects analysis. It’s the underlying human mindset we
must recognize and change.

Results of an independent peer review on the operational impacts of the Aquapour can be
found in appendix L

2. Better balance in assigning CAM's to scope. The centerstack design and fabrication was
assigned to one CAM who was the laboratory's expert ifi‘coil manufacturing. The work
scope should have been distributed to at least 3 CAM'syThe failure to do so led to some
oversights in procurement inspections, timely reconciliation of cooling wave analysis,
more complete field supervision, and support o EVMS CAM duties. The Center stack
WBS relied heavily on one senior CAM wha quickly became overloaded. This led to a
bottleneck in fabrication tooling which requiredia‘lot of attention. Some earlier support
on engineering the tooling might have helped saveizework. Additionally, an overloaded
CAM impacted our schedule since we ténded to focus on the near critical path and big
ticket procurements or those that are teechnically challenging. While this helped us to
successfully navigate the 6 largest risks'on the project (i.e. Vacuum Pressure
Impregnation (VPI) of thedenterstack) thig led to smaller procurements of hardware to
receive less attention until 1tcamestime for assembly. Some of these components had to
be re-worked by PPPL to meet specification which led to internal schedule delays and
diversion of critical staff (i.e. welders, machinists).

e Next time: Ensure CAM’s are not overloaded and adequate staff are assigned for
oversight and supervision. Ensure PPPL QC has adequate resources to support the
receipt inspection process.

3. Procurement: We were reminded to “trust but verify” our new vendors especially before
awarding multiple procurements. There were some components that required welding of
pieces that were pre-beveled (a.k.a. weld prepped). We did not require a hold inspection
on these components and the vendor proceeded to weld the joints without pre-inspection.
Once the hardware was received and inspected by PPPL, we discovered that the material
welded had not been properly prepared. PPPL had to grind away and re-weld
questionable joints. (see Appendix H lessons learned for detail discussion)

e Next time: Ensure inspection hold points are written into contracts for all critical
welds but especially with new vendors.

4. Loss of key personnel: Loss of our DCPS CAM (due to his sudden death) as well as the
temporary loss of the Magnet CAM (due to lengthy illness) resulted in impacts to the
project schedule as other stepped up to “fill-in”. The secondary imp[act was an increase
in project cost as lesser experience personnel took longer to come up to speed and carry
on the work.
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e Next time: Cost and schedule risks for loss of key personnel must be more thoroughly
analyzed.

Top 3 Successes:
From the folder of “let’s not forget” there are 3 major successes that stand out.

1. Safety: The attention to worker safety resulted in only 5 minor reportable minor injuries
in over 550,000 hours worked. While we have a robust safety organization and up front
Management buy-in, it came down to people not taking risks or short cuts in the name of
schedule or cost. The safety culture at PPPL is one of its strongest assets.

2. Supervision: Work control center provided real value in establishing daily
communication and coordination of field activities. Support needs (QC weld inspections,
Safety support for walk downs, Health Physics) were determined in this daily 10 minute
meeting. This process was established during the TFTR D&D project which was
successful in finishing safely on schedule and $3.6M under budget.

3. Technology Risk: Technology Risk: The project was not risk adverse on employing new
processes or technologies to provide engineering solutionsy The project utilized 7
fabrication and assembly techniques that benefited the construction of the new center
stack magnet and vessel upgrade; (Ref Appéndix K. for detailed presentation)

1. Friction stir welding of copper was usedito join high strength to high conductivity
copper grades in the TF center bundle conductors.

2. A new non-ionic soldering process,was developed.

3. Wire Electric Discharge Machining{EPM) was used in the manufacture of the
critical TF High-Current Connector.

4. A carefully planned Vacuum Pressure Impregnation (VPI) process with hard
metal molds were used to assure the strength and electrical integrity of the center stack.
5. Cyanate Ester / Epoxy Resin was chosen because of its maintenance of strength at
elevated temperature.

6. Electron'Beam Welding was used to manufacture the TF Lead Extensions and
Passive Plate expansion connectors.

7. A water-soluble,casting material, “Aquapour”, was used to maintain a thermal

expansion gap between the center stack TF and OH winding. This process proved
beneficial in winding the CS OH conductor, however, we were not able to remove the
aqua pour as planned due to it being impregnated with epoxy. This setback resulted in a
critical path schedule delay and will impose additional operational considerations. This
presented PPPL with a sobering lesson learned opportunity. See next LL below.
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8. PHOTOS

Overview of NSTXU Test Cell — Erik Perry

October 2013
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1.1 Torus Systems
1000 CSU Analytical Support — Pete Titus
Calculations required to form the basis for designs
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1001 CS Plasma Facing Components — Kelsey Tressmer
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Plasma Facing Component (PFC) tiles installed on the centerstack casing
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1002 Passive Plate Analysis & Upgrade — Neway Atnafu

« Challenge: The existing secondary
plates in the Bay A/L. were weakene(
by the thermal cycle during brazing.

» Hardness and tensile test results
confirmed that these plates are
significantly weaker than the standai
plates.

— Standard (unbrazed) plates = 57 ksi
(tensile strength)

- PCHERS Passive Plate braze joint=7 |
— Electron beam weld joint = 40 ksi
— E-beam Heat affected area = 57 ksi

A new Design used E-Beam welding to join
the passive plates to the jumpers

N

Srazed Joint
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1200 Structures & Supp — Mark Smith

Reinfarcement of dome rib welds with gusseting

New Umbrella Legs

New Sironger Sliding Foot
New Umbrella Reinforcement

pw Aluminum block
reinfarcements

New Clevis Supports

OTF Weldments

Mew Links and Rod Ends

OTF Outer Ring / Links
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1200 Structures & Supp (continued)

New Internal Umbreilla
Reinforcement

More robust umbrella legs designed
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1300 Center Stack
1301 Outer TF Coils

Two new outer TF coils fabricated and installed
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1302 Center Stack Assembly

See Section I for detail photos on the Centerstack Fabrication and

Assembly
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1.2 Plasma Heating
2300 ECH Analysis — Pete Titus
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2420 2nd NBI Sources — Tim Stevenson
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2425 BL Relocation — Mark Cropper

NBI BL Alignment
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2425 BL Relocation (continued)

i

High Voltage Enclosures (HVE’s) Relocated

Transmission Lines Installed

April 2015
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2430 2nd NBI Decontamination — Tim Stevenson
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2450 2nd NBI Services — Mark Cropper

NBI Deionized Water Piping Installed
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2460 2nd NBI Armor — Kelsey Tressmer

NBI Armor Installed
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2470 2nd NBI Power — Raki Ramakrishnan

Power CW,TTC to NTC Installed
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2475 2nd NBI Controls — Mark Cropper

N ||
1 :‘ki

I.

pl Center,and wiring updated

PLC Gallery Racks, Chassis, software, Cabling Completed
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2480 2nd NBI/TVPS Duct — Mark Cropper

NBI Duct Installed
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2485 Vacuum Pumping System — Bill Blanchard, Mark Cropper

Torus Vacuum Pumping System Installed
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1.3 Auxiliary System
3200 Water Cooling System Mods (Atnafu)
3300 Bakeout System Mods CSU (Raki)
3400 Gas Delivery System Mods (Blanchard)
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1.4 Plasma Diagnostics — Bob Kaita

Mirnov Coil

Mirnov coils and Rogowski coils installed into the PFC tiles
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4100 Center Stack Diagnostics
4500 MPTS VV Modification
4501 Bay A and L RWM Coil (Labik)

‘)
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1.5 Power Systems
5000 CSU Power Systems (Raki)

Fiber Optic DCCT for TF
Current

Surplus PLT TF Coils
installed for use as DC
CLR for upgrade
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5200 DCPS (Stevenson)

DCPS Autotester Inter Panel
Allows local ing of DCPS code

VN

Local code and AT tasting began in
FCC in Spring

Continued in Junctlon Area this
SLUrmimer

Then raturned to FCC this Fall for
remoie lesting

Well over 1500 test shots performed
Data archived and reviewad
Operator Log kepf fo track lssues

Bugzilla used to collect punch list
flems

Testing of DCPS with Autotester
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Board testing and bench testing of ardware

Junction area DCPS hardware user interface installed
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5200 DCPS (Stevenson)

HECS Inferfaom lesting f
ks * g

AT

o Firsfl wee of CPS-
JA wllT ha I
augport of moiifiar

FTlahalla] diammy load

rasfing waing OV

OCPE AT compuinr and Ff limits
Expariance will be
DCPERTY compuler paoed with
aparaiilty and
Dot Servey aparaliong
prafocols grior io
IETP avid CO-1
LPs

Redundant code using PCS inpuis from FPDP data siream
Set slightly more resirictively than DCPS-JA to avoid L1
Same core code in both locations

DCPS core software testing completed

DCPS PCS Integration in progress

Testing found OS5 kemal problem
Concurrent computer oul for recovery
DCPS foc running on “Warthog" for tesling

On track for CD-4...
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5501 Coil Bus Runs (Atnafu)

Inner TF bus bar

April 2015 Page |49



1.6 Central 1&C
6100 Control Sys Data Acquisition (Sichta)
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1.8 Assembl
8200 /8250 Machine installations and assembly — Erik Perry

Outer TF to Umbrella connection = New outer TF coil being installed
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8200 /8250 Machine installations and assembly — Erik Perry (continued)

Umbrella legs upgraded from 5/8” to 2” thick

8200 /8250 Machine installations and assembly — Erik Perry (continued)
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New Centerstack installed

9. PROJECT DOCUMENT ARCHIVES AND LOCATIONS
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Project documents are archived in the NSTXU database at http:// http://nstx-upgrade.pppl.gov/

Please contact Steve Langish or Ron Strykowsky for assistance

Steve Langish Ron Strykowsky
609-243-3484 609-243-2674
slangish@pppl.gov rstrykow@pppl.gov
Princeton Plasma Physics Laboratory
P.O. Box 451
Princeton, NJ 08543-0451
GPS: 100 Stellarator Road
Princeton, NJ 08540 U.S.A.
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Appendix A

Detailed WBS Dictionary

WBS Element: 1 WBS Level: 1
WBS Title: NSTX Upgrade Project
Definition:  The replacement of the entire Center Stack Assembly (CSA) and installation of a

second Neutral Beam Injection (NBI) system on NSTX is planned to allow an
improved understanding of the Spherical Torus (ST) magnetic confinement
configuration which is needed to establish the physics basis for next-step ST
facilities, broaden the scientific understanding of plasma confinement for ITER,
and maintain U.S. world leadership in ST research capabilities. In particular,
operation at higher magnetic field with reduced plasma collisionality is needed to
extend the plasma physics understanding of the ST toward next-step ST facilities
and ITER. Controllable fully-non-inductive cufrent-drive will also contribute to
assessing the ST as a potentially cost-effective path to fusion energy.

WBS Element: 1.1 WBS Level: 2

WBS Title: Torus Systems

Definition:  The torus systems include all the'Systems and related elements within the
boundary of the NSTX support'structure; This WBS element includes the Plasma
Facing Components (WBS 1.1), Vacuum Vessel & Support Structure (WBS 1.2),
and Magnet Systems (WBS 1.3). The scope of the work contains engineering
design, R&D, mockups¢ proeurement activities, and component fabrication.
Assembly of the Torus System is included in WBS 1.8.

WBS Element: 1.1.0 WBS Level: 3

WBS Title: Project Integrated Model

Definition: ~ This WBS element includes development of a project integrated model and the

April 2015

associated analysis support of the overall NSTX Upgrade Project.

As a result of the NSTX Upgrade Project, the NSTX global models and analyses
will need to be updated. This WBS element includes analytical support for global
models and analysis not presently identified. The global model will provide the
basis for updating the analysis to qualify components and identify areas of the
tokamak requiring further analysis. Identified plasma scenarios and power supply
current limit analyses will be run in the global model and current sets that require
further analysis will be identified. These analyses also serve to check the results
of more detailed analyses.

{Center Stack Upgrade (CSU) analytical Support (Job 1000)}
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WBS Element: 1.1.1 WBS Level: 3
WBS Title: Plasma Facing Components

Definition: ~ The plasma facing components (PFCs) include all the systems and related
elements that serve to protect the vacuum vessel from the charged particles and
radiation flux from the plasma. These include the plasma facing tiles and
mounting components, passive stabilizers, inner wall protection, divertor area
strike plates, and local I&C. This element consists of the engineering design,
analysis, procurement activities and component fabrication.

The NSTX Upgrade Project will require new PFCs on the new Center Stack
Casing (CSC) and the new Inboard divertor (IBD). This WBS element includes
the design and analysis for both the CS and IBD PFCs, design modifications to
the PFC tiles to accommodate surface diagnostics, including design of the tile
mounting schemes and routing plans for diagnostic wires, generation of required
documentation such as checked calculations, speeifications and procedures, the
procurement and installation of all PFC tiles afd hardware on the CSC and IBD.

{Center Stack Upgrade (CSU) PFCs (Job 1001)}

In addition the NSTX Upgrade will require analysis of the passive plates for
disruption and thermal loads. CDR level calculations were performed that
addressed one of five disruptionsyThe remaining identified disruptions are to be
completed during Preliminary Designaburing Final design, analysis updates are
expected as a result of preliminary design evolution. Modest hardware upgrades
are anticipated as part of'this task."Additions of accelerometers or other
diagnostics to benchmarksealculations with actual performance in NSTX are also
anticipated. This analysis effort is included in this WBS element.

{Passive Plate Analysis and Upgrade Activity (Job 1002)}

With the exception of the modifications identified above, no additional
modifications to the PFCs are anticipated.

WBS Element: 1.1.2 WBS Level: 3
WBS Title: Vacuum Vessel and Support Structure

Definition:  The vacuum vessel & support structure (VVSS) consists of the vacuum chamber,
not including the PFCs, all ports and vacuum boundary closures and the torus
support structure which provides the overall supporting mechanism for the torus
components to the test cell floor. This WBS element includes the engineering
design, analysis, procurement activities and component fabrication.

The NSTX Upgrade Project will require that the existing VVSS be modified to
accommodate the new center stack structure, including the umbrella structure and
the new center stack support structure. This WBS element includes the analytical
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and CAD design of the support structures associated with the Magnet upgrade
activities. The scope includes; the Vacuum Vessel & Structural Support, the Outer
TF Structures, the Outer PF Coil Structures, the Umbrella Structural
Reinforcement, the CS Support Pedestal and miscellaneous Vacuum Vessel
Structural Supports. It also includes the procurement and fabrication of these
structures, but does not include installation costs. Installations costs are included
in WBS 1.8._{Vacuum 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 in€luding 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 0fia new CSA, teplacement of two outer TF coil
legs, and a fabrication of a newy TF€eil joint

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

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

{Center Stack Upgrade Magnet Systems for Conceptual and Prelim Design (Job

1310)}

WBS Element: 1.1.3.1 WBS 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 upper and lower.
There are no changes to the outer PF coils as part of the NSTX Upgrade Project

Scope.

WBS Element: 1.1.3.2 WBS Level: 4

WBS Title:

April 2015

Outer Toroidal Field Coils

Definition:  The outer Toroidal Field coils subsystem consists of the coil

Page |57



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 that will be
removed during the Neutral Beam port upgrade. This coil will then be used as a
spare for future operations 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 by an outside
vendor. This scope does not include costs associated with installation.
Installations costs are included in WBS 1.8

{Outer Toroidal Field Coil Repairs (Job 1301)}

WBS Element: 1.1.3.3 WBS Level: 4
WBS Title: Center Stack Assembly (CSA)

Definition:  The CSA consists of the innetf TEcoil legs, the OH solenoid, the
inner PF shaping coils [PF1a, 1b and 1c], and the center stack casing. Also
included in this WBS element are the TF coil joint (flex bus assembly) and the
ceramic break assembly. The scope ofithis WBS element includes the design,
analysis, prototypes (as required), procutément activities, fabrication and
assembly of the Center Stack.

WBS Element: 1.1.3.3.1 WBS Level: 5
WBS Title: Center Stack - TE Inner Legs/Bundle

Definition:  The TF inner leg subsystem consists of the new coil sections that will make up the
TF inner befeé'and bundle.yAlso included in the scope of this WBS element is the
TF coil joint (flex bus assembly) and testing of the new TF coil joint design.

For the NSTX Upgrade Project a new TF Inner Leg will be fabricated. This WBS
element includesithe design of the TF Bundle, the TF flex bus and flex bus
supports and includes all analytical and CAD design efforts for these components.
It also includes the early procurement of the TF conductor [80 lengths] and
procurement of the TF flex bus and supports. It does not include the
procurement/fabrication of the Inner TF bundle, which is included as part of the
OH procurement in WBS 1.1.3.3.2.

{Inner Toroidal Field Bundle (Job 1304)}

For the NSTX Upgrade Project a test stand to measure the required performance
parameters on the new NSTX TF joint design will be designed and fabricated.
Test parameter measurements and cyclic lifetime tests of the new TF joint
materials will be performed and testing data will be compiled.

{TF Joint Stand & Performance Test (Job 1303)}
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WBS Element: 1.1.3.3.2 WBS Level: 5

WBS Title:

Definition:

Ohmic Heating Solenoid

The ohmic heating solenoid subsystem consists of the new coils that will make up
the center solenoid. This WBS element includes the design, analysis, prototypes
(as required), procurement activities and fabrication.

For the NSTX Upgrade a new OH Solenoid will be fabricated. This WBS element
includes the design & fabrication of a new OH solenoid and associated
components including a Belleville washer spring assembly and support structures
for the NSTX upgrades. It also includes all analytical & CAD design efforts.
Includes advance procurement of the copper conductor and co-wound
[glass/Kapton] insulation. Also includes the procurement of the Micro-therm
insulation, conductive paint.

Includes the in-house fabrication for the combined OH and TF bundle assembly.
A single vendor will fabricate both components.

{Ohmic Heating Solenoid (Job 1305)}

WBS Element: 1.1.3.3.3 WBS Level: 5

WBS Title:

Definition:

Inner Poloidal Field Coils

The inner poloidal/shaping cgils subsystem €ensists of the new coils that will
make up the poloidal field coils IAglB and 1C. This WBS element includes the
design, analysis, prototypes (as teqaired), procurement activities and fabrication.

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

{Inner Poloidal Field Coils (Job 1306)}

WBS Element: 1.1.3.3.4 WBS Level: 5

WBS Title:

Definition:

April 2015

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.
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{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 OH Solenoid 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: 1.2 WBS Level: 2

WBS Title:

Definition:

Plasma Heating and Current Drive Systems

The heating and current drive systems include allithe auxiliary plasma heating and
current drive systems. This WBS element includes the High Harmonic Fast Wave
(HHFW) Current Drive System, the Coaxial Helicity Injection (CHI) Current
Drive System, the Electron Cyclotron Heatiftg (ECH) System, and the Neutral
Beam Injection (NBI) System. Only ECH(WBS 1.2.3) and Neutral Beam
Injection (WBS 1.2.4) are impacted by the NSTX Upgrade Project. The scope of
the work contains engineering design, R&D, mockups, procurement activities,
component fabrication, installationgand'System Testing. Installation of the WBS
2 systems is includedrimythe individual WBS 2, level 3 elements.

WBS Element: 1.2.1 WBS Level: 3

WBS Title:

Definition:

High Harmonic Fast Wave (HHFW)

The High Harmonie Fast Wave System provides radio frequency (RF) energy to
the plasma for the purpose of plasma heating and current drive. The components
of such a system include generators, transmission lines, tuning systems, antennas
and their associated diagnostic and control systems. The system includes
components inside the vacuum vessel (antennas and feed-throughs) in the test cell
(transmission and tuning components) and in the RF power rooms (AC/DC power
conversion system, RF generators, switches and loads). There are no changes to
the HHFW System as part of the NSTX Upgrade Project.

WBS Element: 1.2.2 WBS Level: 3

WBS Title:

Definition:
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Coaxial Helicity Injection (CHI) Current Drive

The Coaxial Helicity Injection System is to provide helicity injection to aid
startup and provide edge current profile control. The main hardware elements
required fall under other WBS’s. These include a ceramic break in the vacuum
vessel (WBS 1.1.3) the poloidal coil system (WBS 1.1.3) and a power supply
(WBS 1.5). In this WBS element the task is to assure that the various components
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of the system are compatible with helicity injection and that the Central I&C
required is provided. There are no changes to the CHI System as part of the
NSTX Upgrade Project.

WBS Element: 1.2.3 WBS Level: 3

WBS Title:

Definition:

Electron Cyclotron Heating (ECH)

The Electron Cyclotron Heating System provides breakdown and startup assist
through an electron cyclotron heating system. The system will be composed of an
AC/DC power conversion system, gyrotron source, transmission system, vacuum
window and launcher. Any ECH specific diagnostics will be included and
interfaced to Central [&C.

This scope of the WBS element for the NSTX Upgrade covers the ECH and other
antenna systems, and miscellaneous diagnostics and components attached to the
vessel which will be affected by the increasesdn EM and 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 modificatioft 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'ealculation — not a review of an existing
calculation as is the case for I[CRH¢

{Electron Cyclotron Heating (Job 2300)}

WBS Element: 1.2.4 WBS Level: 3

WBS Title:

Definition:

Neutral Beam Injection (NBI)

The Neutral BeamdInjection 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" NBL. 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:

Definition:
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NBI Source Refurbishment

This WBS element includes the activities to refurbish three neutral beam ion
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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 WBS Level: 4

WBS Title:

Definition:

NSTX Beamline 2 Decontamination

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.

INSTX Beamline 2 Decontamination (Job 2430)}

WBS Element: 1.2.4.4 WBS Level: 4

WBS Title:

Definition:

NBI Beamline Refurbishment and Relocation

This WBS element includes refurbishment of a EFTR 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 the ion
dump and calorimeter bellows asiequired and refurbishment of the seals,
thermocouple wiring, and bellows (¢aland spool) as needed.

INSTX Beamline 2 Refurbishment (Job 2440)}

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

INSTX Beamline 2 Relocation (Job 2425)}

WBS Element: 1.2.4.5 WBS Level: 4

WBS Title:

Definition:

NSTX Beamline 2 Services

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.

INSTX Beamline 2 Services (Job 2450)}

WBS Element: 1.2.4.6 WBS Level: 4

WBS Title:

Definition:
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NBI Armor

This WBS element includes the design, fabrication, and installation of upgraded
and relocated neutral beam armor including cooling and instrumentation work.
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INBI Armor (Job 2460)}

WBS Element: 1.2.4.7 WBS Level: 4

WBS Title:

Definition:

NBI Beamline 2 Power and Controls

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 HVEs. New Decel
coaxial cables will be installed from the Decel supplies to the Sources. The Arc,
Filament, Magnet, and the 208 feeds, to HVEs 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.

INBI Power System (Job 2470)}

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

INBI Controls & Instrumentation (Job 2475)}

WBS Element: 1.2.4.8 WBS Level: 4

WBS Title:

Definition:

NSTX Beamline 2 Duct & vacuum Vessel Modifications

This WBS element includes the design, and fabrication of all components
connecting the Neutral Beam Box to NSTX, and the connecting ductwork and
modifications to NSTX Vacuum Vessel to accommodate the second beamline.

{NSTX NB2 Duct & VV Mods (Job 2480)}

WBS Element: 1.2.4.9 WBS Level: 4

WBS Title:

Definition:
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NSTX Test Cell Equipment Removals/Relocations

This WBS element covers moving of racks and diagnostics to clear space in the
NSTX Test Cell (NTC) for the second Neutral Beamline. Racks to be removed
and re-installed in a new location are #419, 431-435, 440-445, 447-449, 488.
Racks 456 and 489 will be removed and excess. This scope also includes the
fabrication and installation of five sections of platform at elevation 118' on the
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west side of the NTC to accommodate the racks being re-installed in the NTC.
Racks #441-445 will be relocated to the Gallery east of the NTC. Diagnostics to
be removed are those from the midplanes of Bay J and Bay K as well as those on
the present pump duct. The diagnostics from Bay J will be re-installed ~5"
outboard of their present position. IR windows and the Transmission Grating
Spectrometer will be relocated to the new NB duct. Ion gages, filaments and the
RGA will be relocated to the new pump duct under the NB2 duct. SPRED and
LOWEUS will be relocated to Bay L. The Thomson Scattering Beam Dump
Window will be relocated to between Bays K and L.

INTC Equipment Removals/Relocations (Job 2490)}

WBS Element: 1.2.4.0 WBS Level: 4

WBS Title:

Definition:

Vacuum Pumping System

The Vacuum Pumping System provides the source and distribution of all vacuum
pumping to NSTX. This includes the roughinggpumps as well as the turbo pumps
and any backing pumps to:

e Provide the initial high vacuum environmentiwith minimum impurities for
plasma formation;

e Evacuate the spent plasma constituénts at the end of each pulse prior to the
next plasma pulse;

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

e Provide instrumentation and a Residual Gas Analyzer.

This WBS element alsofin€ludes the controllers for all pumps. The relocation of
racks and control equipment is covered under WBS 1.2.4.9

In order to accommodate the installation of the 2™ 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.

{NSTX NB2 TVPS (Job 2485)}

WBS Element: 1.3 WBS Level: 2

WBS Title:

Definition:

April 2015

Auxiliary Systems

This WBS element includes the Coolant Systems, the Bakeout Heating System,
Gas Delivery System and the Glow Discharge Cleaning System. The scope of the
work contains engineering design, procurement activities, component fabrication,
and System Testing. Installation of the WBS 3 systems is included in the
individual WBS 3, level 3 elements.
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WBS Element: 1.3.2 WBS Level: 3

WBS Title:

Definition:

Coolant Systems

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 requirednodifications to the existing coolant
system. This WBS element will provide water coaling 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:

Definition:

Bakeout Heating System

The bakeout heating system’s function is to bake out the vacuum vessel and
center stack in vacuum components at high temperature while keeping the outer
vacuum vessel wall andyports within cooler design temperature limits. The
system ingludesia pressurized hot water system to maintain the vessel wall
temperatuge, a highypressure hot helium system to heat the in-vessel components,
and a powersupply for resistively heating the center stack walls. The controls and
interlocks for safefoperation of this system are included. This WBS element
includes the engineering design, analysis, procurement activities and component
fabrication.

This WBS element includes the purchase of a new more powerful power supply,
to replace the existing one, to be used for electrical heating of the vessel. It is
proposed to buy a 0-8V, 8000 amps for the application. Suitable cable leads will
be fabricated and necessary interlocks

INSTX CSU Bakeout System Mods (Job 3300)}

WBS Element: 1.3.4 WBS Level: 3

WBS Title:

Definition:

April 2015

Gas Delivery Systems

The Gas Delivery Systems provides storage and delivery of gases to and from
NSTX systems during experimental operations. These systems provide:
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» Storage of on-site inventories of gases for use in NSTX plasma physics
and future neutral beam experiments;

» Delivery of prescribed quantities of gases at prescribed purity levels and
flow rates;

* Delivery of gases continuously or in pulses of prescribed shape and
duration; and

* Evacuation of delivery lines and components required for delivery.

This WBS includes engineering design, analysis, procurement
activities, component fabrication and installation to the coil, bus and component
cooling manifolds at the torus. The relocation of racks, control equipment and
external delivery system is covered under WBS 1.2.4.9.

This WBS element includes the design, fabrication and installation, and test of up
to four center stack fueling lines and modifications of the gas delivery assemblies.

{Gas delivery system modifications (Job 3400)}

WBS Element: 1.3.5 WBS Level: 3

WBS Title:

Definition:

Glow Discharge Cleaning System

The Glow Discharge Cleaning (GDC) System establishes and controls the GDC
process in NSTX. GDC is a made of wacuum conditioning in which the vacuum
vessel internal surfaces are cleaned by the bombardment of ions formed during
the glow process. This'WBS includes engineering design, analysis, procurement
activities, component fabrication and installation of the GDC system. The
relocation of racks and controbequipment is covered under WBS 1.2.4.9. There
are no changesito the Glow Discharge Cleaning system as part of the NSTX
UpgradeProject.

WBS Element: 1.4 WBS Level: 2

WBS Title:

Definition:

Plasma Diagnostics

The Plasma Diagnostics provide information on discharge parameters to
characterize NSTX plasmas and guide its operation for optimized performance.
The near term emphasis will be on detailed measurements of plasma profiles,
using equipment presently available at PPPL. The long term objective will be to
provide input for advanced plasma control systems, using new concepts and
systems developed by the national NSTX team.

WBS Element: 1.4.1 WBS Level: 3

WBS Title:

Definition:

April 2015

Plasma Diagnostics

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:
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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 magnetic 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)}

The increased diameter of the Center Stack'Upgrade requires changes to the laser
beam path, which requires a new laser input vessel penetration, and plugging of
the existing penetration. Incréasing the nozzle diameter of the L port to
accommodate an external laser. dumpyfurnishing a vacuum boundary for the
extension tube. Modifications areto anticipate a third laser in the future and a new
penetration for a FIDA diagnostic above and slightly offset from Bay L. The laser
input location may tequire a special design of the PF coil support column between
Bays F and G

Center Stack Diagnostic Job 4500

WBS Element: 1.5 WBS Level: 2

WBS 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 as well as the coil bus
runs..

WBS Element: 1.5.1 WBS Level: 3

WBS Title: AC Power Systems

April 2015
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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.

AC/DC Converters

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.

DC Systems

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 includes
power cabling changes, DC Reactor changes, associated raceway changes, and
changes required in the Power Cable Termination Structure (PCTS) inside the
NSTX Test Cell.

Power Systems Integration and Testing

This WBS element covers general power systems activities including interaction
with the designers of other WBS elements, designyireview support and procedure
preparations as well as the administrative and supervisory efforts for the NSTX
Power Systems.

INSTX Center Stack Upgrade Power Systems (Job 5000)}

WBS Element: 1.5.2 WBS Level: 3

WBS Title:

April 2015

Control and Protection,System

Definition: ~ The scope of the Control and Protection System WBS element is to
control andiprotectithe power loop components for all magnet circuits. This
includes the design of hardwired interlock system, kirk-keys, real time controls,
the PC Link, Firing Generator, and Fault Detector changes, measurement of
signals, changes to existing coil protection devices and design of a new digital
coil protection system. The Center stack upgrade entails the TF feed to be 1kV,
129.8kA for 7.45 seconds every 2400 seconds. Design shall be such that the pulse
period can be reduced to 1200 seconds. This requires complete redesign of the TF
power system. Replacement of the fault detector (FD) and the Firing generator
(FG) is required for fast and reliable response to fault conditions. The FD and FG
are not included in the project work scope but part of the NSTX Program power
supply reliability future upgrade. The HCS will be upgraded with a PLC. The OH
power supply is designed to have the capability of 6kV, +/-24kA; OH CLRs will
be replaced with calculated optimum requirements. A Digital Coil Protection
(DCP) System will be designed and implemented. A Digital Coil Protection
(DCP) System will be designed and implemented.

INSTX Digital Coil Protection System (Job 5200)}
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WBS Element: 1.5.3 WBS Level: 3
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)}

WBS Element: 1.6 WBS Level: 2
WBS Title: Central Instrumentation and Controls (I&C)

Definition:  This upgrade will be capable of producing plasmas on the order of 6.5 seconds;
to-date they are less than two seconds. For dozens of CAMAC and PC-based data
acquisition systems this will require an upgrade, and, in some cases, replacement.
The real-time plasma control system will requife an upgrade to accommodate
additional input/output signals, control loops, and.a longer control period. The
networks and analysis pool computers will need to'be upgraded to achieve
reasonable performance for time-sensitive functions. Seme test cell racks will be
relocated; there will be a modest effortyrequired to route the control, timing, and
communication cabling and qualify the systems.

{Central 1&C and Data Acquisition (Job 6100)}

WBS Element: 1.7 WBS Level: 2
WBS Title: Project Support & Integration

Definition:  Project suppert and integration includes the non-hardware related subsystems
such as gverall Project Management and Administration, Project Physics as well
as Integrated Systems Testing support.

WBS Element: 1.7.1 WBS Level: 3
WBS Title: Project Management and Integration

Definition: ~ The project management and integration WBS element consists of
all the activities necessary to plan, monitor, integrate and control, and report on
the progress of the NSTX Upgrade Project which includes technical, business,
and administrative planning and support; organizing, directing, coordinating,
controlling, reviewing and approving project actions.

WBS Element: 1.7.1.1 WBS Level: 4
WBS Title: Project Management & Integration

This WBS element includes overall management; a Project Manager, Deputy
Project Manager, and Project Controls support to manage, monitor, integrate,
control, and report on the progress on the NSTX Upgrade. Also included in this
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WBS element is System Engineering support and support for updating of the
General Arrangement Drawings for the NSTX Test Cell as well as funds for
independent reviewers as necessary.

{Project Management and Integration (Job 7100)}

WBS Element: 1.7.1.2 WBS Level: 4
WBS Title: Center Stack Upgrade Management

Definition:  Level of Effort job to cover the oversight of Center Stack Upgrade work which
includes a Manager, Project Engineering support and support and to cover Center
Stack engineer’s time to prepare for and participate in project cost and schedule
reviews.

INSTX CSU Project Management (Job 7200)}

WBS Element: 1.7.1.3 WBS Level: 4
WBS Title: Neutral Beam Upgrade Management

Definition:  Level of Effort job to cover the oversight of the 2™ Neutral Beam Upgrade work
which includes a Manager, Engineering support and support and to cover Neutral
Beam engineer’s time to prepare for and‘participate in project cost and schedule
reviews.

INBI Project Support & Integration (Job 7300)}

WBS Element: 1.7.1.4 WBS Level: 4
WBS Title: Health Physics Support

Definition: =~ This WBS element includes the effort necessary for continuous health physics
(HP) suppait for the Neutral beamline decontamination, refurbishment, and
relocation to'the NTC as well as the HP support for equipment removal and
relocations being accomplished under WBS 1.2.4.

{Health Physics Technical Support (Job 7400)}

WBS Element: 1.7.1.5 WBS Level: 4
WBS Title: Direct Allocations (Job 7710)

Definition:  This WBS element includes the costs to cover Laboratory
Engineering and Scientific Computing and Environmental Services that are
allocated to all Laboratory projects based on their funding levels. Also included in
this WBS element are the home office Health Physics efforts necessary to support
the collection of radiological analyses of various environmental samples and
bioassay samples, and the collection of analyses of data on the gamma radiation
spectra of radioactive material at PPPL that are allocated to all Laboratory
projects based on their usage of Health Physics staff.

April 2015 Page |70



INSTX Upgrade Direct Allocations (Job 7710)}

WBS Element: 1.7.2 WBS Level: 3
WBS Title: Project Physics
Definition:  Project Physics includes the definition of requirements necessary to meet the

overall NSTX mission and supporting objectives, physics analysis supporting the
project's design and construction activities, and definition of R&D needs. In
addition it includes the provision of hardware and software required for plasma
control.

Project Physics is not included in the scope of the Upgrade Project.

WBS Element: 1.7.3 WBS Level: 3

WBS Title:

Definition:

Integrated Systems Tests

This element includes all of the activities associated with the support of
development of all necessary procedures,and documents to support the integrated
tests, and to support performance of the pre-operational integrated system tests
culminating in first plasma.

The WBS element includes Convening the NSTX Activity Certification
Committee (ACC)for comprehensive review the upgrades. Prepare and make
presentation to the PPPL ES&H Executive Safety Board for issuance of
appropriateSafety Certifieate parameters for operation of NSTX with new
enhanced operating capabilities; preparation of documentation (procedures) for
safely integrating the upgrades for operations within NSTX safe operating
parameters; working with NSTX Operations Group for the successful integration
of the upgrades.

{Integrated Systems Test (Job 7900)}

WBS Element: 1.8 WBS Level: 2

WBS Title:

Definition:

Site Preparation and Assembly

Site preparation and torus assembly includes modifications to the existing NSTX
Test Cell components and subsystems and the assembly and installation of all
Torus Systems (WBS 1.1). Modifications to other PPPL facilities, components,
and subsystems outside the NSTX Test Cell and the assembly and installation of
non-torus components and subsystems are included in the individual components
and subsystems.

WBS Element: 1.8.1 WBS Level: 3
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WBS Title: Site Preparation

Definition: ~ This WBS element includes construction of the NSTX machine platform and the
modifications to the NSTX Test Cell. There are no activities in this WBS element
as part of the NSTX Upgrade Project. NTC equipment removals, relocations and
platform modifications necessary to support installation of the 2" NBI are
included in WBS element 1.2.4.2.

WBS Element: 1.8.2 WBS Level: 3

WBS Title: Torus Assembly and Construction

Definition: =~ Torus Assembly and construction includes the assembly and installation of the

April 2015

NSTX torus, coils systems and all associated supports including construction
management. This WBS element includes removal of equipment for clearance
and accessibility, moving existing coils, modifying existing supports mounted on
the vacuum vessel and installing a new external coil support structure.

{Installation of the Coil Support System (Job 8200 LOE tasks & 8210 discrete
tasks)}

Also included in this WBS element is'the témoval of the existing Center Stack
and installation of the NSTX Upgraded Center Stack, followed by closing up the
vacuum vessel, pumping dowhy leak checking, bakeout and machine area scrubs
to be ready for Integrated System Testing.

{CS Removal & Re-Installation/Pumpdown/Bakeout (Job 8250)}
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Appendix B

Detailed Technical Performance Achieved

NSTXU Project Scope Completion Verification

In addition to satisfying the project KPP’s identified in the Project Execution Plan (PEP), both
PPPL and DOE agreed to a format for verifying that all scope called out in the Work Breakdown
Structure (WBS as shown in the PEP) has been delivered.

The methodology that was adopted required each of the Control Account Managers (CAMs) to
review their WBS dictionaries and verify that their project scope had been delivered at the
control account level or indicate what work remained to be delivered and when it would be
completed. In addition, the CAMs verified that the WBS Di¢tionary was accurate, or indicated
what changes would be necessary to reconcile the dictionary and the scope of work delivered.

The forms, called Project Closeout Acknowledgement (PCA) forms, were filled out by the
CAMs and countersigned by their responsible line manager (RCM). Each PCA was then
reviewed and approved by the NSTXU project manager.

Review of this documentation as of indicated that the project scope has been
delivered.

Ron Strykowsky, NSTXU Project Manager Date

Mike Williams, Associate Director PPPL Date

Stewart Prager, Laboratory Director PPPL Date
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NSTX Upgrade Project
Project Closeout Acknowledgement
Ched

Title: Center Stack Upgrade (CSU) analytical Support
[Control Account: 9417-**** 1000

WHS: 1.1.0 {Control Account Manager (CAM): L. Dudek
Beope Description;

This WBS element includes development of a project integrated model and the associnted analysis support
of the overall NSTX Upgrade Project

A e o result of the NSTX Upgrade Project, the NSTX global models and analyses was updated, This WBS
klement included analytical support for global models and analysis nol presently identified, The global model
provides the basis for updating the analysis to qualify components and identify areas of the tokamak
requiring frther analysis, Identified plasma scenarios and power supply current limit analyses were run in
the global model and current sets that required further analysis were identified. These analyses also serve to
check the results of more detiled analyses.

s all work scope for this control account complete per the control account plan?
H Yes ] No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?
. Yes [l No (Describe additions and/or exclusions below)

Acknowledgement| Name Signature Date
y, Dagkadly migned by
Control Account | Larry Dudek AP &~ rr
Manager (CAM) ' 161615 -
Dagiady aignied by
Rﬂpmﬂ bie Line . it " _"l Lantancn E. Dk
Manager (RLM) Loy Dudek B ATy
Reon et e
Project Manager Ron Strykowsky Strykowsky :a:”'k"""""*""'"
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NSTX Upgrade Project

Project Closeout Acknowledgement
Ch-4
Title: {Center Stack Upgrade (CSU) PFCs
(Control Account: 9417 %%** 1001
WHS: 1.1.1 Control Acconnt Manager (CAM): BLT resemer

[Scope Description;

The plasma facing components (PFCs) include all the systems and related elements that serve to protect
the vacuum vessel from the charged particles and radiation flux from the plasma. These include the
plasma facing tiles and mounting components, passive stabilizers, inner wall protection, divertor area
strike plates, and local 1&C. This element consists of the engineering design, analysis, procurement
activities and component fabrication,

The NSTX Upgrade Project required new PFCa on the new Center Stack Casing (CS5C) and the new Inboard
divertor (IBLI). This WBS element includes the design and analysis for both the C8 and IBD PFCa, design
modi fications to the PFC tiles to accommodate surface diagnostics, including design of the tile mounting
pchemes and routing plans for diagnostic wires, generation of required documentation such as checked
calculations, specifications and procedures, the procurement and installation of all PFC tiles and hardware on
the CSC and 1BD,

Is all work scope for this control account complete per the control account plan?
= ves O No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?
O Yes H No (Deserlbe additons and/or exclusions below)

Additional scope covering the upgrade and installation of the Row 1 Outboard Divertor Tiles
was added in response to analyses which suggested that it was possible to run plasma
scenarios where the strike point hit the side of the PF1C canister, a vacuum barrier. The
subsequent design changes to both the Inboard and Outboard Row 1 tiles were needed to
provide thermal shadowing of this affected zone. This work was completed along with the rest
of the 1001 WBS scope.

Acknowledgement) Name Signature Date
Control Account Kelsey Tresemer Kelsey Eﬂ-:-:l:?::.;z:"’?'

Manager (CAM) Tresemer — Tuwefinuie
Project Manager Ron Strykowsky gt?'?knmkr %%%;EF
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NSTX Upgrade Projeci

Project Closeout Acknowledgement
CD4
IControl Account: 9417-**** 1002 Title: Passive Plate Analysis and Upgrade Activity
WHS: 1.1.1 [Control Account Manager (CAM): N Anafu

Bcope Description:

The NSTX Upgrade required analysis of the passive plates for disruption and thermal loads. CDR level
calculations were performed that addressed one of five disroptions. The remaining identified disruptions werg]
completed duning Preliminary & Final Design. Modest hardware upgrades are anticipated as part of this task.
A dditions of accelerometers or other diagnostics to benchmark calculations with actual performance in
PSTX were provided. This analysis effort is included in this WBS element.

Is all work scope for this control account complete per the control account plan?
= Yes O Neo (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?
= Yes [ No (Describe additions and/or exclusions below)

Aﬂnmllld#ntﬂl Name Slgnature Date
Control Account Neway Atnalfu Neway EEL::“E"
Manager (CAM) Atnafu P
Responsible Line = / At _:i:a:-
Manager (RLM) Lamry Dudek - « 4 e S0 17
Ron |
Project Manager Ron Strykowsky Stryk | ::—-m--m...
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NSTX Upgrade Project
Project Closeout Acknowledgement
CD4

EQEM“; 941744441200 Title: Vacuum Vessel & Support Structure
NBS: 1.1.2 [Control Account Manager (CAN): M. Smith

kwpr Description;

The vacuum vessel & suppon structure (VVSS) consists of the vacuum chamber, not mcluding the PFCs, all
ports and vacuum boundary closures and the torus support structure which provides the overall supporting
mechaniam for the torus components to the test cell floor. This WBS element includes the engineering
esign, analysis, procurement activities and component fabrication

I'he NSTX Upgrade Project required that the existing VVS5 be modified to sccommodate the new center
tack structure, including the umbrella structure and the new center stack support structure. This WBS
ement includes the analytical and CAD design of the support structures associated with the Magnet upgrade
ivities. The scope includes, the Vacunm Vessel & Structural Support, the Outer TF Structures, the Outer
F Coil Structures, the Umbrella Structural Remforcement, the CS Support Pedestal and miscellaneous
‘acunm Vessel Structural Supports. [t also includes the procurement and fabrication of these structures, but
Hoes not include installstion coats. Installations costs are included in WBS 1.8 CA 8200,

|Us all work scope for this conirol account complete per the control account plan?
= Yes O No (Describe when the work will be completed)

|Does the WBS dictlonary accuraiely represent the work completed?
= Yes O No (Describe additions and/or exclusions below)

Note: generally speaking, the description above is correct. However, structure / upgrades
needed to the VV due to the 2nd neutral beam was not within the scope of CA 1200 but
included in WBS 1.2 CA 2480. Also, structure / upgrades to the VV andfor diagnostic ports

due to specific diagnostics was not within the scope of CA 1200 but included in WBS 1.4 CA
4500.

MHHIIIII Name Signature D
Control Account | Mark Smith Mark Smith :. prcma &‘.:‘-H-T-E;.
| Manager (CAM) o e
mu-u,
Responsible Line . Pty v
Mamager RLAD | MIVORRR | e
Ron Syt tuinsy

Project Manager | Ron SIVKOWSKY Gty ileowsiey 25 amee cam e
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NSTX Upgrade Project
Project Closeout Acknowledgement

cD-4

Control Account; 9417-****-1300 & 1310

Title: Upgrade Project Deslgn Support {Job 1300)

WEBS: 1.1.3

[Control Account Mamager (CAM): 5 Raflopoulos

Scope Description;

agnel upgrades. CAD design support for individual components is included in the specific ¢om ponent

olhs.

This WES glement provided CAD design support and engineering supervision for the overall assembly
E:.sﬂ-ciatﬁl with the CSA upgrade. It also included time for space allocation studies associated with the

= Vs

Is all work scope for this control account complete per the control account plan?

O No (Describe when the work will be com pleted)

Dioes the WES dictlonary accurately represent the work com pleted?

= Yes O No (Describe additions and/or exclusions below)
Acknowledgements Name Slgnalurn Date
O e e PR
Control Account 5. Rafiopoulos Steve ?:“E:f'f'::"b“'“w"
Manager (CAM) Raftopoulos =5Eremsss
Cagnalky sgned by
Rl'ﬁpﬂtlslhlﬁ' Line . _aF { Lawmance E Dudel
Manager (RLM) | - Dudek o | R
Ron -l i i
Project Manager R Strykowsky Strykowsky e e
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NSTX Upgrade Project
Project Closeout Acknowledgement

CD-4
Control Account: 9417-**=*_1 31 Title: Outer Toroidal Field Coil Repairs (Job 1301)
WEHS: 1132 [Control Account Manager (CAM): 5. Raliopoulos

[Scope Description;

The outer Toroidal Field coils subsystem consists of the coil sections that make up the 12 TF outer legs.
This WBS element included the design, analysis, prototypes (as required), procurement activities and
fabrication. This WES element included the fabrication of (2) new Outer TF coils to replace the existing
leaking OTF#T and OTF#11 that were removed during the Neutral Beam port upgrade. These colls willf
then be used as a spare for Tuture operations in NSTX. The scope included the procurement of
conductor, insulation material, aluminum castings and supports necessary o fabricate a new OTF coils.
(Coil fabrication was performed by an outside vendor, This scope does not include costs associated with
installation. Installations costs are included in WES 1.8

Is all work scope for this control account complete per the control account plan?
= Yo O No (Describe when the work will be com pleted)

Does the WBS dictionary accurately represenl the work completed ?
= Yes O No (Describe additions and/or exclusions below)

Al:h:m:ml:dgemlmtal Name Signature Date
H raF oy bl vl

Control Account 5. Rafltopoulos Steve E.&:‘.‘..:"'ﬁ:.""“

Manager (C AM) Raftopoulos ===cwma s
Digrtalty mgnad biy

Responsible Line # Lavwranca E. Duek

Manager RLM) | DUk e A A

FOJESS Y o e StryKOWSKY i i iam s oo
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NSTX Upgrade Project

Project Closeout Acknowledgement

CD4

Control Account: 9417-****=_1302

Title: Center Stack Assembly (Job 1302)

WHS:1.1.3.3.4

IControl Account Manager (CAM): 5. Raftopoulos

BScope Description;

The Center Stack Assembly effort involved the activities associated with the assembly of the Center
tack and included design modifications and upgrade of the coil assembly stand; procedures for
ssembling the Center Stack and for Installation; assembly of the Center Stack components including
he OH/TF coil supporis, mounting of the OH Solenocid surface diagnostics and thermal blanket, inconel|

sing and inner PF coils and setup and tear down of the Centler Stack assembly area.

N Yes

Is all work scope for this control account complete per the control account plan?
O No (Deseribe when the work will be completed)

= Yes

|Does the WEBS dictionary accurately represent the work completed ?
O Mo (Describe additions and/or exclusions below)

Achwledgumntg Name Signature
Control Account S Raftopoulos Steve ol
Manager (CAM) Raftopoulos s=wemcs
Responsible Line b v A

e il . Liwrsrc s 3 i
Mamsger ®LM) | F P el Y3

Ron R

Project Manager B Strykowsky ABITL Lraterer et

April 2015
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NSTX Upgrade Project
Project Closeout Acknowledgement
cCD-4

Control Account: 9417 ****-1303 Title: TF Joint Stand & Performance Test {Job 1303

WES:1.1.3.3.1 {Control Account Manager (CAM): S. Raftopoulos

|Scope Description;

[For the NSTX Upgrade Project a test stand (o measure the required performance parameters on the
new WSTX TF joint design was designed and fabricated. Test parameier measurements and cyclic
lifetime tests of the new TT joint materials were performed and testing data was compiled. Results were
used Tor the design of centerstack components.

Is all work scope for this control account complete per the control account plan?

. Vs O No (Describe when the work will be com pleted)

Does the WES dictionary accurately represent the work completed?

= Yes O Mo (Describe additions and/or exclusions below)
As:knnwle-ligemm!.‘sl Name Signalure Date
Control Account SRaftopoulos Steve e s
H-'Tﬂ nager {{"Ahn Raﬁﬂpﬂulﬁs b TG ‘5o$l::.l!
Dimtally signed by
RH]’H:IIIPJ]]'E Ij.l]f - ! Liweonis £ Dudak
L Dudek T " Datg ME08 14
Manager (RLM) = A b i
Ron F‘.ﬁ_‘;}__:.'.‘-:‘.:.‘."lf’:;:“
PrDjELt }tanagcr R-ﬂI}rkDHSh‘} Stryko%ky ﬂ-ll':'ll-:.il-l'-lhlfl:- L -
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NSTX Upgrade Project

Project Closeout Acknowledgement
Ch-4
Control Account: 9417 **** 1304 Title: Inner Toroidal Field Bundle (Job 1304)
WBS: 11331 {Control Account Manager (CAMY: §. Raftopoulos

[Scope Description;

For the NSTX Upgrade Project a new TF Inner Leg was fabricated. This WBS element includes the
Eesign of the TF Bundle, the TF flex bus and fex bus supports and included all analytical and CAD
esign efforts for these components. It also included the procurement of the TF conductor [80 lengths]
nid procurement of the TF flex bus and supports. 1t does not include the procurement/fabrication of
ithe OH, which Is included as part of the OH procurement in WHS 1.1.3.3.2.

Is all work scope for this control account complete per the control account plan?

Vs O] No (Describe when the work will be completed)

Does the WES dictionary accurately represent the work completed ?
= Ve O No (Deseribe additions and/or exclusions below)

Aﬂmnwledgtmend Name Signature Date
bl el o L8
Control Account SRaftopoulos Steve st
Manager (CAM) Raftopoulos E¥isssumesa
RHI"DH“‘]IE Line L - JE\EIII:II.Irr:?-n.ﬁIl?IL
Manager (RLM) | 1-Dudek heiay 7k Dew GO
Ron g e
Project Manager B Strykowsky Stryk ky R el e 4.
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NSTX Upgrade Project

Project Closeout Acknowledgement

CD4

Control Account: 9417-****_1305

Title: Ohrme Heating Solenoid (Job 1305)

WES: 1.1333

[Control Account Manager (CAM): 5. Raflopoulos

Bcope Description;

or the NSTX Upgrade a new OH Solenoid was fabricated. This WES element included the design &
abrication of a new OH solenoid and associated components including a Belleville washer spring
biy and support siroctures for the NSTX opgrades. It ako included all analytical & CAD design
fforts. Inclndes advance procurement of the copper conductor and co-wound [glassfKapton] insulation]
Also includes the procurement of the Micro-therm insulation, conductive paint.

Inclades the in-house fabrication for the combined OH and TF bundle assembly.

o Yes

15 all work scope for this control account complete per the control account plan?
O No (Describe when the work will be completed)

[Does the WBS dictionary accurately represent the work completed 7

Y O No (Describe additions andfor exclusions below)

A:knlﬂd!ﬂtmnl Name sl!ntirc

Control Account S Raftoponlos Steve T

Manager (CAM) Raftopoulos ===z

(ruplainy Wl by

Responsible Line Sk - fLamerca £ Dose

Manager ®RLM) | FPUE g/l D
Ron A

Froject Manager R Surykowsky Strvi Ky % :--:::::;-

April 2015
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NSTX Upgrade Project
Project Closeout Acknowledgement
Ch4
Control Account: 9417-****_1306 Title: Inner Poloidal Field Coils (Job 1306)
WES: 1.1.33] [Control Account Manager (CAM): S. Rafl opotilos

ope Description;

he inner pololdalshaping colls subsystem consists of the new colls that will make up the pololdal feld
olls 1A, 1B and 1C. This WBS element Includes the design, analysls, procurement activities and
brication.

For the NSTX Upgrade three new sels of Inner poloidal fleld colls were fabricated and installed. This
'BS element Includes the design and procurement of the Inner pololdal feld colls and supports which
ncludes all analytical and CAD design efforts for these components. [t includes the early procurement
I the PF conductor and co-wound | Glass/Kapton| insulation.

Is all work scope for this control account complete per the control account plan?
W Yes [ No (Describe when the work will be compleled)

Does the WHBS dictlonary accurately represent the work completed ?
o Yes O No (Describe additions and/or exclusions below)

A:Ir.lowlnd!mnlll Name Signature Date

Steve H et o Erfige <o

Fm i Frsins b oy
i

Control Accouni SRallopoulos
e Raftopoulos = iSmms

Manager (CAM)

,Ciagaily sgnud by

Rﬂl‘“ﬂiltﬂf Line - = f Laweanion B Dudab
Manager (RLM) LDudek e R S O

Ron B e it

Project Manager R.Strykowsky Stryk e e I e e

sl
T BN e i R (e RET
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NSTX Upgrade Project
Project Closeoui Acknowledgemeni

Ch-4
Control Account: 9417-****.1 307 Title: C'S Casing (Job 1307}
WES: 1.1.334 Control Account Manager (CAM): 5. Raftopoulos

Scope Description;

This WBS element includes the design and fabrication of the Center Stack casing and ceramic break
ssembly for the upgraded Center Stack as well as the assembly of the new Cenler Stack. The Center
siack 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
procurementTabrication of 4 new ceramic break assembly; the In-house assembly of the casing
components; and mounting of the PF1A and PF1B structure/coils to the casing.

Is all work scope for this control account complete per the control account plan?

W Yes [ No(Deseribe when the work will be completed)

Does the WHES dictionary accurately represent the work completed?
. Yes O No (Describe additions and/or exclusions below)

Ackn urwied!em:ma] Nume Signature Date
Steve g el <o
Control Account 5. Raftopoulos Tarka i L
Manager (C AM) Raftopoulos Efmrwmras
Digelaily sigrwdl by
Responsible Line - / Lnarence E D
Manager (RLM) L Dudek S e g A R:I.?| 3 T]:Idﬂ_:_.l
Ron e
Project Manager R.Strykowsky Strykowsky e P e g
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NSTX Upgrade Project

Project Closeout Acknowledgement
Ch-4

Control Account: 9418-****-2300 Title: Electron Cyclotron Heating (Job 2300)
BS: 1.2.3 [{Control Account Manager (CAM): T. Stevenson

pe Description;
This scope of the WHS element for the NSTX Upgrade covers the ECH and other antenna systems, and
iscellancous diagnostics and components attached to the vessel which will be affected by the increases
E:'.M and thermal loading. Disruption losds on the ECH waveguide were evaluated for the Center
ck Upgrade Fields and field transients. Only disruption qualification caleulations were performed.

s ?ﬂﬂ scope for this control account complete per the control account plan?
Yes [0 No (Describe when the work will be completed)

|Does she WBS dictionary accurately represent the work completed?
Yes O No (Describe additions and/or exclusions below)

Acknowledgemen Name Date

Signature
Control Account | T. Stevenson .75_;47,.., Lo 3/:-5/;?

Manager (CAM)

Mt | teee |/ Sfufffin— | /S
Project Manager | R.Strykowsky 1 " %A?Ag
b F S
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Project Closeout Acknowledgement

NSTX Upgrade Project

CD-4

Control Account: 9418-*%%%.242(0

Title: 2" NBI Source Refurbishment (Job 2420)

WBS: 1242

Control Account Manager (CAM): M.Cropper

Scope Description;

This WBS element included the activities to refurbish three neutral beam ion sources for the 2nd
Neutral beamline, as currently being performed for the installed Neutral beamline 1.

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

April 2015

O Yes [0 No (Describe additions and/or exclusions below)
Acknowledgements Name Signature Date
Control Account M.Cropper
Manager (CAM)
Responsible Line
Manager (RLM) T.Stevenson
Project Manager R.Strykowsky
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NSTX Upgrade Project
Project Closeout Acknowledgement
Ch-4

Title: NSTX Beamline 2 Relocation (Job 2425)
Control Account Manager (CAM): T. Stevenson

Coniroel Account: M418-****.2425

WHS: 1.2.4.4
ope Deseription;
Iso included in WBS element 1.2,4.4 are the efforts necessary to relocate a TFTR nevtral beam line
nd ancillary equipment into the NSTX test cell. This includes High Voltage Enclosures (HVEs) and

the complete beam box and components.

Is Elgll)»rk scope for this control account complete per the control account plan?
Yes [ No (Deseribe when the work will be completed)

Daoes I;.I'w WRBS dictionnry nccurately represent the work completed?
o ] Mo {Describe additions and/or exclusions below)

hclmowhd!-mul Name Date
Control Account T Stevenson r <
| Manager (CAM) -5 f ? / .
Responsible Line i -
Manager (RLM) I Sievenson 3 /Jf ?}f'ﬁ-
A NS
Projeci Manager R.Strykowsky = gl - 7l B
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NSTX Upgrade Project
Project Closeout Acknowledgement

ch-4

Control Account; 9418-***-2430

Title: NSTX Beamline 2 Decontamination (Job 2430)

Control Account Manager (CAM]: T. Stevenson

WEBS:1.2.4.3
Seope Description;

This WBS element included the disassembly and decontamination of a TFTR Neuiral Beam beamline in
preparation for beamline refurbishment and reuse as an NSTX upgrade.

Is all work scope for this control account complete per the control account plan?
e 71N (Desciibs whaa the work will Be ceapletsd)

Does the WBS dictionary accurately represent the work completed?
MYes [ No (Deseribe additions and/or exclusions below)

Acknowledgements Name Signature Date

7 Sloceegn <
Control Account T.Stevenson : i, / / / J
Manager (CAM) v {., 3 ‘3 |
Responsible Line _C% / "N
Manager (RLM) T.Stevenson 7' v - i 9’} A
Projeci Manager R.Sirvkowsky ;@ % / \9 / S—

April 2015
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Ch-4

Control Account: 9418-****.244() Title: NSTX Beamline 2 Refurbishment & Relocation(Job 2440)

WHS: 1.2.4.4 |Control Account Manager (CAM): T, Stevenson

Scope Description;
This WBS element included refurbishment of a TEFTR NBI and its relocation to the NSTX test cell.

’In:lur.lud in this WBS element are the activities necessary to refurbish a TFTR Neuiral Beam beamline

for use on NSTX. This scope included replacing the ion dump and calorimeter bellows and
reflurbishment of the seals, thermocouple wiring, and bellows (cal and spool).

Is all work scope for this control account complete per the control account plan?
34“ 1 No (Deseribe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?
E/\"Es Cl No (Deseribe additions and/or exclusions below)

Acknowledgements| Name Signature Date
Control Aceount T.Stevenson 7:'% PR s* “'} / /9 / e
Manager (CAM) » /] o~
Responsible Line - : J /
Manager (RLM) I'.Stevenson 7,_ g 0 1.’ / 0}/ '5"
Project Manager R.Strykowsky @ E / ':).‘ [ gf

F’ L L}
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NSTX Upgrade Project

CD-4

Control Account: 9418-*%%%-2450

Title: NSTX Beamline 2 Services (Job 2450)

WBS: 1.2.4.5

Control Account Manager (CAM): M.Cropper

Scope Description;

and vacuum lines.

This WBS element included 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,

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

L1 Yes 1 No (Describe additions and/or exclusions below)
Acknowledgements Name Signature Date
Control Account M.Cropper
Manager (CAM)
Responsible Line
Manager (RLM) T.Stevenson
Project Manager R.Strykowsky
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NSTX Upgrade Project

CD-4

Control Account: 9418-*%%*-2460

Title: NBI Armor (Job 2460)

WBS: 1.2.4.6

Control Account Manager (CAM): K.Tresemer

Scope Description;

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

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

April 2015

[ Yes [1 No (Describe additions and/or exclusions below)
Acknowledgements Name Signature Date
Control Account K.Tresemer
Manager (CAM)
Responsible Line
Manager (RLM) T.Stevenson
Project Manager R.Strykowsky
Page |93




NSTX Upgrade Project
Project Closeout Acknowledgement

CD-4
Control Account: 9418-****-2470 Title: NBI Power System (Job 2470)}
WBS: 1.2.4.7 Control Account Manager (CAM): S. Ramakrishnan

Scope Description;

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

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)
Acknowledgements Name Signature Date
Control Account S. Ramakrishnan
Manager (CAM)

Responsible Line

Manager (RLM) T.Stevenson

Project Manager R.Strykowsky
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CD-4
Control Account: 9418-****-2475 Title: NBI Controls & Instrumentation (Job 2475)
WBS:1.2.4.7 Control Account Manager (CAM): M.Cropper

Scope Description;

)Also included in WBS element 1.2.4.7 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.

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)

Acknowledgements Name Signature Date

Control Account M.Cropper
Manager (CAM)

Responsible Line

Manager (RLM) T.Stevenson

Project Manager R.Strykowsky
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Control Account: 9418-#*#=.248() Title; NSTX NB2 Duct & VV Mods (Job 2480)
WBS: 1.2.4.8 Control Account Manager (CAM): T, Stevenson

scope Description;

his WBS element included the design, and fabrication of all components connecting the Neutral Beam
ox to NSTX, and the connecting ductwork and modifications to NSTX Vacuum Vessel to
ceommodate the second beamline,

Is all work scope for this control account complete per the control account plan?

Yes [0 Nao (Describe when the work will be completed)

I)?du: WEHS dictionary accuraiely represent the work completed?
Yes ] No {Describe additions and/or exclusions below)

Acknowledgements Name Signature Date
Control Account | TS &%W ¢ / <
“oniroel Accoun T.5tevenson z / / /
Manager (CAM) 7: -6 E’

e R Y W A Y Y

Project Manager R.Strykowsky M 3 A ‘3 /r

=
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Control Account: 9418-****-2485 Title: NSTX NB2 TVPS (Job 2485)
WBS:1.2.4.0 Control Account Manager (CAM): W.Blanchard

Scope Description;

In order to accommodate the installation of the 2nd NBI on NSTX the Vacuum Pumping System was
modified. This WBS element included 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.

This WBS element also includes the controllers for all pumps. The relocation of racks and control
equipment is covered under WBS 1.2.4.9

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

L1 Yes 1 No (Describe additions and/or exclusions below)

Acknowledgements Name Signature Date

Control Account W.Blanchard
Manager (CAM)

Responsible Line

Manager (RLM) T. Stevenson

Project Manager R.Strykowsky
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CD-4
Control Account: 9418-****-2490 Title: NTC Equipment Removals/Relocations (Job 2490
WBS: 1.2.4.9 Control Account Manager (CAM): E. Perry

Scope Description;

This WBS element covers moving of racks and diagnostics to clear space in the NSTX Test Cell (NTC) for the
second Neutral Beamline. Racks to be removed and re-installed in a new location are #419, 431-435, 440-445, 447-
449, 488. Racks 456 and 489 will be removed and excess. This scope also includes the fabrication and installation
of five sections of platform at elevation 118' on the west side of the NTC to accommodate the racks being re-
installed in the NTC. Racks #441-445 will be relocated to the Gallery east of the NTC. Diagnostics to be removed
are those from the midplanes of Bay J and Bay K as well as those on the present pump duct. The diagnostics from
Bay J will be re-installed ~5" outboard of their present position. IR windows and the Transmission Grating
Spectrometer will be relocated to the new NB duct. Ion gages, filaments and the RGA will be relocated to the new
pump duct under the NB2 duct. SPRED and LOWEUS will be relocated to Bay L. The Thomson Scattering
Beam Dump Window will be relocated to between Bays K and L.

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

[ Yes [1 No (Describe additions and/or exclusions below)

Acknowledgements Name Signature Date

Control Account E.Perry
Manager (CAM)

Responsible Line

Manager (RLM) T. Stevenson

Project Manager R.Strykowsky
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Control Account; 9417-**** 3200 Tlile:
W BS: 1.3.2 [Control Account Manager (CAM): N, Atnafu
Scope Description;

The Conlunt System provides cooling wator (0 remove beat genersted from NSTX systems during experimental operations
Thie gywhems imclude the:

Ir TF/PF bus and cail cooling waia® systom
* Center stack cooling water system:

o Companent cooling waler system and ihe
d COhmie heatlng conling water systom .

These systom s will provide cosling wster Tor normal operations and discharge cleaning of (he vacoum vessd. This WBS
fnclades mglnerring desden, analysls, procurement activitles, componmmi fabrication and bnstallation to the coll, biis and

womn ponenl cooling manifolds o (he forus,
The new Covter Siack on NSTX requived modifications to the existing coolani system . This WBS element provides water

wonling services Go the new Conter Stack snd ancillary equipm et o the NSTX test cdl

Is all work scope for this control accountl complete per the control account plan?
= Yes O Mo (Describe when the work will be com pleted)

Does the WHES dictionary accurately represent the work completed ?
H Yes [ No (Describe additions and/or exclusions below)

Ackn nwledgtmmul Name Signalure Date
et s prgrad g emay b
Control Account N. Atnafu ;lev.rfay' ﬂ':.":m::‘.t"‘;aﬁ.'\""‘
Ma nager (CANM]) tnafu D 300004 1 002 Y0 b
Dugitally sgned by
Responsible Line 5 = 0/ Lwwmnce = Dudel
P‘hnwr {HI ;M] L Dudek SR g A I;t‘:l i_q:a:l{(llr
Ron Bty
Project Manager R.Strykowsky Strykowsky el s
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CD-4
Control Account: 9417-****-3300 Title: NSTX CSU Bakeout System Mods (Job 3300
WBS: 1.3.3 Control Account Manager (CAM): S. Ramakrishnan

Scope Description;

This WBS element includes the purchase of a new more powerful power supply, to replace the existing
one, to be used for electrical heating of the vessel. It is proposed to buy a 0-8V, 8000 amps for the
application. Suitable cable leads will be fabricated and necessary interlocks will be incorporated. Leads
will be fabricated and necessary interlocks will be incorporated.

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)
Acknowledgements Name Signature Date
Control Account S. Ramakrishnan
Manager (CAM)

Responsible Line

Manager (RLM) LT

Project Manager R.Strykowsky
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CD-4

Control Account: 9417-**%%*-3400

Title: Gas delivery system modifications (Job 3400)

WBS: 1.3.4

Control Account Manager (CAM): W.Blanchard

Scope Description;

under WBS 1.2.4.9.

This WBS included engineering design, analysis, procurement activities, component
fabrication, installation and test of up to four center stack fueling lines and modifications of the gas
delivery assemblies. The relocation of racks, control equipment and external delivery system is covered

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

[ Yes [1 No (Describe additions and/or exclusions below)

Acknowledgements

Name

Signature Date

Control Account W.Blanchard
Manager (CAM)

Responsible Line

Manager (RLM) Do
Project Manager R.Strykowsky

April 2015
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Ch4
Conirol Account: 9417-****. 4100 Title: Stack Upgrade Diagnostics (Job 4100)
WHS: 1.4.1 [Conirel Accouni Manager (CAM): B Kaila

[Scope Description;

[The Plasma Diagnostics provide information on discharge parameters o characteriee NSTX plasmas
nd guide its operation for optimized performance. The diagnostic subsystems Included in this WBS
re; Magnetlic measurement diagnostics, Currenl density profile diagnostics, Laser and microwave
Ingnostics, Visible and total radiation diagnostics, Ulira violel and x-ray dingnostics, Particle
easurement diagnostics, Diverior diagnostics, and Plasma Edge and vacuum diagnostics.

The NSTX Center Stack Upgrade required new magnetic diagnostics that were Installed, This WBS
Elemunl Included the design and fabrication of Center Stack magnetic diagnostics which replaced units

emoved with the old Center Stack. Installation of these diagnostics Is included In WEBS element
1.3.3.4.

15 all work scope Tor this control account complete per the control account plan?
Y O No (Deseribe when the work will be completed)

Does the WBS dictionary accurately represent the work completed 7
Y O No (Describe additions and/or exclusions below)

Acknowledgemen Name Signature Date
Control Account | R.Kaita Robert i g__,ﬁ
Manager (CAM) Kaita £
Responsible Line o ey o A
h'il“-w {'RLM] L Dudek T g &t ':I:n ;:;150::15'
Ron et b

B NN BAI WD b

Project Manager R.Strykowsky Stryk T i et
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Control Account: 9417-****_4200 Tide: MPTS VV Modification Job 4500
WBS: 1.4.1 |Control Account Manager (CAM): G. Labik

ope Description;

he increased diameter of the Center Stack Upgrade required changes to the MPTS laser beam path,
hich required a new laser Input vessel penetration, and plugging of the existing penetration, increasing)
he nozzle diameter of the L port (o accommodate an external laser dump, furnishing a vacuum
pndary for the extension tube. Modifications were made are to anticipate a third laser in the future
nd a new penetration for a FIDA diagnostic above and slighily offset from Bay L. The laser input
location required a special design of the PF coll support column between Bays F and G.

Is all work scope for this control account com plete per the control account plan?
o Yes O No (Describe when the work will be completed)

Does the WEBS dictionary accurately represent the work completed?

OYes B No (Describe additions and/or exclusions below)
The work scope sxpandead 1o include instaling addfional diagnaostic vacuum inferfaces -

1. Two poris for IR cameras o view the NB carbon lilles and the RF antennas.
2. Background CHERS and Future tangeniial views.

3. High K Scaliering.

4. Fusion Producls Probe.

5. FiRe TIF or other Tangential View.

&. & Wire vacuum feedthroughs for magnelics inside the vacuum vessel.

T Rerouled the RWM colls for Bays JK and AL

8. Funded the impact of multi physics loading of vacuum vessel to design the Bay L upgrade using a combination of Ansys and
Maxwell software. The combined sofftware was used fo design other vessel changes and additions .

Acknowledgemen Name Signature Date
Control Account | G Labik George Labik= oo =
h“lﬂlﬂ'r {C Ahl] gl
Cogriily mcgraid bry

Rﬁpﬂﬂﬂuf Line ] - ' Lawrmnce £ Dudw

L Dudek E % D 200504 16
Manager (RLM) e o R O

Ron e oy

Project Manager R_Suykowsky S ky e
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CD-4
Control Account: 9417-****-5000 Title: NSTX Center Stack Upgrade Power Systems (Job 5000)
WBS: 1.5.1 Control Account Manager (CAM): S. Ramakrishnan

Scope Description;

IAC Power Systems: The scope of the AC Power Systems was to provide the supply and distribution of all AC power to NSTX.
This included all the experimental and auxiliary loads.

IAC/DC Converters: The scope of the AC/DC Converters was to reactivate existing AC/DC Converters that have not been used
since the shutdown of TFTR for use by NSTX.

IDC Systems: The scope of the DC was to receive AC input power and deliver controlled DC output power to the NSTX coil
systems. This included power cabling changes, DC Reactor changes, associated raceway changes, and changes required in the
Power Cable Termination Structure (PCTS) inside the NSTX Test Cell.

Power Systems Integration and Testing: This WBS element covers general power systems activities including interaction with
the designers of other WBS elements, design review support and procedure preparations as well as the administrative and
supervisory efforts for the NSTX Power Systems.

Is all work scope for this control account complete per the control account plan?

[ Yes 1 No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [] No (Describe additions and/or exclusions below)
Acknowledgements Name Signature Date
Control Account S. Ramakrishnan
Manager (CAM)

Responsible Line

Manager (RLM) LT

Project Manager R.Strykowsky
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CD-4

Control Account: $417-***+.5200)

Title: NSTX Digital Coil Protection System (Job 5200)

WBS:1.5.2

Control Account Manager (CAM): T. Stevenson

Scope Description;

NSTXL,

The scope of the Control and Protection System WBS element is to control and protect the power loop
components for all magnet circuits. This includes the design of hardwired interlock system, kirk-keys,
real time controls, the PC Link, Firing Generator, and Fault Detector changes, measurement of signals,
changes to existing coil protection devices.

The scope of this job was to design, install, and test & new digital coil protection system (DCPS) on

Is all work scope for this control account complete per the control account plan?
Yes L] No (Deseribe when the work will be completed)

D;eyhe WRS dictionary aceurately represent the work completed?
Yes [J Neo (Describe additions and/or exclusions below)

Acknowledgements

MName

Signature

Date

Control Aceount

T.Stevenson

= /) /s~

Manager (CAM)

Responsible Line I X ! 5
Manager (RLM) I'.Stevenson 3 9 / b
Project Manager R.Strykowsky

/o7

April 2015
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Project Closeout Acknowledgement
CD-4
Control Account: 9417-****_5501 Title: Coil Bus Runs { Job 5501)
WEHS: 153 {Control Account Manager (CAM): N, Alnafu

Scope Descriplion;

This WES element included the design and fabrication of the coll bus runs/supports between the NSTX
coils and the FCPC cable terminations located in the NSTX test cell.

Is all work scope for this control account complete per the control account plan?
= Yes [ No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?
- Yes [0 No (Describe additions and/or exclusions below)

M:klﬂwiulgcmmtsl Name Signature Date
Crgnms 1Rl i | "Smy A

Control Account M. Amafi Newaf‘" E;‘:.‘:'m_'_ﬁ.:_;“.:‘;;:"

Manager (C AM) Atnafu e e
Digdaty cgned by

RL‘SPD!IS‘IDJE Iiﬂf B a - ",I,.i-i\klﬂ';:ﬁ_:-_: f-ugc_ln

h‘h“a’gfr (R.l.:..\‘n L Dudek X e I !_:;:;E'I_I-I.T_I.JE;J,

P ki i " " Ron i",';-.‘!';t'.;“,“‘:"

roject Manager Strykowsky Strykowsky ;Th_l‘mw s
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CD-4
Control Account: 9417-****-6100 Title: Central 1&C and Data Acquisition (Job 6100)
WBS: 1.6 Control Account Manager (CAM): P. Sichta

Scope Description;

This upgrade will be capable of producing plasmas on the order of 6.5 seconds; to-date they are less
than two seconds. For dozens of CAMAC and PC-based data acquisition systems this will require an
upgrade, and, in some cases, replacement. The real-time plasma control system was upgraded to
accommodate additional input/output signals, control loops, and a longer control period. The networks
and analysis pool computers were upgraded to achieve reasonable performance for time-sensitive
functions. Some test cell racks were relocated; there was a modest effort required to route the control,
timing, and communication cabling and qualify the systems.

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)

Acknowledgements Name Signature Date

Control Account P. Sichta
Manager (CAM)

Responsible Line

Manager (RLM) L lbucel

Project Manager R.Strykowsky
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CD-4
Control Account: 9417-****-7100 Title: Project Management and Integration (Job 7100)
WBS:1.7.1.1 Control Account Manager (CAM): R.Strykowsky

Scope Description;

This WBS element includes overall management; a Project Manager, Deputy Project Manager, and
Project Controls support to manage, monitor, integrate, control, and report on the progress on the
INSTX Upgrade. Also included in this WBS element is System Engineering support and support for
updating of the General Arrangement Drawings for the NSTX Test Cell as well as funds for
independent reviewers as necessary.

Is all work scope for this control account complete per the control account plan?

] Yes M No (Describe when the work will be completed)

Scope will be concluded upon;

1. Reconciliation of CD4 closeout review recommendations

2. Delivery of the final project closeout report

3. Final year end accounting adjustment verifications. Expected finish Sept 2015

Does the WBS dictionary accurately represent the work completed?

MYes [0 No (Describe additions and/or exclusions below)

Acknowledgements Name Signature Date

Control Account R.Strykowsky
Manager (CAM)

Responsible Line

Manager (RLM) Mike Williams

Project Manager M. Williams
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Control Account: 9417-****-7200 Title: NSTX CSU Project Management (Job 7200)
WBS: 1.7.1.2 Control Account Manager (CAM): L.Dudek

Scope Description;

Level of Effort job to cover the oversight of Center Stack Upgrade work which includes a Manager,
Project Engineering support and support and to cover Center Stack engineer’s time to prepare for and
participate in project cost and schedule reviews.

Is all work scope for this control account complete per the control account plan?

] Yes M No (Describe when the work will be completed)

Scope will be concluded upon;
4. Reconciliation of CD4 closeout review recommendations
5. Delivery of the preliminary project closeout report

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)

Acknowledgements Name Signature Date

Control Account L.Dudek
Manager (CAM)

Responsible Line

Manager (RLM) R.Strykowsky

Project Manager R.Strykowsky
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Ch4

Control Account: 9418-****-7300 Title: NBI Project Support & Integration (Job 7300)

'WEBS: 1.7.1.3 |Control Account Manager (CAM): T. Stevenson

Scope Descriptions

FI of Effort job to cover the oversight of the 2nd Neutral Beam Upgrade work which includes a

ager, Engineering support and support and to cover Neutral Beam engineer’s time to prepare for
nd participate in project cost and schedule reviews.

Is all work scope for this control account complete per the control account plan?
O Yes B No (Describe when the work will be completed)

Scope will be concluded upon;
1. Reconciliation of CD4 closeout review recommendations
2. Delivery of the preliminary project closeout report.

Droes the WBS dictionary accurately represent the work completed?
es [ No {Describe additions and/or exclusions below)

Il

Acknowledgtisients) Name Signatydd Date

o i —
i [ | TS | shoss
Masager LMy | RSeRowsly / ﬁ 39 /is
Project Manager R Strykowsky 9%’% E:; /{ 9 A f
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Title: Health Physics Technical Support (Job 7400)
Control Account Manager (CAM): T. Stevenson

Control Account: 9418-***+.7400

WEBS: 1.7.1.4
Scope Description;
This WBS element includes the effort necessary for continuous health physics (HP) support for the
Neutral beamline decontamination, refurbishment, and relecation to the NTC as well as the HP support
ffor equipment removal and relocations being accomplished under WHS 1.2.4.

Is all work scope for this control account complete per the contrel account plan?
[ No (Describe when the work will be completed)

Does WES dictionary accurately represent the work completed?

Yes [ No (Describe additions and/or exclnsions below)

Atknﬂ:ﬂ#mmui Name Dage

Control Account T.Stevenson ?’/ / ‘3}; "{
Manager (CAM)

m‘m R Strykowsky 7 /13/";’
Project Manager | R Sirvkowsky = A?% Jf._
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Control Account: 9417-****-7710 Title: NSTX Upgrade Direct Allocations (Job 7710)
WBS: 1.7.1.5 Control Account Manager (CAM): R.Strykowsky

Scope Description;

This WBS element is a LOE overhead that includes the costs to cover Laboratory Engineering and
Scientific Computing and Environmental Services that are allocated to all Laboratory projects based on
their funding levels. Also included in this WBS element are the home office Health Physics efforts
necessary to support the collection of radiological analyses of various environmental samples and
bioassay samples, and the collection of analyses of data on the gamma radiation spectra of radioactive
material at PPPL that are allocated to all Laboratory projects based on their usage of Health Physics

staff.

Is all work scope for this control account complete per the control account plan?

Yes [INo (Describe when the work will be completed)

6. Work scope complete but final adjusted cost not available until end of fiscal year.

Does the WBS dictionary accurately represent the work completed?

M Yes [1 No (Describe additions and/or exclusions below)

Acknowledgements Name Signature Date

Control Account R.Strykowsky
Manager (CAM)

Responsible Line

Manager (RLM) EESusicomslsy

Project Manager M. Williams
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CD-4

Control Account: 9417-**%*-7900

Title: Integrated Systems Test (Job 7900)

WBS: 1.7.3

Control Account Manager (CAM): C. Gentile

Scope Description;

The WBS element includes Convening the NSTX Activity Certification Committee (ACC) for comprehensive
review the upgrades. Prepare and make presentation to the PPPL ES&H Executive Safety Board for issuance of
appropriate Safety Certificate parameters for operation of NSTX with new enhanced operating capabilities;
preparation of documentation (procedures) for safely integrating the upgrades for operations within NSTX safe
operating parameters; working with NSTX Operations Group for the successful integration of the upgrades.

Is all work scope for this control account complete per the control account plan?

[ Yes 1 No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)

Acknowledgements

Name

Signature

Date

Control Account C. Gentile
Manager (CAM)

Responsible Line

Manager (RLM) A.vonHalle
Project Manager R.Strykowsky

April 2015
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NSTX Upgrade Project
Project Closeout Acknowledgement
CD-4

Control Account: 9417-****-8200 Title: Installation of the Coil Support System (Job 8200 TASKS)

WBS: 1.8.2

Control Account Manager (CAM): E.Perry

Scope Description;

Torus Assembly and construction. Includes the assembly and installation of the NSTX torus, coils
systems and all associated supports including construction management. This WBS element includes
removal of equipment for clearance and accessibility, moving existing coils, modifying existing supports
mounted on the vacuum vessel and installing a new external coil support structure.

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)
Acknowledgements Name Signature Date
Control Account E.Perry
Manager (CAM)
l;;:gg‘g‘::_b(llihi\l,};e R.Strykowsky
Project Manager R.Strykowsky

April 2015
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NSTX Upgrade Project
Project Closeout Acknowledgement

CD-4
Control Account: 9417-****-8210 Title: Installation of the Coil Support System (Job 8210 LOE)
WBS: 1.8.2 Control Account Manager (CAM): E.Perry

Scope Description;

Field supervision and oversight for Torus Assembly and construction. Includes the assembly and
installation of the NSTX torus, coils systems and all associated supports including construction
management. This WBS element includes removal of equipment for clearance and accessibility, moving
existing coils, modifying existing supports mounted on the vacuum vessel and installing a new external

coil support structure.

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)

Acknowledgements Name Signature Date

Control Account E.Perry
Manager (CAM)

Responsible Line

Manager (RLM) L inrrs o

Project Manager R.Strykowsky

April 2015 Page |115



NSTX Upgrade Project
Project Closeout Acknowledgement
CD-4

Control Account: 9417-****-8250 Title: CS Removal&Re-Install/Pumpdown/Bakeout (Job 8250)

WBS: 1.8.2

Control Account Manager (CAM): E.Perry

Scope Description;

Included in this WBS element is the removal of the existing Center Stack and installation of the NSTX
Upgraded Center Stack, followed by closing up the vacuum vessel, pumping down, leak checking,
bakeout and machine area scrubs to be ready for Integrated System Testing.

Is all work scope for this control account complete per the control account plan?

] Yes [J No (Describe when the work will be completed)

Does the WBS dictionary accurately represent the work completed?

O Yes [0 No (Describe additions and/or exclusions below)
Acknowledgements Name Signature Date
Control Account E.Perry
Manager (CAM)
l;;:gglgl::_b(lﬁbi\zs R.Strykowsky
Project Manager R.Strykowsky

April 2015
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Appendix C

Major External Reviews

Summary

Princeton University Advisory Committee = 11

DOE-OPA=7
Other Management = 6
Technical Design Review = 10
Total =34

Detail List

External Participant Institutions

Project Management Review (Sept 2009)

Princeton University Advisory Committee Oct 2009

CDR Conceptual Design Review (Oct 28-29, 2009)

DOE-OPA Review CD-1 Dec 2009

Princeton University Advisory Committee May 2010

CSU Peer Review (April 29, 2010)

Project Mngt Advisory Committee Sept 2010

PDR Preliminary Design Review (June 23-24, 2010)

Princeton University Advisory Committee Oct 2010

DOE-OPA Review CD-2 August 2010

External Independent Review (October 2010)

EVMS GAP analysis March 2011

CSU Peer Review (May 18, 2011)

Princeton University Advisory Committee May 2011

DCPS PDR (June 2011)

FDR Final Design Review (June 2011)

TF Fault Review (Sept 7 2011)

EVMS Mock Interviews (Sept 12-13, 2011)

EVMS Cert Review Oct 2011

Princeton University Advisory Committee Oct 2011

DOE-OPA Review CD-3 October 2011

Princeton University Advisory Committee Apr 2012

DOE-OPA Review May 2012

Princeton University Advisory Committee Nov 2012

DOE

GA

ORNL

BNL

ANL

Cal Tech
Consultant

[
~N

Culham
Abuquerque
MIT
Fermi
ITER 10
LANL
LBNL
NML
Princeton Univer.
NIST
SLAC
TINL
MAST
Univ Wisc
UKAEA
22 Insitutions 7

NiR B N W W R NRRRRBRQ@®RRWRR NN ©

Reviewers

DOE-OPA Review Dec 2012

Princeton University Advisory Committee Apr 2013

CS Magnet Review by NML Sept 2013

DOE-OPA Review Oct 2013

Princeton University Advisory Committee Nov 2013

DOE-OPA Review Feb 2014

Princeton University Advisory Committee May 2014

Aquapour review (Sept 7 2014)

Princeton University Advisory Committee Nov 2014

Princeton University /PPPL Readiness for Operations (Dec 2014)

DOE-OPA Review CD-4 May 2015

April 2015
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Appendix D

Summary of Project Injuries

Date

Organization

Type

Description

6/5/09

PPPL

DART

Twisted right knee when
stepping on  something
uneven on TFTR Test Cell
floor (lost time).

3/8/13

PPPL

Recordable

Right shoulder strain after
bumping into equipment
along with frequent periods
of awkward posture while
welding.

3/11/14

PPPL

DART

Right shoulder tendinitis
after shifting position while
working on NSTX machine
(lost time).

6/11/14

PPPL

Recordable

Irritation of right elbow
area. Worker performed a
number of repetitive motion
activities for the NSTX
Upgrade.

1/25/15

PPPL

DART

Metatarsalgia (injury to ball
of right foot) after working
under the NSTX-U machine
(lost time).

April 2015
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Project Risk Registry
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Appendix E (continued)
Project Risk Registry
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Project Risk Registry
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Project Risk Registry
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Appendix F

Engineering Change Proposal (ECP) log
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Appendix F (continued)
Engineering Change Proposal (ECP) log
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Appendix F (continued)
Engineering Change Proposal (ECP) log
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Appendix F (continued)
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Appendix F (continued)
Engineering Change Proposal (ECP) log
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Appendix F (continued)
Engineering Change Proposal (ECP) log
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Appendix F (continued)
Engineering Change Proposal (ECP) log

ECP Control] ECP Tule Approval Date ] Change |Comtings] Continge] CBE K |Continge]  ECP
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Appendix F (continued)
Engineering Change Proposal (ECP) log
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Appendix F (continued)
Engineering Change Proposal (ECP) log

ECF | lmgmete] Control ECP Title Approvul Dete | Change | ComtingefCmbngz] CHE K [Contmge|  ECP
Mo, | d WBS Accouins) avel ey ey ney Stalum
Elermem Do & Dirpw Flerrmaiy
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ST NG Prolective Pale Imserlocks (VP
PryomeierTam § 247301 X8 SBOS Saanom -
Josallaian

Appendix F ECP Log Page 9af9

April 2015 Page |138



Appendix G

Transition to Operations Plan
US. DEPARTMENT OF ' Office of
@ NSTX-U Supported by ENERGY scence
Research Operations For NSTX-U

Stefan Gerhardt
Research Staff

W':H:E_ 1) Head of Expanmental Reseanch Operatons < i

R, ek
[ a
o | Thanks to Brent Stratton, Bob Kaita, Masa Ono, e
e Jon Menard, Charlie Gentile, & Larry Dudek fetas
(e ¥
Lot NSTX-U Ready for Operations Review B o
e, B-318 el
i Decamber 90, 2014 uTuare
“-._—u hlm-u-.f-
P e s
[T TR
Fark Cirpl bt . s Al
ey ] W
AT e AT
A POETEE
[L= ) M St 0
L Coinracie ELt
:H il
:'“ e PRI
:“‘ﬂ' b ,HI:IP" Aakpn
:Ilml.u.‘ .Mﬂl-nw

Outline

* Long Term NSTX-U Research Agenda

« Recent Operations Work to Support Research Agenda

» Operations with Aquapour/CTD-425 Composite Material
= Schedule for the 1% Research Campaign

= Process for Execution of the First Research Campaign

i i"f.&"’_‘{u FETH 51l gy dea Finmam - - B Gernaen (R
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Appendix G
Transition to Operations Plan (continued)

Long-Term Research Agenda For NSTX-U is Defined in the
5-Year Plan

Available on the web at:
http://nstx-u.pppl.govifive-year-plan/five-year-plan-2014-18
11 Chapters, written by the entire NSTX-U team, describing
= the research goals
— future upgrades to the facility

Reviewed over three days in May 2013.
Accepted by DoE.

-

EHS"T:U ST Pty b s - o & b

Five Year Plan Described Five Highest Priority
Research Goals

Present Upgrade Future Upgrade (See Backup Slides)

1. Demonstrate 100% non-inductive sustainment at Porforrnuncu that
extrapolates to 2 IMW/m? neutron wall loading in FNSF
-~ 2 nautral baam, higher TF
=  Gryopump (fulure upgrade)  NCC (fuluwe upgrade)

2. Access reduced v* and combined with ability to vary q and
rotation to dramatically n?h-nﬂd ST physics undmmt:ndinq 3
=~ 2™ neutral beam. hagher TF, higher |,
= Cryopump (fulure upgrade) NCC (future upgrade)

Dawlo'? and understand non-inductive start-up and ramp-up
ve| to project to ST-FNSF with small/no solencid

- 2= neuiral beam. higher TF
= ECH (luture upgrads)

Dovo;br and utilize high-flux-expansion “snowflake” divertor
iative detachment for mitigating very high heat fluxes
- E:-:p-andnd PF-1 coil sel, new diverlor gas imjectors

toanmh h-Z PFCs + liquid lithium to develop high-duty-
" fac r ntogu.hd solutions ?-IFI next-steps SRy
- Metal PFCs and flowing Sfhium systems {Tutuse upgrades)

mﬂ!‘.ﬁu WL Ry ey g awtiar la-te - Seasesh Dpssstsss L Gaetusal (1A-EW)
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Appendix G
Transition to Operations Plan (continued)
FY2015-16 Research Milestones Target Exploitation
of New Capabilities, Exploration of New Regimes

= FY2015_ I FY2016 1
Expt. Rum Weeks: 12 16
ui.uu.l coardinasant and local
Transport and Fi ang iraetpon
7 it e, o 50§
characimistics of higher 8, L, P,
Bowndary wi
Devalop srowhake corfiguration, study Amsess b Bus mingation and P
etigs ard drvarior propenies resgeonn ting achvanced droror
Materiahs & PFECs =1 T A S
i g
Characiprize ofiacty of NEI
CREEr® SoIsntEnIE mmmsiennte

B b

3 pirme-u '::-whipm

2 e
[N

=

Joint Research iengeact of Broadennd Nr) and pir) BAAr Ui Shgainn Al begts o

[T T e [o— p— C

fraction MBS H

FY2015-16 Research Milestones Target Exploitation
of New Capabilities, Exploration of New Regimes

ncrmmantsi ot con) J FY2015 ] FY2016 J

Expt Run Weeks: 13 16

;j.hrﬂ‘ "'-*"”
. ¥
il f "

NETHL TR gy e gt - o & Emrrers L]
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Appendix G
Transition to Operations Plan (continued)

Engineering Design Driven By Physics Considerations

Shigel  Shiged Shaped Shaped  Shiss 8  Shaped  Shaged  BhageB % Polowdal held set consistent with a sel
; = I f of 96 plasma equilibria at 2 MA, 1T
\ ~ Hagih and fow trisngulanty & elongation,
! conventional and snowiake divertors,
L \ , range of OH fus states
. - Defings G5 codl lotations, power supply
Rty PR, SN, . S, JE el el reduiremenits, vessalicod forcasisirasses
[ f i that must e managed, soms DOPS lmits
| ; «  Beam tangency radi determined by
i N integrated modefing with TRANSPE

e ———————— el L L E R ST

R e

o Nanaid gl ucea Fuson B3 RECEIIS (SIID) ks L . n
& P Gomand, of ! | Nucloar Fusion B3, DB30GT (2012) 0o (1] o4, B8 7] [T
-l
afﬁ“ﬂ# T 5 B Gt PRI L]
Outline

Long Term NSTX-U Research Agenda

+ Recent Operations Work to Support Research Agenda
« Operations with Aquapour/CTD-425 Composite Material
Schedule for the 15t Research Campaign

Process for Execution of the First Research Campaign
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Appendix G
Transition to Operations Plan (continued)

Research Prep. Has Been Accomplished in Concert With the
Upgrade Project: Diagnostics

+  Neutron detectors installed, and calibrated with in-
vessel train track.

+ Thomson scattering collection optics aligned,
vacuum boundary established,

= Onirack 1o calibraie & support experments on the
scheduls 10 be presanled (star

* New diagnostics in final stage of fabrication/
installation:

= Three new SENPAS (LIC-Invina)
- Balometer, multi-enargy SXR system (PPPL & JHLU)
- EUNV spectroscopy sysiems (LLNL)

+ Other major profile diagnostics reinstalled,
spatially calibrated, intensity calibrated whera
appropriate:

- CHERS, FIDA, T-FIDA, P-CHERS. MSE, MSE-LIF

« Magnetic diagnostics on C5 expanded as part of
the upgrade project,

- And legacy magnetics on the ouler vessel lasted,
repained

+ Three new large port covers fabricated, installed,
populated to accommodate systems displaced by
vessel modifications.

T

< Woely Wl iF P |y ii
TR Haaity s s e B Gkt 1138014

Research Prep. Has Been Accomplished in Concert With the
Upgrade Project: HHFW Operations

New Compliant Antenna Feeds

Will allow HHFW antenna feedthroughs
to tolerate 2 MA disruptions

h “Transmission lines are in the process of
Prototype compiiant feeds tosted t0 46 KV in || pord, oo & e
the RF test-stand. Bonefit of back-plate || et LIS L L e

o T 0 BV T March 2015 time-frame to be ready for
feeds and back-plate grounding research operation in May 2015.

i NETH NTH 41 gy ey Arema i A fmrranit (I
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Appendix G
Transition to Operations Plan (continued)

Research Prep. Has Been Accomplished in Concert With the
Upgrade Project: Boundary Physics Operations

«= MNew boronization (dTMB) system will be used.
— System designed through successful FOR
- Components have been ordered
- Electng sannce B5% complete . will use vacuum system PLC for contrals.
— Plan for it to be avaitable for mital research operabons
* LIThium EvaporatoR (LITER)
— LITERs were cansfully stored during the outage
— Mounting locations &ne being repositioned
- New fume hood and other laboratory upgrades compiete for LITER filling and
maintenance

= Ptan for LITER to be avaidabie for research operations
* High-conductance divertor gas injection lines (2) have been instalied
- Supports radiglive divertor studies
« Gas delivery system uparades.
- Moving o a uniform system of valve dnve technologies
— All valves to be commanded from PCS
. mﬂmsmws Particles Probe (MAPP) probe has been fit-up w/ a new
S ,

- Allows material sampies fo be exposed to the plasma and then examined in-situ with
surface scence lechnigues

Hraow s the ST YL E T SR TSI B T Lorase oo

PR e R
EN’S‘F.\"-U TS 1 Ry oy Fi it - by ]

Research Prep. Has Been Accomplished in Concert With the
Upgrade Project: Physics Ops. And Plasma Control

* New firing generators for transrex recifiers designed, tested,
fabricated, deployed.
* New in-house design for realtime digitizer completed, in fabrication.
+ New |l measurement systems and associate permissive generators
designed, fabricated, in testing.
+ Magnetics racks re-wired to support Upgrade operations, integrators
now being tested.
+ All low-level plasma control software has been revisited, upgraded,
- Includes moving power supply control software from stand-alene code to an
glgorithm within PCS
= Integration of the *FCC DCPS” with associated inputsfoutputs i1s ~85%
complete.
— Sysiem is in the final testing stages to support power supply dummy load
testing.
* In the process of revisiting all physics algorithms
- Have assigned a cognizant physicist to each algorithm to provide
accountability.

v o T s proosiurst SR pecags sy i (R Lpgrsces SCopo

m'ﬂ:ﬁnf-u WETL L Rpah Saa Dpstiirs i - Barimgiy® (ipevatan 1 Guskasb |17 34 0W]
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Appendix G
Transition to Operations Plan (continued)

Qutline

Long Term NSTX-U Research Agenda

Recent Operations Work to Support that Research Agenda
« Operations with Aquapour/CTD-425 Composite Material
» Schedule for the 1%t Research Campaign

Process for Execution of the First Research Campaign

ﬁ!ﬁu.u ¥ b - Ay & Cartarn AEAH

Background: We Have Plans to Increase the Field, Current &
Pulse Duration Over 3 Years

Ix [MA] 12 -18 20 20 2.0
8. 0.55 -08 1.0 1.0 1.0
Allowed TF 't [MA%s] 7.3 80 120 180 160

1¥ year goal: operating points with forces up to ¥ the way between NSTX
and NSTX-U, ¥ the design-point heating of any PF/TF cail {(~75% for OH)

27 year goal: Full field and current, but still limiting the PF/TF coil heating

304 year goal: Full capability
| 4w and 2% year goals not affected materially by composite material

EN‘SW-U WRTE o Waady 1 Ot Sedm e R sney s O sass 4 et (1707008 v
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Appendix G
Transition to Operations Plan (continued)

Background: We Have Plans to Increase the Field, Current &
Pulse Duration Over 3 Years

I [MA] 12 20 20 20
8, [T 0.55 -08 10 1.0 1.0
Allowed TF It [MAZs] 73 80 120 160 160

1% year goal: operating points with forces up to ¥ the way between NSTX
and NSTX-U, % the design-point heating of any PF/TF cail (~75% for OH)

2 year goal; Full field and current, but still limiting the PF/TF coil heating

This scenario most likely to be
J@ year goal: Full capability affected

] 1=' and 2™ year goals not affected materially by composite material j

mn-snr.u FAFE | Bty b Smrrtes Sermn eeran 8 g L deetinft o128 U il

Summary Statement:
Physics Program Largely Unaffected By Requirement T1<Toy

* lllustrative Example: 2 MA, 1T, 5 Haa ™ 1.2, T ™ 075, Prigy = BMW, i, = 4.8
second

- TF Coil m o[ mea o e |
= Current s constant |
= Temperature is linear
= OH Caoil
- curment has a zero-crossing
= Temparature has an "S-Shaped”
Surve
* Options for maintaining T+e<Tou.
= PFre-heat the OH coil using curmenis
(or water) before tha TF turms on
= Conirod the shape of tha OH S-curve
by adjusting the amount of pre-

* In this example,
- Full 24 kA pre-charge

- Pre-charge duration is extanded o
provide heating

e L) kL] L) Ll L]

mkﬁﬂ'—u WP ] p b Sl e rewe - M sl T GwsTindl ¢ 1880 k]
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Appendix G
Transition to Operations Plan (continued)

Initial Operations Will Be Largely Unaffected By
Aquapour/CTD-425 Composite

« Scan two variables in these studies;

~ Pre-heat level, quantified as the fraction of the full OH coil 12t limit
used before the shot starts.

- Pre-Charge fraction, quantified as the fraction of 24 kA used
0.7 MA, 0.75 T, 100% Non-inductive 1.5 MA, 0.7T5 T, Partial Inductive

— AR, e AL R L R LS AR L o el AT T RE - 3
g Slwed Py Dewon e TE Fesp 3 ien O Tame 10 B8 el Tormp, Def 0, b T Tesmgs 0 it O Pasmp. 4 1
D ORF A T T A0 e LAZIY A T T TRE R
| D sy ]

[T
L2} ad L2 L o aF od LA an LE ]
Pra Chsrgs

* Resistive pre-heat of ~15% provides operating room for
0.75 T scenarios typical of the first year.
- Same as starting the coil at ~23 C

ENS'F?{-U‘ HETE L By B sy Moy . Bamsgerk Tpargisen, © ek [FH5 W LLg

Limitations Become Apparent, but Manageable, for 2 MA Cases
Reason: These Often Required the Full OH 12t

« 0D study as a function Saolid:

— Confinement (He.y) T+e<Tow applied as a constraint
- Density (Greenwald) Dashed:

« Determine via optimizer No constraint on relative temperatures
the optimum initial OH 4 :
temperature, limiting : e i e o
the maximum to 100 C. 5== i T TS e

* Result: 4
- Typically only a 0.2

fulaslved & wiFveOiis i sldie

second (or less) M

reduction in pulse 3t 14 L1, < 198.6]r., < 0.0
length, provided the pre- | 12 T = ortabie
heat is oplimized i+ 1 S i

- Hgs~1.2 needed for 0 Y ; ;
reliable 5 sec operation g5 06 o7 o8 09 1.

for any constraint on Normalized density (Greenwald fraction)
relative temperatures
mmaﬁ-u HAFTE ] ity e ™ - i [y — w

April 2015 Page |147



Appendix G
Transition to Operations Plan (continued)

Second Optimization: Find Initial OH Temperature that Guarantees
Current Profile Equilibration for a range of 2 MA Configurations

*  Two assumplions in this study. Maximum I, flat-top time [s]

— The important normalization for the discharge | : . .
duration is the 3:.. i B

— It will b an imposition 1o change the initial
OH temperature all ihe time, 50 need to find
an optimai single value

Fix the initial OH temperature to 43 C

= Could be achieved, for Instance. by a
“slandasd” OH curmand pulse. of the wabar
pre-heater.

Dwathmln MW'“
Hga=1 are than 3r,
“ mwmﬁm”uﬂr
. 11DCnparnﬂmmlhum-l i
eliminates the composite maten

- Optimal nitigl tempargiure drops 1o 36 C
= Plasma thermal energy confirement and CD
Eh yeics, not the composdde materal, would
ave the dominan! smpact on the pulse
duralion a1 2 MA

(1
- Under engineering sualustion, looking quite g5 o8 o7 o8 on 18
feasible. Mormadized denasty (Greenwald tractson)
E NETX-U TR iy B B Chorhurd T "

Qutline

+ Long Term NSTX-U Research Agenda

+ Recent Operations Work to Support that Research Agenda
= QOperations with Aquapour/CTD-425 Composite Matenial

+ Schedule for the 15! Research Campaign

* Process for Execution of the First Research Campaign

En'ﬁ'rxiu' ETH M o gt B - Bk b et

April 2015 Page | 148



Appendix G
Transition to Operations Plan (continued)

Activities between CD4 and Research Run
moportant tao oot e INem g L e LHTe eaba il rur
Mareh 2015 April 2015 May 2015 | Jure 2015
JE— > =t . ‘H\‘\___\“
Short Vent o Install New e
Diagnostics (no manned entry’) Damanssanng
WEM. r Iﬁ“‘.n‘ MA, Br<=0.5
Data Acquisition & Diagnostics  Calbainos. Breakdown and curent ramp
MPTS Rayleigh/Raman = N EFIT & AEFIT Reconstruchons
Calbralions CHERS Shape & position control
Ex-Vessel Diagnostic Instaliations etaleces “mw_
- mllm Boronization | DCPS under plasma operations
Beamiine #1 Final Checks GoC Boronizaton +He GDG for PFCs
HHFW Tube Commissioning
If some tasks can be moved
before the CD-4 date without
impacting that schedule, we will
do so.
'amﬁﬂr--u HETL By S Dpprreees Dysies . Bryeee s ey § Gt (FPL BRI

Nominal NSTX-U run schedule for FY2015

R 8 -

CD4

~ 2 month period allocated between CD-4 and plasma operations =
CD-4 in mid-March, plasma ops in mid-May

Plan: 12-14 run weeks (assumes ~1 maintenance week / month)

* If machine is running well at end of FY15, may run into early FY16
+  Provide additional data for APS 2015 and IAEA synopses for 2016

EMEF!HI HETH & Bty fer Cpprpsy Rrviry - Bypase S fpeshem, § Soteft (CFPVRS
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Appendix G
Transition to Operations Plan (continued)

Qutline

Long Term NSTX-U Research Agenda

Recent Operations Work to Support that Research Agenda
* QOperations with Aquapour/CTD-425 Composite Material
Schedule for the 1% Research Campaign

Process for Execution of the First Research Campaign

mru.afxu [T A - ek L B

NSTX-U Experimental Program Organizational

Structure is Clearly Defined
| NSTX Upgrade Department
Prroject Ditscant Erparsm Directyr
M O | gty o e
M — =
[ i 1 & o
T T Lnserg Eormca bvumrnn
Tt | | oo I—E—'FJ I
Pt Thea sy At o gt - =
Loz dow e : B v
I A e E T T ]
- 4 -_
T _|w -  ———
e -y
! i e .‘_is""‘..*.‘:_ U
=]
:; -H‘m
S e
Em-u METH A Wiy b [ Barern . Banpgred W Carbad FIRTS
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NSTX-U Experimental Program Organizational

Appendix G
Transition to Operations Plan (continued)

Structure is Clearly Defined
| NSTX Upgrade Departmant
b gl
Iy T Daguty, St Hiys
Peaple who built it o i
will run it. ST : Work at D-Site is governed by
2 - . the WCC & OP-AD-56, which
Rt | | e g | [1 TSN | defines the chain of command
o Tiet Oy - and varnous rolls (COE, D-Site
== : supervisor, Health Physics, ...
e | el e ST
— 4 e ] P management goes through
s i Crm s Engineering Ops. division to gel
='_I T - iﬂmﬁ w work done
*m s A
[ P
1R
.m
e T
E"‘"ﬂ'"“-" Ll - s A e A

NSTX-U Research Program Will be (re-)Organized
Along 3 “Science Groups” and 9 TSGs for the FY15 run

|__MSTX Upgeads Science Progeem

T

Crepaty Dfan Ewpe
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Appendix G
Transition to Operations Plan (continued)

Topical Sub Groups (TSGs) play major
role in governing the research program

» Led brainstorming, organization, writing of 5 year plan

« Address highest priority scientific issues through
discussion and consensus at open meetings

« Organize the NSTX-U Research Forum sessions.

« Draft scientific milestones

* Propose and execute experiments

. Deﬁ'ne facility and theory resources to achieve research
goals
* Aid dissemination of results with Physics Analysis
Division
= Joumal publicatons, invided talke, saminars, colloguia, conferences. ITPA, BPD
» Provide summaries of scientific progress at NSTX-U
team meetings and other venues to promote discussion

« Assist and report to the NSTX-U Program and Project
directors

ENSH‘.U ATE 11 gty s vy B v . Mennae s Dgmnneny | Gemam (04 B ]

Details of the Research Program Will Be Defined By
The Team in a Series of Meetings

* Research Prep. Meeting: Jan. 28" and 29"

- Designed to notify the scientific leam of facility status

= Day #1 lalks.
+ Gerhardt . Iniro. Magnatics
« Won Halle  Enginserng Oparations (Fower gysiems, NI, ths review, .. |
+ D Mueiior - Physics Operations (operalor training, PCE .. )
« Kaita - Boundary Operations (GOC. LITER. Boranization, )
+ Siration | Diagnostic Operations
+ Hosea  RF Operations

- Day #2: Update from SGITSGs on research goals and XMPYXP solicitations

= Experimental proposals (XPs) submitted by through a dedicated web
site

- Histoﬂcaliy 1.5-2% more run limes requested than is available

* Research Forum (Feb 24" -27"" PPPL)
— Opening plenary session summarizes anticipated run schedule &
programmatic goals.
¢ Inchude run time aliocations, typically 173 of the available run ima hald in esene
- Breakout sessions for each TSG allow open discussion of research
proposals and pretiminary XP priorifization

~ Summary plenary session presents the preliminary priontization

EHSF'K'-U BT ] Bty e Ty Fasapa o= [ P )
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Appendix G
Transition to Operations Plan (continued)
What Exactly is An XP?

= What is an XP?
= It is an official PPPL document, archived in the ops. centar
« Piockss defined n OP-ADK-03
= Subject both optional TSG and mandatory team reviews
= Author is the sclantist who leads the XP
— Signed by SG or TSG leader
- Run coordinator signature takes the place of the RLM
- Describes both required machine configuration and individual steps of the
expanmants
= Typically describes 1-2 days of run time,
= Successful completion of an single XP should lead 1o a publication or
invited talk.
« We also have XMPs,

= =~2-4 hour blocks of run time designed to tes! a specific piece or hardware
or control software.

- Frucss& defined in OP-ADX- ﬂZ

f rogram/ops™ m where the run coordinator provides
draft~ 3 week schedule, which is then iterated with the
research and engineering team before posting.

EJ.I'S'I'.\HJ WATE U By e ey B - Mettastn s 4 Gaammaeit | 155 9 "

Physics Operations Staff+Collaborators Will Be Ready
to Execute the NSTX-U Research Program

* Three NSTX physics operators will return to NSTX-U.

= D. Mueller is a world-recognized tokamak driver.
+ Operated TFTR
* Has collsborated on EAST and K-STAR control development over the jast
year
= Author of the CD-4 XP
+ Author of the machine commissoning XP
- D. Battagiia has spent the last 2 years as a DIlI-D operator
- R. Raman (U. of Washington) provides leadership in CHI, MGl areas +
physics operations,

* D. Mueller will hold a training/refresher course following CD-4.
— Plan to train an additional 2-2 operalors.
- SIIdE'E fmm preumua COoursa:;

. Majr;:-r dl&gnushns have pnmary and backup suppaﬂ
-~ Magnetics: 5 Gerhardt + new post-doc
- CHERS: R Bell + M, Podesta
- Thomson Scattering: B. LeBlanc+A. Dialio+new post -doc.

El:;‘hau SAFY i Bty L A g »
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Appendix G
Transition to Operations Plan (continued)

Summary

+ NSTX-Upgrade project directly feeds the long term
goals for the facility,

« Operations work, in concert with the Upgrade scope,
has progressed well.

» Operations scenarios compatible with the Aquapour/
CTD-425 composite have been identified.

« The process for defining the research run is in place.

The NSTX-U team is excited and prepared to move lo
research operations!

Ej.h.’sry.u BTN Rty b Berrm - esmars B Garhar (IFRTVM| H
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Appendix H

Lessons Learned

Numbe Level WBS Success or Category Description & Discussion
r Opportunity
01 1 ALL S Safety The attention to worker safety resulted in only 5 minor reportable
minor injuries in over 550,000 hours worked. While we have a robust
safety organization and up front Management buy-in, it came down
to people not taking risks or short cuts in the name of schedule or
cost. The safety culture at PPPL is one of its strongest assets.
02 1 1.7 S Supervi | Work control center provided real value in establishing daily
sion communication and coordination of field activities. Support needs
(QC weld inspections, Safety support for walk downs, Health
Physics) were determined in this daily 10 minute meeting. This
process was established during the TFTR D&D project which was
successful in finishing safely on schedule and $3.6M under budget.
03 2 1.1 S Technol | Technology RiskiThe project was not risk adverse on employing
ogy new processes or technologies to provide engineering solutions. The
project utilized 7 fabrication and assembly techniques that benefited
the construction of the new center stack magnet and vessel
upgrade (Ref Appendix __ for detailed presentation)
Friction stir welding of copper was used to join high strength
to high conductivity copper grades in the TF center bundle
conductors.

2. A new non-ionic soldering process was developed.

3. Wire Electric Discharge Machining (EDM) was used in the
manufacture of the critical TF High-Current Connector.

4. A carefully planned Vacuum Pressure Impregnation (VPI)
process with hard metal molds were used to assure the
strength and electrical integrity of the center stack.

5. Cyanate Ester / Epoxy Resin was chosen because of its
maintenance of strength at elevated temperature.

6. Electron Beam Welding was used to manufacture the TF
Lead Extensions and Passive Plate expansion connectors.

7. A water-soluble casting material, “Aquapour”, was used to
maintain a thermal expansion gap between the center stack
TF and OH winding. This process proved beneficial in
winding the CS OH conductor, however, we were not able
to remove the aqua pour as planned due to it being
impregnated with epoxy. This setback resulted in a critical
path schedule delay and will impose additional operational
considerations. This presented PPPL with a sobering
lesson learned opportunity. See next LL below.
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Appendix H

Lessons Learned (continued)

Numbe

=

Level

WBS

Success or

Opportunity

Category

Description & Discussion

04

1.1

o)

Technol
ogy

Aqua pour affair.

A water-soluble casting material, “Aquapour”, was used to maintain
a thermal expansion gap between the center stack TF and OH
winding. This process proved beneficial in winding the CS OH
conductor, however, we were not able to remove the aqua pour as
planned due to it being impregnated with epoxy. This setback
resulted in a critical path schedule delay and will impose additional
operational considerations

Even though this event was postulated in the risk registry, we could
have excised additional engineering due diligence to better
understand the failure mechanisms that could result in the aqua pour
being non removable. For example; while we did perform two R&D
simulations we did not subject the process to the epoxy
impregnation step. This would have flushed out a failure mode of
epoxy migrating info the\aqua pour area due to thermal expansion of
the conductor and mold. “A better sealing scheme perhaps could
have been envisioned or thissmay have resulted in the abandonment
of the aquafpour technique in favor of using a different boundary
material. We heed to better think through technical, fabrication and
assembly risk and determine engineered mitigation plans. At the
very. least we could,have had a better understanding of the cost and
schedule impacts. [t'must also be pointed out that our project’s
design underwent multiple external reviews with many outside labs
participating so this is should not be looked at as a failure but an
opportunity to take stock and learn.

Root Cause: PPPL has very talented and experienced people
having performed similar operations and fabrication tasks
successfully in the past. This is good and the reason our projects are
technically successful. However, experience and familiarity could
easily turn into an air of overconfidence or “trust us we’ve done it
before” mindset. We need to maintain a healthy dose of skepticism
in evaluating our work. For example while we do have good design
reviews perhaps we need to incorporate a failure modes and effects
analysis.

It's the underlying human mindset we must recognize and change.

05

1.7

Manage
ment

KPP definition could be improved in the Project Execution Plan
(PEP). Along with more clearly documenting scope contingency up
front (At CD-2) we should define what CD-4 Project Completion will
look like in PEP at baseline. A better defined CD-4 expectation could
have helped the project and saved a lot of wasted energy in defining
this with multiple stakeholders in real time.

06

(BLANK)

April 2015
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Appendix H

Lessons Learned (continued)

Numbe | Level WBS Success or Category Description & Discussion
r Opportunity
07 2 1.7 S EVMS EVMS the good; monthly statusing methodology adopted, CPR
reports, change control mandated good discipline.
EVMS an Opportunity; The requirement for written variance analysis
reports provide little value to the project management office. Causes
of cost and schedule variances were discussed real time during the
formal monthly status meeting. Staffing issues that drove schedule
slippages were resolved many times by the PPPL engineering
division and department heads that were in attendance.
08 2 All S Policy/P | Adherence to PPPL engineering procedures eng-033 provided
rocedur | discipline in the design process. However, the project provided
es additional requirementsdhat; 1) provided for tracking and QA
verification of designs#eview chits and 2) Required calculations to be
signed by the cog engineer whom was the ultimate customer
09 1 ALL o Loss of | Loss of our DCPS CAM (due to his sudden death) as well as the
key temporary loss efdhe Magnet CAM (due to lengthy illness) resulted
personn | in impacts to the'project schedule as other stepped up to “fill-in”. The
el secondary imp[act was an increase in project cost as lesser
experience, personnel took longer to come up to speed and carry on
the waork.
10 1 1.5 0] Personn | DCPS was a project unto itself and had too many conflicting “cooks”
el/Mana |, spoiling the soup. The specifications and requirements changed very
gement | late in the project after our main FDR. The functional organization

stepped in and inappropriately communicated ways yet made key
improvements to the requirements. Software was new and made
use of new tools and languages not employed at PPPL much before.
Teaming among the several branches of the project was very low
and communication was at times poor or non-existent except that
the COG who was gifted in many areas of this project held it all
together. Unfortunately we lost this COG and had to make do. Yet,
the effect of this loss on this team was a cautious yet palpable
coming together to finish their own scope such that the system
arrived on time. The false starts, rework, changes in direction early,
and the overall inefficiency cost dollars and clock time but it came
together in the end.

April 2015
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Appendix H

Lessons Learned (continued)

Number Lev

WBS

Success or

Opportunity

Category

Description & Discussion

11 1

1.1

o)

Organiz
ation/St
affing

Better balance in assigning CAM's to scope. The centerstack design
and fabrication was assigned to one CAM who was the laboratory's
expert in coil manufacturing. The work scope should have been
distributed to at least 3 CAM's. The failure to do so led to some
oversights in procurement inspections, timely reconciliation of
cooling wave analysis, more complete field supervision, and support
of EVMS CAM duties. The Center stack WBS relied heavily on one
senior CAM who quickly became overloaded. This led to a
bottleneck in fabrication tooling which required a lot of attention.
Some earlier support on engineering the tooling might have helped
save rework. Additionally, an overloaded CAM impacted our
schedule since we tended to focus on the near critical path and big
ticket procurements or those that are technically challenging. While
this helped us to successfully navigate the 6 largest risks on the
project (i.e. Vacuum Pressure Impregnation (VPI) of the centerstack)
this led to smaller procurements of hardware to receive less
attention until it came time fer assembly. Some of these components
had to be re-worked by PPPL to meet specification which led to
internal schedule delays and diversion of critical staff (i.e. welders,
machinists).

. Next time: Ensure CAM’s are not overloaded and
adequately staff arexassigned for oversight and supervision. Ensure
PPPL QG€,has adequate resources to support the receipt inspection
process.

April 2015
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Appendix H

Lessons Learned (continued)

Number

Level

WBS

Success or

Opportunity

Category

Description & Discussion

12

All

Quality
Control

Earlier recognition of the need for an independent QC receipt
inspector. During the last 20 years PPPL has reacted to budget
challenges by reducing overhead cost (and staff) by transferring
work scope to directly funded project staff. One of the positions
eliminated was a full time QC receipt inspector whose
responsibilities were transferred to the project procurement technical
representative (CAM in most cases). Mid way through the project it
became apparent that hardware deliveries for non critical, small
hardware (at the time) did not receive timely and complete
inspections. The project requested, and PPPL agreed to hire a QC
inspector which offloaded the CAM's..

13

ALL

Procur
ement

Causal Analysis — Vendor®X", Inc. February 2/8/2013. (Detailed
report available upon request),Multiple awards (6) to a new,
unknown sdpplier for NSTX/U components resulted in unacceptable
quality, reworky and/or re-award of contracts, all of which resulted in
a delay in schedule for the project and additional costs. After award,
ongyof the work activities covered by these six awards became part
of the critical path and, as a result, had a significant impact on the
schedule. Asja result, PPPL initiated an analysis to identify the
causal factors so that actions can be taken to prevent this from
recurring:, The root cause identified was the evaluation and oversight
of the vendor was inadequate. Contributory causes were:
Anlnadequate incoming inspections and supplier oversight due to
lack of appropriate resources assigned to these procurements.

B. Inadequate hold points/first article inspections for jobs requiring
weld preparation.

Recommendations include;

1. Develop a process for the evaluation and oversight of new and
unknown fabrication suppliers until adequate confidence is achieved.
Such a process should consider financial stability, types of contracts
to be awarded to this supplier, time frames of the contracts,
performance parameters, risks associated with work to be done,
references, timely feedback from first wards, etc

2. Insure adequate staff for the timely inspection of hardware and
components.

3. Insure hold points/first article inspections, which are especially
important for vacuum welds or other welds with high loads.

April 2015
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Appendix H

Lessons Learned (continued)

Number | Level

WBS

Success or

Opportunity

Category

Description & Discussion

14 2

ALL

Resourc
es

Key pacing resources like welding required careful handling and
often became pinch points. Veteran welders were in high demand
throughout the project. The PPPL Tech Shop work order system
was well managed and the Work Control Center (WCC) did an
outstanding job applying timely use but early training of welders in
anticipation of this peak need might have eased project problems.
Late in the project an outside Blanket Ordering Agreement (BOA)
was set in place to add additional welders when needed to increase
available welder resource.

15 2

1.2

NBI
Armor

The original armor had many foibles and as-built conditions to
make do and makedfit back in year 2000. The original engineer on
the armor upgrade job “was less experienced that was thought or
expected and.took a very cut and paste approach except for the
supports. This approach was less than adequate in analyzing those
as-built problems¢After a new engineer took over the armor job,
she worked herway through many issues and we improved the
design especiallyyon the tiles, but things like the water pipes
néeded better design from the beginning because their wall
thicknesses and bend radii gave the vendor fits and took rework to
fix. The portatBay H needed a ton of work because the port and its
feedtrhoughs had not really been included. As time went on, the
cog engineer was forced to do a lot of rework herself because
some things could not be built as expected. Had the cog engineer
been on the job from the start we could have sifted the old design
better, found the problems, avoided rework, and improved cost
efficiency and schedule. Nevertheless, to the cog’s credit, the job
turned out very well. The inexperience of the first engineer took a
lot of hard work to rectify.

April 2015
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Appendix H

Lessons Learned (continued)

Number

Level

WBS

Success or

Opportunity

Category

Description & Discussion

16

1.7

Manage
ment/Or
ganizati
on

Project reviews. The time spent in preparing for, conducting and
follow-up from both PPPL and DOE initiated reviews was under
estimated. This project conducted 34 high level reviews that utilized
over 72 externals reviewers from 22 institutions. While somewhat
beneficial, the impacts to project cost, schedule , and resources
should have been more adequately budgeted.

Effective project meetings; DOE-PSO led IPT, weekly Director's
meeting, daily WCC meeting, 8:30 meeting, project weekly team
meetings during the design phase.

Opportunity for improvement;: The all encompassing external
global final design review did not allow for enough detailed review
of technical aspects¢ The project would have benefited from
individual focusediinternal reviews of some subsystem hardware in
lieu of global design reviews

17

1.7

Resourc
es

Sharing analysis engineers with the ITER project led to delays in
thie‘eempletion of calculations. This led to late receipt of drawings
and\subsequent late delivery of materials/components to the field.
This‘requiredithe project plans to be adjusted on a weekly basis
whichiresulted in cost inefficiencies. While this did not impact
critical paths tasks it did impact the cost and schedule for machine
assembly (i.e. structural supports).

18

1.7

Policy/P
rocedur
es

Institutional overtime policy led to lost scheduling opportunities
during those weeks that included holidays. Holidays or snow days
were not counted toward the 40 hour work week calculation for
premium time therefore technicians were less likely to want to work
extended days or Saturday.

19

ALL

Design

Consider better management of design tolerances. Be surgical in
requiring small tolerances. This will drive the vendor’s procurement
cost, require extensive in-house engineering time to disposition
nonconformance reports (NCR's), and increase assembly time. The
impact manifests itself in both increased cost and schedule stretch-
out. This has been a chronic challenge on projects at PPPL. 'Better
is the enemy of good enough"

April 2015
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Appendix H

Lessons Learned (continued)

Number

Level

Success or

Opportunity

Category

Description & Discussion

20

1.1

Design

PPPL calculation documentation was complete and accurate but
lacked clear and definitive conclusions and summaries. This led to
misunderstandings and time wasted in completing designs/drawings.
Crisp conclusions and design direction needs to be included in the
final closing statements.

21

Resourc
es

Personnel single point failures has led to schedule impacts when
critical people were not available (due to prolonged ilinesses and
deaths). These could not have been anticipated but for projects
spanning long periods of time they are likely to occur and should be
factored into cost andéschedule contingencies. Also, critical corporate
skills should be identified'with backup people assigned to be
mentored.

22

ALL

Estimati
ng

Under estimates of several skills manifested itself into resource
shortages and'schédule delays. The work estimating procedure should
be revised to require supervisors of the skill organizations (i.e.
welding, machining;field crew installation, drafting etc.) to review and
provide input to all work estimates. Furthermore, technician
supervisors sheuld be required to attend design reviews to better
promotewalue engineering. At the very least ensure early on that what
is designed can be built.

23

1.1

Design

Some of the components designed for this project did not take as-built
field conditions into consideration. Accurately manufactured parts
required re-work before they could be assembled to components that
did not match the NSTX CAD model. Recommendation: Individuals
responsible for the design should engage with the field
(inspect/measure the field condition and speak with operations people)
to ensure that the designs for new components integrate into the
imperfect, as-built conditions that actually exist. This should be
addressed now, while the areas of nonconformance are fresh in
people’s minds. No one will remember where the problems were 5
years from now. Suggest updating the global CAD model to current
as-built conditions to benefit future upgrades/modifications.

24

1.7

Manage
ment/Or
ganizati
on

Project was very well organized from the beginning. We have an
excellent, very strong project team. We had excellent project initiation,
requirements were well defined if over the top here and there, and the
work planning and WAFs were outstanding. Project Controls went very
well. Project status and EVMS went nearly flawlessly. We were very
well supported but NSTX Researchers.

April 2015
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Appendix H

Lessons Learned (continued)

Number | Level

WBS

Success or

Opportunity

Category

Description & Discussion

25 3

1.1

Design

We spent too much conceptual mechanical engineering design and
analysis time trying to meet the GRD full power supply
recommendations and eventually had to punt and do DCPS.
Recommendation would be to craft the GRD more carefully or
consider ramifications sooner. CDR was extreme.

26 3

1.1

Design

GRD shot spec was also over the top. 60000 full power shots
eventually became 20000 shots total, 2000 full power on OH with
6000 full power plasmas. Chewed up a lot of analysis and fatigue
allowables.

27 3

Procur
ement

Associated Fabricators'LL report speaks for itself. What a mess.
Cost us time and money and kept us from doing other things.

28 3

1.2

Resour
ces

On.beams we had'some trouble with jobs taking too long. We had
some new people and bringing the crew up to speed took a lot of
hardwork and training. In the end though not only did we build a
new beam we built a new Beam Team too.

April 2015
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Lessons Learned (continued)

Number | Level

WBS

Success or

Opportunity

Category

Description & Discussion

29 3

1.2

NBI
Control
S

On controls, given the scope of work it became apparent last
summer that we were resource limited in executing the scope. We
received our new transfer staff member about 4-5 months late so we
had to supplement our workforce with a blue sheet subcontractor
who has worked out very well. The estimated hours required has
worked out OK in terms of costs; yet, we were supposed to finish
much earlier so in terms of schedule we needed 4 individuals
instead of 2. This problem was somewhat masked because we had
the rework on the traysddue to the drafting problem | mentioned
earlier. Therefore wefcould keep two techs moving and limit the
damage where 4 would have been left standing around. Because
other items were also late and we needed to rework the BL water
pipes this staffing issue neverbecame a critical path issue. Also, we
were very fortunate,to get the blue sheet individual that we did as he
has a lot of expefience that has been brought to bear.

30 3

ALL

Procur
ement

Ensure that supplier fabrication contracts are awarded based on
best value’andynot best price. More thoroughly vet suppliers
qualifications.

31 3

ALL

Procur
ement

Verify that selected subcontractor can perform the work required
prior to award. Add selection criteria to procurement process to
facilitate this. Several instances were encountered where the vendor
chosen to fabricate our components did not possess the capability to
perform the job correctly. This adds cost in lost time and rework.
Recommendation: we establish criteria for matching vendor
capabilities to fabrication complexity.
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Appendix H

Lessons Learned (continued)

Number | Level

WBS

Success or

Opportunity

Category

Description & Discussion

32 3

1.1

Coil
Molds

TF Inner bundle molds are too tight-fitting around copper.
Imperfect molds and imperfect copper bars resulted in quadrant
and ultimately full bundle to be larger diameter than designed. This
resulted in modifications to many of the parts that interfaced to the
coil's over-sized diameters and also resulted in the misaligned TF
connector faces. The only factor that allowed the coil to fit into the
case was the fact that we had thicker ground layer around the TF
Inner bundle and the OH coil. The compliance of the ground layers
allowed us to "squeeze™the TF and OH coils into their molds.
Conversely, if we did'not have a generous ground layer we might
have been able to'get the, TF and OH into their molds.
Recommendation: If wethad more fiberglass on the individual TF
legs, we could have built quadrants much closer to the design
dimensions.

33 3

1.1

Coil VPI

It'symy conclusion that we should plan to sand off resin rich areas
from,coils)\/PI'd in hard molds. Epoxy typically cures at ~100
centigrade, atemperature at which the mold had expanded,
resulting with coils that have larger than nominal dimensions. |
observed this as far back as the NCSX racetrack coil, ~10 years
ago. Recommendation: we allocate schedule and labor costs in
futdre projects to reflect the time that we will spend sanding.
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Appendix H

Lessons Learned (continued)

Number | Level WBS Success or Category Description & Discussion
Opportunity
34 3 1.4 0] Estimati | George and | were talking about Drafting. In general it is my
ng impression that drafting was somewhat underestimated by most

jobs.

Use of ProE modeling was valuable but took time. Making drawings
and approving them took more time. The estimate of 40 hours per
drawing may have been useful and approximate but might need
tweaking.

Not all ProE designers use ProE to its fullest or in the same way.
Some jobs require modeling with many details and huge amounts of
the global model. Some designers were slowed by the size of their
models.

Some computing requirements were reported but not addressed for
some while which led tolinefficiency and therefore increased
drafting costs.

The designers did not all, and for those that did, did not fully check
their models and drawings against the global model or the as built
machine. A notable example was the coil bus runs that needed total
rework. This was perhaps more commonplace than realized
because we had a‘lot of rework in the field.

The whole, drafting arena probably needs more input that just mine.

April 2015

Page | 166




Appendix I

Centerstack Fabrication and Assembly
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Original TF Bundle Upgraded TF Bundle

7.9 inch diameter

4

15.7 inch diameter

New ‘_Centerstack Assernbl}f
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Appendix J
Objective Evidence for KPP’s

>50 mA plasma shot
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Appendix J
Objective Evidence for KPP’s

>40 kV Neutral Beam Shot
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Appendix K
NSTXU Fabrication and Assembly Techniques
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Appendix K
NSTXU Fabrication and Assembly Techniques (continued)

'9]qissod apeaddn

SIY} Spew S1J04d pue 3S11adxs pauiquod

9SOUM SJ010eJ41U02gns pue yels uoddns pue

Si1SiuIydew ‘sueiniuydal ‘susudisap ‘siaauidud
‘s15121SAYd 1ddd Auew ayi 01 s)ueyl anQ e

1JUSWIRAZPI|MOUNIY

Page | 224

April 2015



Appendix K
NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K
NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K
NSTXU Fabrication and Assembly Techniques (continued)
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NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K
NSTXU Fabrication and Assembly Techniques (continued)
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NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K
NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K

NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K

NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K

NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K

NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K

NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K
NSTXU Fabrication and Assembly Techniques (continued)
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Appendix K

NSTXU Fabrication and Assembly Techniques (continued)

1eay Ag pajoays

Ai@sianpe jou saoaid paulol jo ssaupiey
ayj snyj jeay jo uonesidde molep
UOILO}SIP Plam MO »
plem jo uonenauad dea(
‘sjuawaiinbai Buyaasuibug

[vllcliz]1aplam

wieaq-uoJj2ala ysaiy ayl buipping pue buiubisap ypum paypald uaaqg os|e sey

jlassny | sawep Jojuaaul uesuawy [L]'8s6L ul uonesado uebaq yoiym ‘auiyoew
Buipjem weaq uolidaje (eajoeld 1541 ay) padojasap pue paaliasuod plemiabials
‘suonjedijdde weaq uoijoaja snouea uo Buiyiom awng ayj je sem oym ‘piesmsabialg
ZulaH-pey 1sioisAyd vewnas ayj Ag padojanap sem )] “weaq uoijoale ay)

Jjo uonedissip juanaid 0] SUOIJIPUOD WINNJEA J3pun pauuoliad uayo si g3 “1eduwn
uodn jeay ojul pauuojsuel) si suoijoaje ayj jo Abiaua anauny ayj se sayjaboj moy)
pue jjaw sadaid yom ay) ‘pawol aq o) sjeuajew om) o) pandde s1 suosyoaje Ajdojan
-ybBiy Jo weaq e yoym ui ssasoud Buipjam uoisny e s1 (\Mg3) buipjam weaq uonosalz

eipadojafoua aayy ay) ‘eipadijipy woa4

SuipjoWm wieag-3 *Z

Page |240

April 2015



Appendix K
NSTXU Fabrication and Assembly Techniques (continued)
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NSTXU Fabrication and Assembly Techniques (continued)
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NSTXU Fabrication and Assembly Techniques (continued)

Actual Components
Neutral Beam Port Duct

Prototypes

Typical mockups

CAD MudeISI
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Appendix K
NSTXU Fabrication and Assembly Techniques (continued)
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Appendix L

Aquapour Independent Peer Review Findings

Princeton Plasma Physics Laboratory

To: Distribution

From: P. Heitzenroeder

Date: October 14, 2014

Subject: Peer Review of September 8, 2014: Impact of CTD 425 Resin-Contaminated Aquapour
on NSTX-U Operations

Reviewers: T. Todd, I. Katradomos (MAST); A. Kellman (GA); J. Irby, W. Beck, D. Terry, J.
Minervini, R. Viera, E. Marmar, W. Burke (MIT-PSFC); B. Nelson (ORNL)

Attendees & Participants: J. Makiel, T. Indelicato, B. Sullivan (DOE); M. Williams, M. Ono, J.
Menard, S. Gerhardt, R. Strykowsky, P. Titus, H. Zhang, S. Smith, S. Raftopoulos (PPPL).

The motivation for this peer review was described in the Introduction (Ref. 1). To summarize:
A plaster-like compound called Aquapour was used to forméwhat was to be a temporary surface
0.100” above the TF center stack surface on which to wind the!OH coil. Aquapour is normally
easily dissolved by water, and the intent was to removg,it after the'OH winding was completed to
create a thermal expansion gap between the OH afd TF windings so that the mechanical and
thermal behavior of the two windings would be decoupled.” Unfortunately the Aquapour became
contaminated with the CTD 425 resin during the vacuum pressure impregnation (VPI) process.
The resin-contaminated Aquapour is impervious to water,iand is moderately hard. Attempts to
remove it with picks, a variety of saws, and pressurized water were unsuccessful. After detailed
discussions, the project decided that, rather thanrisk damage to the TF and OH coils, which were
very good electrically, a mitigation’sttategy based on assuring that the OH coil is always hotter
than the TF coil (and thus expanded away from it, permitting the two coils to expand and
contract independently) seemed feasible andycould be developed. The mitigation strategy was
presented in the followingtwe presentations (ref. 3 and 4).

It is worth noting that this risk was evaluated and listed in the risk registry around the time of the
preliminary design reviewyin June, 2010. Risk: “unable to completely remove temporary space
material between OH and “FF.”/ Mitigation Plan: “Administrative controls during operation
requiring OH and TF to be powered together."

The mitigation plan that PPPL. proposes is outlined below. (The alternative option discussed
during the review, which is to build mockups of the OH coil and perform testing to qualify the
coil for the expected strain rates, can be revisited in the future.)

o Preheat the OH to create a gap between the TF and OH so that each can thermally expand
independently. The gap required is ~0.012”. There are two options for maintaining
Trr<Ton:

1. Pre-heat the OH coil using currents before the TF turns on.
2. Control the shape of the OH S-curve by adjusting the amount of pre-charge.
o Year 1 and 2 physics program can proceed basically unaffected since the OH and TF
coils are only needed to operate at ~70-80% full operating parameters, even allowing for the

proposed OH coil pre-heating. This provides “room” for the temperature rise due to
preheating or recharging of the coil.
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o Year 3+ requires 2 MA, 1T, 5s operation. To make room for the OH preheating while still
permitting the full thermal excursion required, we propose extending the maximum OH
operating temperature from 100 °C to 110-120 °C after tests to verify this change.

Depending on the maximum temperature, there may be a small (0.2-0.3 s) loss of pulse duration.

Operation at tdischarge>31cr (plasma current redistribution time constant) will not be affected.

With these changes in operation, the full NSTX-U Physics Program can still be achieved.

Increasing the maximum OH operating temperature:

o The resin used to Vacuum Pressure Impregnate (VPI) the TF and OH coils 1s CTD-
425, which is a cyanate ester / epoxy blend.

o The primary reason this resin was chosen was to assure maintenance of adequate
strength properties at the projected 100 °C maximum operating temperature.

o DMA test data shows that this resin has a virtually flat storage modulus up to ~120C.
The storage modulus behavior indicates that there will be minimal loss of the elastic
modulus up to that temperature. Consequently, we believe that it will be possible to
safely extend the maximum operating temperature fram 100 "C to 110-120°C.

=  We plan to verify creep properties. Creepdpermanent deformation), can occur
when a material is stressed for prolonged periods of time at elevated
temperature.

e Tests are planned to meaSure the creep behavior of a CTD-425 VPI
impregnated mockup of a ¢il séction, but this is not expected to be an
issue.

e The time that the®@ail will be at temperatures >100 °C will be limited
- allowing for cool-downjit is in the range of 12 minutes per pulse.

e It will only be a maximfim of'10-20 °C above the design basis 100 °C.

e If creepfdoes occur, the preload mechanism (compressed Belleville
spring washets) can absorb a modest amount. If more must be
accommodated, thésmechanism can be re-adjusted or, in the extreme,
shims could beyadded.

¢ The preload mechanism contains two sensors to measure solenoid
thermal growth or, if creep occurs, decrease in height.

Reviewer Inputs:

Below are answers to the Charge questions and comments from the MIT reviewers and the
responses from the Project:

Charge questions:

A. Does our approach with temperature controls appropriately control risk?

You are not making direct measurements of temperature or strain. The I°t measurements must be
good enough and the thermal coefficients known well enough to ensure you know the
temperatures are within safe limits, with appropriate margin. Good measurements of inlet and
outlet water temperatures and flow rates should be used to add confidence to the measurements.
Assuming adequate testing of your new Digital Coil Protection System ensures you can maintain
the entire OH coil at least 10 °C above the TF everywhere, your plans for 2015 and 2016
operation could be carried out with acceptable levels of risk. You should continue to refine your
measurement and control capability, your analysis results, and your testing program over the
next few months. These issues should be discussed before the readiness review in December.
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Answer: RTDs measure the inlet and outlet temperatures for all 4 layers of the OH coil and all
turns of the TF coils. RTDs are type A PT100 with accuracy of 0.1C. RTD temperature
measurements will be used to periodically calibrate the accuracy of the algorithms used in the
DCPS. These sensors will also be used to provide the permissive for the next shot.

10°C is not proposed as the temperature difference between the OH and TF; rather we propose
to keep the TF always colder than the OH, or at worst have their temperatures match. In the
future we may assess scenarios with the TF slightly warmer than the OH. See S. Gerhardt’s
presentation for details of the OH preheat or precharge temperatures proposed.

B. Is the need for qualification tests urgent or can they wait for operating experience
and/or physics need?

The characterization of Aquament mechanical properties should be completed before you begin
operation. Creep tests on an OH mockup should be part of an ongoing program to prepare for full
parameter operation in 2017.

Answer: By ensuring that the OH temperature is abgve or equalyto the TF temperature there
will be no mechanical interaction between the twodsystems. We do plan to cut samples from a
VPI'd sample of Aquapour to measure its compressive and tensile strength and modulus.
However, since our plan going forward does not require,this data, it is just for information for
possible future use. Based on the effectivenessyof the VPI process and our suspicion that thermal
expansion of the OH coil preceded thermal expansion of the TF coil which was interior to it and
“insulated” by a layer of Aquapour, it is likelydhat résin flowed down the entire length of the
Aquapour and impregnated the entireleylinder of Aquapour. The VPI'd Aquapour was found to
be very tough (though not as tough asl the resin) and hard to break up; we feel that it will not
break up into pieces small enough tofall inteythe thermal expansion gap (~0.012”) . Regardless,
we will periodically monitemthe bottom ef the solenoid for any evidence of particles falling out.

C. Is the present and future work that is planned comprehensive enough to support our
research goals?

If you continue to refine your models and do tests consistent with those mentioned in Pete’s
presentation, you will be able to make very good progress on your research goals. We still have
questions and comments you should consider as you plan the engineering work ahead:

1. We strongly recommend tests to evaluate the Aquapour properties, including mechanical and
thermal. This test should also measure the rate of penetration of the resin as a function of
time during the VPI process.

Answer: We do plan to evaluate the mechanical properties of Aquacement (see B above).
The thermal conductivity, although not measured, was observed to be low during heating of
the assembly during the relative motion tests (below). It will not have any appreciable effect
on the dT between the two coils or cool-down during operation.
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2. How was the relative movement of the OH relative to the TF core measured? Was it
symmetrical top/bottom or with one end of the OH coil fixed? Symmetrical growth top and
bottom does not ensure that the OH is free to move relative to the TF.

Answer: Normally the OH coil is fixed on the bottom and expands towards the top. It was
measured by dial indicators. For this test, the bottom support was removed and the coil
expanded both ways (not quite symmetric, ~0.040” bottom, 0.060" top).

3. OH coil cool-down analysis which includes the Aquacement thermal properties should be
performed.

Answer:  The heating time-temperature behavior during the relative motion tests
demonstrated that the Aquacement has relatively poor thermal conductivity and will not
appreciably affect cool down during operation (See B above). .

4. What is the degree of accuracy of the temperature measurements and is the error within the
allowable delta T for safe operation of the coils?

Answer: Thermal calculations will be done within DCPS,,  These calculations will be
calibrated by the RTD’s which measure the water inlet andyoutlet temperatures. The
accuracy of the RTDs is 0.1 degrees, the caleulation accuracy and calibration accuracy
together will be better than ~1-2% , which is safelfor assuring adequate dTs between the
coils.

5. What type of electrical testing will be performed on the coil once it is installed in the
tokamak, and at what temperatures will the tests be performed?

Answer: After installation, impulse tests will be repeated at 5 kV and hi-pot tested at 9 kV
and compared to the previous  measuvements. The tests will be performed at room
temperature. A subsequent Integrated System Test Procedure (ISTP) will qualify the coil for
operation.

6. Cool-down fault analysisishould include failure of any or all of the coil cooling systems. Are
the implications of such events benign? As one example, if the TF cooling system failed at
the end of a high performance pulse, what will happen to the TF and OH temperatures (and
gradients) as the coils cool passively through conduction and convection to the rest of the
structure?

Answer: The coils do not require active cooling during a pulse for safe operation. In a
passively cooled condition, analyses show that the TF cools faster than the OH due to the TF
flags which extend from the coil in the umbrella structures and acting like cooling fins, this is
a desirable condition. If the TF cooling water trips or has a flow problem, the programmable
logic controller (PLC) can be programmed to stop the flow of the OH cooling water. As a
result of this review, we do plan to program the PLC to stop the flow of water to the OH if
the TF cooling water trips or has a flow problem.

7. Do the 4 wires (intended to help remove the Aquapour, but now trapped in the coils) pose
any electrical or mechanical risks? Issues could include stress concentration and peaking of
electric fields. Is there modeling that could/should be done?
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Answer: The electrical insulation has large factors of safety (see Att. 3). An ANSYS 2-D
electrostatic model indicated no risk electrically since the calculated electric field is 1.8
MV/m compared to a dielectric strength of 30 MV/m for G-10 (which has comparable
electrical properties to VPI impregnated fiberglass) and 3 MV/m for air. They pose no
mechanical risk.

8. Is the time between pulses using the new cool-down scenario adversely affected?

Answer: The cool down scenario will not be affected due to Aquacement issues.

9 Slide 31 in Titus's presentation shows one preliminary simulation of post-shot cool-down, but
in the case shown it appears the stresses might be as high as 16 MPa, which seems too large
(based on slide 4 from the same presentation). Pete says "more analysis required". When
will that be complete, and will it be reviewed?

Answer: Although not related to the Aquacement issue, the cooling wave phenomena was
recognized and is being further analyzed. The analyse§ are expected to be completed in
early November, and a Peer Review will be held shortly after.that.

10. What about a TF crowbar at end of TF flattop, when OH curreng is back to 0. Slide 4 from
Gerhardt's presentation shows a case where the!OH temperature gets very close to the TF
(within perhaps 3 degrees C). [a]. Are there simulations of cases like this, with a TF crowbar
at the end of flat-top? [b]. During the geview it wasimentioned that a TF crowbar at full
current would cause something like an additienal 4 °C temperature rise. A simulation that
shows this for 130 kA TF cases with the "FF starting at 100 C should be run. [c]. Slide 20
discusses the DCPS algorithmgto be implemented for protection, but without more
information, it is not clear if this will prevent access to some of the desired (required)
operating space. Also, what is thednaximum temperature the TF can take, independent of the
OH stress considerations?

Answers:  [a] andy[b] The, DCPS algorithms factor in the temperature rise due to
crowbarring. [c]. It mayslightly narrow the operating space at the combined highest fields,
currents, and pulse durations. That algorithm is conservative as it limits the projected
temperature difference between the OH and TF to less than zero; i.e. this enforces the new
requirement that the OH temperature is never lower than the TF.

11. Almost all of the simulations for coil temperatures appear to be 0-D. Are important gradient
effects being missed? It appears that all of the planned DCPS algorithms assume single
uniform temperatures for each coil (OH and TF). Is that sufficient for protection?

Answer: The cooling analyses with the F-Cool code were 1-D, and these demonstrate that 0-
D is sufficient for protection. The analyses have addressed 3-D thermal gradients in the
coils.

12. If Aquapour degrades during operations, what keeps the OH centered on the TF? Slide 22 of
Gerhardt presentation implies centering shims will no longer be used since there is no room
for them now anyway, because of the Aquapour.
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Answer: Shims can easily be added on the top end of the solenoid if we do observe Aquapour
debris beneath the machine.

13. How will the DCPS changes be implemented, reviewed and tested? A detailed plan is

required. What about software bugs, hardware reliability, redundancy, common mode
failures?

Answer: Qut of scope for this review, but will be addressed in Operations Procedure OP-
DCPS -779. A Failure Modes and Effects Analysis (FMEA) was performed which includes
failure modes. Reliability analysis will be included in the DCPS system description which is
currently being written.

14. Extensive failure analysis and testing of interlock and temperature difference control and
protection systems are necessary.

Answer: Agree. This will be addressed in the PTP’s (Preoperational Test Procedure) and
ISTP (Integrated System Test Procedure).

15. How is the temperature evolution algorithm to bedcalibrated against outlet water temperature
and other measurements, and how often is this calibration to be done?

Answer: See (4) above. Calibration will be performed at the beginning of the run period,

which is typically 12-16 weeks. This datanis stored for each shot and used for periodic
review.

16. What is the range of OH coil gempetatures required during normal and off-normal operation?
What effect will this have on OH._¢oilyinsulation over time? When will engineering tests be
done for the mock-up section of OH, winding for fatigue testing?

Answer: It will be'in.the range of 12 "C to 110-120 °C, (to support 5s, 2 MA operation) with
the exact upper limit decided after the data for the planned insulation creep tests is
examined. These tests will.bé performed in the next year. For the first year, only 70-80% of
the GRD I t is required, (Trise~75 "C). The creep test is being performed to ensure that the
OH insulation will not be adversely affected over time. The temperature increase being
proposed is modest and far from the glass transition temperature of 180 "C and will not
cause any aging degradation of the insulation.

17. Will DCPS and interlock systems safely handle test shots with TF only and other required
test or calibration pulses? The system should be designed to allow them.

Answer: “TF only shots” will be led by OH preheats sufficient to provide the required
thermal headroom. Should this not be done, the DCPS will issue a Level 1 fault.

18. Pete Titus recommends several tests and qualifications for the two possible solutions he
presents in slide 19. Are these to be done and, if so, when? These include:

a. First solution (slide 19)
1. Recommends strain controlled tension fatigue tests of insulation systems.
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ii. Properties of epoxy impregnated Aquapour should be better characterized.

b. Second solution (slide 19) this is our preferred solution.

1. Plumbing and new operational controls needed.

Answer: We plan to go forward with the solution which avoids interactions between the OH

and TF and with 110 -120 °C max. temperature operation, as discussed on p. 1. Creep tests
at 110-120 "C will be performed. Only operational controls are needed for the elevated
temperature operation.

MAST Group Comments:

MI.

M2.

M3.

M4.

M5

Several of us considered that it must be possible to do micro-hardness tests on the chips of
removed impregnated Aquapour.

Answer: We do plan to perform tests on VPI'd Aquapou#’samples (see Charge Question B
responses above).

I liked the idea raised by someone else of simply measuringithe density of the chips and
mocking up to some decent sized samples by deliberate impregnation with CTD-450 to
cover a range of densities, to check the mechanicaldehavior, yield strength, etc.

Ans: See Charge Question B response above.

The hi-pot test was helpful and reassuring in its,results, but as I said at the time, the wires
will create electric field stress concentrations and could conceivably shorten the insulator
life against micro-discharges (miniature break-downs within the insulator, exacerbated by
electric field cycling), so worth getting someone to analyze sometime, I think.

Ans.: As stated in (7) abovey An ANSYS 2-D electrostatic model indicated no risk
electrically since the'ealeulated eleetric field is 1.8 MV/m compared to a dielectric strength
of 30 MV/m for G=10 (whieh has comparable electrical properties to VPI impregnated
fiberglass) and 3 MVim for air.

Temperature rise profiling and control was extensively covered and seemed perfectly OK
to me, but I got the impression there had been less work on the temperature fall after each
shot. The adverse effects of the cold wave propagating up the solenoid (so it bites the TF
vault if that has not been thoroughly cooled beforehand) seemed to be of some concern,
and not just because of the Aquapour issues. Indeed, it was said that the solenoid shrinkage
being inhibited by it contacting the TF vault would help to reduce the stresses caused by
the solenoid diameter transition.

Answer: You are correct, the adverse effects of the “cooling wave” are issues independent
of the Aquapour issue. We are re-visiting previous analyses of the cooling wave.

However I agree that a trivial cure to the TF-OH differential temperature problems during
cool-down is simply to delay the active cooling of the solenoid until after the outlet
temperature of the TF has shown it to have cooled sufficiently. This will work if, as we
were told, the thermal time constant between them is measured in hours rather than
minutes, and the physicists don’t mind waiting an additional five or ten minutes between
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Meé.

M7.

MS.

MO.

high-performance shots.
Answer: In normal operation the TF cools down faster than the OH coil. Simulations show
similar cool down wave response with and without Aquapour.

Not closely related to this Aquapour problem, I observed that the machine protection
system, as sketched perhaps overly simplistically for this presentation, seemed to have
many common-mode failure points that could prevent it from carrying out its function
rather too often. This would need detailed exploration by more of us with Machine
Protection Working Group experience!

Answer: Indeed, the sketch was simplified to provide an overview of the system and should
not be considered as an engineering drawing. A FMEA for the DCPS system was
performed and has been successfully reviewed.

Similarly it was said that the machine protection would only trip all power supplies
simultaneously, by means of electronic shorting switches to force zero voltage on all bus-
bars. Compared to JET and MAST systems, this is oddly limited and somewhat brutal to
the supplies, and also (I think it was Jon Menard whofnoted, near the end of the meeting)
stops the control systems from being allowed to initiate a‘¢ontrolled termination e.g. when
something important has tripped (e.g. the TF or ©H), in ordefyto avoid precipitating a high
current major disruption. JET uses a cascade of different trip types as any operational limit
(single parameter or combined) is approached,‘inda sequence like power supply internal
current clamp, thyristor trigger blocking to create essentially a bridge voltage going to zero,
open mains input breakers, fire brutal erewbar. Before all that, we send an alarm to the
plasma control system telling it what is likelyato trip, so that it can choose one of about a
dozen different soft termination scenarios t6 minimize the chance of a disruption given the
specific power supply loss.

Answer: Prior to year 3 of operation, we will have developed and tested algorithms inside
the plasma control system_analogous to the DCPS which will anticipate exceeding an OH-
TF temperature differential\limit and other DCPS faults and initiate a controlled plasma
current ramp-down before a  DCPS trip is triggered.

There was mention of letting the coils cool down on their natural L/R time, but some slides
showed a steep TF current decay all the way to zero, as though the supply has two-quadrant
behavior. Maybe it has, when not shorted?

Answer: The standard Transrex power supply section has two-quadrant behavior (current
in one direction, but voltage in both). The plots that show the TF ramping down quickly are
cases where the supply is controlling the current rapidly back to zero, under digital
command and NOT in a fault condition.

It was said that sub-cooling TF might exacerbate creep failure, but I don't understand this
since creep phenomena are associated with elevated temperature. If the impact of one coil
system upon the other was meant, the detail was not explained.

Answer: Sub-cooling of the TF was mentioned as an alternative way of generating the
required dT between the OH and TF. This could potentially avoid having to qualify the
OH for operation above 100 "C. If sub-cooled, the TF water temperature would be
reduced to 8 "C. This would require improving the dehumidification of the test cell. We
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expect the creep level to be manageable, as discussed in “Increasing the maximum OH
operating temperature” on p. 1 of this report; this is the more cost effective solution.

M10.My proper engineering colleagues can comment, but I thought Tresca stress, while
recognizing the superposition of shear and compression/tension in a generally appropriate
way to represent total stress, did not intrinsically relate this to the loci of allowable shear
and tension/compression in a composite material at various temperatures and desired
fatigue lives, as Mohr plots do?

Answer: The failure criteria we generally use are described in the slide below. Mohr’s
Circle analysis is used to determine the shear stress in the plane of the composite.

Failurecriteria

5.2 1.3 Shens Sess Allownble
The shear-steess allowable. 5<. for an insulasing maserial is mos swoagly o
funcion of the pamculs aetennd and processing method chosen, the
|-.l.||.".||'|'l: comlitions, the lemiperalure aad the radintion EX OSLRe level. The
shear strength of msulating materials depewds stongly on b applicd
COMIPREsIVE slidss Therefore, the I-.r]|-.l'--|:||g condiioms muasg be met for S E—— S—
ciibr statac or faigue conditpens - '

S |33 1o ]* [6rx Sowm)

-5 2 1.3 Tepsile Straip Allownble Mermal o Plans sy o Sl Yinki skl g
In the derectvin pormnl to 1be adhesivie bonds beltween metnl aod composabe, 2 sl el
no pranaery leesile strain s allowed. Secondary siraim wall be lmated 1o 105
of the wllzmate tensile sirin. In the absesoe of spedafic datas the allvoable
warking tensile stram s 002%% in the imsalation sdpscent o the bomsd

Tsai-Wu has been proposed for Composite materiak. It isavailabiein ANSYS
butwe havmt usedit

Electrical Hi Pot Test of OH Coil

Details of the OH coil electrical hi pot test were requested during the review. The photo below shows
the center stack during the test. The TF turns were connected together and grounded, the foil over-
wrap over the OH coil was grounded, the structure was grounded, and the (4) wires embedded in the
Aquapour were grounded. The leakage current from the OH coil to ground was 12pA at 13 kV after 1
min.
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References: (posted at ftp:/ftp.pppl.gov/pub/Heitz/NSTXU_8SeptPeerRev/ ).

1. Peer Review Introduction

2. NSTX-U TF-OH Design & Manufacturing

3. Aquapour/CTD-425 Composite Implications for NSTX-U Operations and Research Goals
4. Aquacement problem (Analyses)
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