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NCSX Progress in Fabrication and Risk Reduction

B\ G55
Topics
 Project Objectives

« Component Fabrication
— Progress

— Schedule issues, resolution, and recovery plans.

 Project Management highlights:
— Safety management

— Risk management

Key points
« Component deliveries are late but vendor issues are getting resolved.

* Project has a sound plan to get back on schedule and meet baseline
objectives.

« We support DOE safety and project management improvement priorities.
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NCSX Benefits to the Fusion Program

Hl/\/ C53
Stellarators solve critical problems for magnetic fusion.
« Steady state without current drive.

« Stable without feedback control or rotation drive. No disruptions.

« Unique flexibility to resolve 3D plasma physics issues for magnetic confinement.

U.S. focuses on Compact Stellarators.
« Lower aspect ratio than other stellarators.
« Magnetic quasi-symmetry:
— overlap with tokamak physics- makes full use
of tokamak advances, including ITER’s.

— tokamak-like confinement.

3D geometry produces benefits and costs.
We will quantify both.

NCSX Mission

_ Plasma and Coil Design for the
* Attractiveness of compact stellarator for MFE.  National compact Stellarator Experiment

« 3D physics for fusion and basic science. (NCSX) 3



NCSX Project is More Than 1/3 Complete

- NCreray
Scope
» Fabricate & install stellarator.

« Adapt existing operational infrastructure to
NCSX needs.

» Test system and make first plasma.

Schedule and cost
 April, 2003 - July, 2009 (76 months)
e TEC $92.4M

Status

» CD-3 was approved and both major component\

fabrication contracts were placed Sept., 2004. NCSX Stellarator

— First delivery expected this month. Major Radius 1.4 m

» Work performed to date $35.0M (38% of TEC) Msglgztl|(;:é?Ld~2i()sT




NCSX Uses Existing Fusion Program
Infrastructure to Reduce Costs
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NCSX Engineering is Based on a Robust Concept
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Iif Vacuum Vessel
14

f'a Major Tool and Machine, Inc.

Modular Coil
winding Forms
(MCWF)
Energy Industries Field Period
of Ohio, Inc. _ Sub-Assemblies (3)
<« .3 ‘ PPPL

Modular Coils (18) Winding form stays with the coil
PPPL as part of the machine structure. 6



MCWEF Deliveries Are 4 Months Late, But First-Unit
Fabrication Issues are Being Resolved.
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18 forms (3 shapes- A, B, C). Status:
» 3rd pattern (the last) ships to foundry this week.
« 7 castings have been poured (all 6 C’s, 1 A).
e 3 are in machining.
» Forecast #1 delivery Sept. 23 (19 weeks late).
» Forecast #2 delivery Oct. 14 (13 weeks late).

Vendor’s initial plans had to be modified
to overcome issues which delayed #1
at each manufacturing step.

« Pattern-making (2 week delay) |
— now well off critical path and nearly complete &
» Casting (4 weeks delay)

— pattern was re-worked to optimize alloy feed,
reduce post-processing requirements.

« Machining (13 weeks delay)

— hundreds of machine programs were revised
to improve contour machining efficiency.

High quality is being maintained. MCWF being machined 7




Some MCWF Manufacturing Challenges Remain, but
Vendor Schedule Performance is Recovering

Hl\/C53€

Progress...

Patterns are nearly complete.

— First two have been successfully used. Last is in final inspection.

Castings are being poured at a rate consistent
with EIO’s baseline delivery schedule.

Casting post-processing times still
need improvement.

— Issues are now production schedule-related,
not technical. Receiving plant production
manager’s attention and priority.

Machining times have improved dramatically.

— #1 is through machining, in final inspection and testing.

EIO Casting Pour Dates

#1 12/20/04
#2 4/15/05
#3 5/24/05
#4 6/10/05
#5 7/12/05
#6 8/8/05

#7 9/1/05

16 weeks
6 weeks
3 weeks
4+ weeks
4 weeks
4- weeks

— #2 is progressing with no recurrence of #1 problems. Developed solutions are working.

— Forecast 15 weeks to machine #2 vs. 25 weeks for #1.

— Expect first of each type will require some extra development time, with learning-curve

improvements thereafter.




MCWF Delivery Delays Are Accommodated

within the Project Baseline
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does not count on it. Current plan* can even absorb further delay (Q©).
* We will miss our FY-05 Joule target (wind 1st coil) by no more than 3 months.

« EIO is working to get back to their original schedule ([2 ), but project baseline (%)
« We maintain our CD-4 schedule (July, 2009) with 5 mos. contingency.

2 shfits for field period

assembly

3 winding lines 2 shifts

for coil winding

(L) Mitigation plan late delivery
{2 winding lines 2 shifts
for first 13 miIE)
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Vacuum Vessel Fabrication

Hll\/ G55
e Shell geometry similar to plasma’s.

* Panels are press-formed, welded
together into sectors.

* First 120-degree sector has been
welded.

 Port fabrication is in progress.

7 -

Panel being formed




Coil Winding Preparations

- INICoras
e “Twisted racetrack” R&D coil was
successfully fabricated.

Twisted Racetrack

— Demonstrated all critical manufacturing
operations.

— Trained the staff.

— Made changes in design details that
improve manufacturability.

0 Resulting Title Il design delays are
accommodated by our plans.

 We are ready to wind modular coils as

soon as MCWF#1 arrives. The TF coils
) : are relatively
 TF coils will also be wound at PPPL. simple.

— Minimizes quality risks.

— Conductor ordered, winding table
installed.

11



Coil Winding is Off to a Late Start But We Have a
Sound Plan to Get Back on Schedule
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NCSX Critical Path Summary Schedule

FY03 Fy04 FY05 FY06 FY07 FY08 | Fy09
oINo L FImMaAME T R EloIwTJdAM A PR EloWlc h FIvrmE L REInp L FMErMIJ ke FMRErMETrlslocwo b FIMamME T Rlslocwo R IFmamE T ]A!

DOE Milestones
i \/ o ¥ & s snara FY06-07 Work Plans Support...
art of Prelimina esidac Vsl FDR
lea#lhutnanzeprclypehb ; *:loule# Award VVSA MWEF Cond ° PPPL technician Staffing for 2-Shift

ular Coil FDR
Joule #2 Demonstarte Winding Process on 3-D Surface Joule §Cmplt pssy TRC

Joule #3 First Prototype Casting Produced for Machinin wJoul %:;JT:LN;::&;?;;; :Z:: - CO I I WI n d I n g O pe ratl O n S .
VACUUM VESSEL

Joule #4 CD-3 Prereg ompleh*
rie 1 10cc I = * ORNL design resources to produce
Manuf Dewvel . .
VesselFao I~ T coil part and assembly drawings.
|MODULAR COILS ‘

e I in-
i | .11 MOF Tmmmmm!m_ * PPPL procurement and in-house fab.
resources for on-time parts delivery.

Title Il Design for Winding|
|

Component Fabrication

1
— MCWF Manufacturing Development
Fabricate Prototype Type "C‘— JAward Winding Form Contract

Fab Winding Forms

Al C3 A2 C4)B1 C5 CEBZA3 pd AS AGBIB4BSBE

Station 2-Wind & VPI
Station 3-Win
WPl Clamps, &

|_|I_I

FIELD PERIOD ASSEMBLY Attach Coolillg Diag, Insulation |
Pre-Assemble Mod Cails

MC | n

Assemble 1st Period

Assemble 2nd Period

|
Assemble 3rd Period [0

I
MACHINE ASSEMBLY Install Supports and Lower PF Coils
Install align, connect Field Period Assemblies

Connect to Ancilliary Systems Total
!
| Install Cryostat & PTFI 1) 0 ;':::
Startup Testing and E-Beam !lu'lappang.— ————————— v
| Ancilliary Systems Ir or [ ] First Plasma W

1 1 .
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Safety is Integrated into NCSX Work at All Levels
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« Job Hazard Analysis checklist used for all field tasks.

« All staff taking Hazard Awareness Training (JHA-based) to improve understanding
of NCSX hazards.

« Lab Activity Certification Committee (ACC) reviews NCSX manufacturing and test
facilities and associated procedures prior to operation.

« Safety is addressed in design reviews and influences choices (e.g., hazards of
thermal insulation options; hoisting & rigging hazards in assembly operations).

* IPT reviews or participates in safety activities as part of its management duties.
* Project organization is structured to promote safety management.

— New NCSX on-site fabrication organization is led by a PPPL fabrication division head.
« Safety, cost, and schedule objectives are mutually supportive, not in conflict.

— Work is done according to documented plans and procedures.

— Project organization keeps safety, cost, and schedule responsibilities in alignment.

13
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NCSX Project Organization
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Associate Director for Fusion Ene

Sciences, Office of Science
N. A. Davies, SCG-OFES

NCSX Program Manager
B. Sullivan, SC-OFES *

[] ooe

[ pprL
[ ornL

NCSX Federal Project Director
G. Pitonak, SC-PSO *

Deputy Federal Project Director

[ wational

* Members of Integrated
Project Team (IPT)

J. Makiel, SC-PSO *

Stellarator Core
Design Integration

M. Cole, ORNL

ES&H and i EIGErnT
JW. Anderson, Deputy Dir. i
PPPL R. Hawryluk
‘ Project Control
R. Strykowsky, PPPL *
ES. & H.
J. Levine *
Quality Assurance |- - System Engineering
1. Malsbury * Nc;x Project Oﬁl(_:e ]
PPPL Laboratory Project Mar.: G. Neilson, PPPL * System Eng. Support: R. Simmons, PPPL
De Project Mar. for Program: J. Lyon, ORNL * Design Integration: T. Brown, PPPL
Procurement Engineering Manager: W. Reiersen, PPPL * Technical Assurance: A. Brooks, PPPL
R.Templon*  — Admin: P. Hamoton. M. Tyirell. PRPL Dimensional Control: B. Stratton, PPPL
PPPL e e Start-up Coordination: C. Gentile, PPPL
[ / I | | | |

Stellarator Core Design|
& Procurement
B. Nelson, ORNL

4

Stellarator Core
On-site Fabrication

L. Dudek, PPPL

Com|

11-12. Vacuum Vessel
& In-Vessel

lu

Components
P. Goranson, ORNL

12. Vacuum Vessel

Sub-Assembly
M. Viola, PPPL

13. Gonventional Coils | |
M. Kalish, PPPL

14.16. Modular Coils,
Cail Services 1
D. Williamson, ORNL

14. Modular Coil
Winding Forms
P. Heitzenroeder,
PPPL

15. Conv. Goil
Structures —
M. Kalish, PPPL

17. Cryostat and Base
Structure —

G. Gettelfinger PPPL

18. Field Period

Assembly —
T. Brown, PPPL

Ancillary & Facility

L. Dudek, PPPL

Systems

3. Diagnostics
D. Johnson, PPPL

. von Halle, PPPL

Electrical
Systems

\

21-23. Fueling &
Vacuum
W. Blanchard, PPPL

|| 13. TF Coil Fab./Assy.

J. Chrzanowski, PPPL

14. Modular Coil Fab.
J. Chrzanowski, PPPL

18. Field Period
Assembly
M. Viola, PPPL

61, 63. Water & Utility
Systems
L. Dudek, PPPL

62. Cryogenic Systems

| G. Gettelfinger, PPPL

£4. Bakeout Systems
M. Kalish, PPPL

7. Test Cell Prep. &
Machine Assembly
E. Perry, PPPL

Research Preparation
M. Zarnstorff, PFPL

13./14. Coil Testing
|| G. Gettelfinger, PPPL

25. Meutral Beam

|| Injection Heating
T. Stevenson, PFPL

4. Electrical Power
| | S. Ramakrishnan,
PPPL

5. Central |1&C / Data

— Acquisition
P. Sichta, PPPL
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Project Risk Management Follows 413.3

L WVCoray
» Key technical risks (challenging geometries and tolerances) were
identified during the planning stage.
— No new risks of comparable significance have emerged.
« Risk mitigation plans, included in the baseline from the beginning, are

succeeding.
— Manufacturing processes have been developed through R&D.
— System engineering program has maintained good control of requirements and

configuration design.
o Have avoided performance compromises and costly re-engineering.

* IPT’s risk management approach is working well.
— Continually identify, assess, and track risks using dynamic Critical Issues List.

— Continually mitigate cost/schedule risks through value engineering and
planning improvements.

— Apply contingency when risks are retired.

Progress in NCSX Design, R&D, and Production has steadily improved
plans and reduced risks.
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